JURN JURE gpmu ES9069
’ :.‘EL‘E’ E 32-bit High Performance 2 Channel DAC with MQA

Analog Reinvented Product Datasheet

The ESS Sabre® ES9069 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 ES9069 uses the newest
ESS patented HyperStream® IV Dual DAC™ technology, and advanced SABRE HiFi® architecture.

The ES9069 delivers a performance level that will satisfy the most demanding audiophile and pro-audio enthusiast.

The ES9069 SABRE® DAC improves on previous designs to include:
e MQA Hardware renderer to reveal the original master resolution
e TDM & SPI support for more options in connectively
e Lower power consumption than previous generations which includes the Hyperstream [V DAC modulator
e New hardware mode (HW) programmability alleviates I°C/SPI programming for ease of use.

The versatile audio input port accepts PCM (TDM/LJ/RJ/I?S ), DSD, DoP, S/PDIF and MQA renderer 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.

ES9069 is a licensed and standard-compliant MQA native hardware renderer reducing the decoding demand on the
application processor.

The integrated digital regulator reduces PCB area and BOM cost.

FEATURE DESCRIPTION
Patented 32-bit HyperStream® |V Architecture and Dual 32-bit audio DAC with very high dynamic range & ultra-low
DAC™ Technology distortion
+130dB Dynamic Range (DNR) High performance 32-bit audio DAC with unprecedented
-126dB Total Harmonic Distortion (THD) dynamic range and ultra-low 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

Supports master/slave PCM (TDM, I?S, LJ, RJ), DSD,
DoP, S/PDIF formats.

8 preset filters and a programmable filter for custom sound
signature

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

Versatile digital audio input port

Customizable digital filter characteristics

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 Wireless Stereo Devices & Networked Audio

e DJ Equipment
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Functional Block Diagram
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ES9069 Package
32 QFN Pinout
(Pin 41 is QFN package pad, see package dimensions)
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Figure 2 - ES9069 Pinout
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32 QFN Pin Descriptions
Pin Name Pin Type | Reset State | Pin Description
3.3V DAC analog output stage reference supply for Channel 1.
1 | AVCC_DAC1 Power Power Requires an external 1uF decoupling capacitor to ground.
See Reference Schematic for details
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
3.3V DAC analog output stage reference supply for Channel 2.
8 | AVCC_DAC2 Power Power Requires an external 1uF Tantalum decoupling capacitor to
ground. See Reference Schematic for details
Digital Supply, 1.2V (Internally Supplied)
9 | DVDD Power Power Requires an external 1uF Tantalum decoupling capacitor to
ground. See Reference Schematic for details
3.3V digital regulator supply
10 | AVDD Power Power Requires an external 1uF decoupling capacitor to ground.
See Reference Schematic for details
11 | GND Ground Ground Device Ground
12 | DATA_CLK I HiZ Serial Data Clock pin
13 | DATA1 I HiZ Serial DATA1 pin
14 | DATA2 I HiZ Serial DATA2 pin
SCLK SPI Serial Clock pin, controlled by MODE
15 | SCL I HiZ 1>C Serial Clock pin, controlled by MODE
HWA1 Hardware 1 interface pin, controlled by MODE
MOSI SPI Main Out Sub In pin, controlled by MODE
16 | SDA I HiZ I?C Serial Data pin, controlled by MODE
HWO0 Hardware 0 interface pin, controlled by MODE
17 | RT1 110 HiZ Reserved. Must be connected to GND for normal operation.
18 | CHIP_EN I/0 HiZ Active-high Chip Enable
SS SPI Slave Select pin, controlled by MODE
19 | ADDR1 I HiZ 12C Address 1 pin, controlled by MODE
HW2 Hardware 2 interface pin, controlled by MODE
MISO SPI Main In Sub Out pin, controlled by MODE
20 | ADDRO I HiZ I>C Address 0 pin, controlled by MODE
MUTE_CTRL Hardware Mute Control pin, controlled by MODE
21 | GPIO1 I/0 Ground Automute Output, General I/O w/extended functions
22 | GPI02 110 Ground Lock Status Output, General I/O w/extended functions
23 | GPIO3 I/ HiZ General I/0 w/extended functions
24 | GPIO4 I/0 HiZ General I/0 w/extended functions
25 | GPIO5 I/ HiZ General I/0 w/extended functions
26 | GPIO6 I/0 HiZ General I/0 w/extended functions
27 | GPIO7 I/0 HiZ General I/0 w/extended functions
28 | GPIO8 10 gtresu rt% . Calibration Resistor & General I/O w/extended functions
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29 | MODE I/0 HiZ 12C/SPI Control selection or HW mode
30 | GND Ground Ground Device Ground
Analog Supply, 3.3V
31 | VCCA Power Power Requires an external 1uF decoupling capacitor to ground.
See Reference Schematic for details
32 | MCLK I/0 HiZ Oscillator input
33 | External PAD! - - External pad, connect to GND

Table 1-32 QFN Pin Descriptions

1 Pin 33 is the package pad. See 32 QFN package dimensions for sizing. Connect to GND.
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The ES9069 is a SABRE® 2 channel high performance digital to analog converter (DAC) with features and performance
including the new Hypersteam IV modulator that produced a very high-performance device that is well suited for a variety of
applications.

In addition to improved performance, the new ES9069 SABRE DAC now supports the TDM audio interface, SPI (or I?C)
control interface and hardware modes for simplifying device configuration.

TDM, I2S including LJ & RJ, DSD & DoP audio interfaces are supported.

Sample rates up to 768kHz (@ 64FS Mode) with PCM data with 2 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.

The ES9069 is a licensed and standard-compliant MQA native hardware renderer reducing the decoding demand on the
application processor to help recreate the natural sound of the recording.

Configuration Modes
The ES9069 has 4 control programming modes. They are controlled by the state of the MODE pin (Pin 29).

MODE PIN Configuration
0 I°C Interface
Pull Low HW control mode (see Hardware Mode Table)
Pull High HW control mode (see Hardware Mode Table)
1 SPI Interface
Table 2 - Mode Pin Configuration Options

Software Mode

The ES9069 supports I°C or SPI serial communication to configure registers. There are two types of registers, read/write
and read-only registers.

I>C
e MODE (Pin 29) - GND I>C Address ADDR1 ADDRO
e Connect per IC standard 0x90 GND GND
o SDA (Pin 16) 0x92 GND AVDD
o SCL (Pin 15) 0x94 AVDD GND
o ADDRO (Pin 20) 0x96 AVDD AVDD
ADDR1 (Pin 19) Table 3 - I)C Addresses
SPI
e MODE (Pin 29) - AVDD SPI Command | First Byte
e Connect per SPI standard Write 3
o MOSI (Pin 16) Read 1
o SCLK (Pin 15) Table 4 - SPI Commands
o SS(Pin19)
o MISO (Pin 20)
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Hardware Mode

The ES9069 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.

Note: All Synchronous hardware modes have Automatic FS (sample rate) detection enabled.

These modes are set with pins:
e MODE (Pin 29)
e HWO (Pin 16)
e HW1 (Pin 15)
e HW2 (Pin 19)
e MUTE_CTRL (Pin 20)

Each hardware mode pin has 4 states:
e (- Pindirectly connected to GND
e 1-Pindirectly connected to AVDD
e Pull 0 - Pin pulled to GND through 47kQ resistor
e Pull 1-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)

GPIO2 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:

GPIO5 Input e 1'b0: DoP disabled

e 1b1: DoP enabled
Note: Requires a PCM (I*S /LJ/TDM) HW mode to be selected
FIR filter selection:

e 1'b0: minimum phase (register default)

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

nput . .
more information

Table 5 - GPIO Function in Hardware Mode

GPIO6 Input
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Design Information

Each hardware mode pain 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 HWO and HW1 pins never require a pull up or pull-down resistor.

Pull-up

AVDD or GPIO

47kQ

HW2/
MODE

Pull-down
HW2/
MODE
47kQ
GND or GPIO

Figure 3 - 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 6 - Mute Control for HW Mode Configuration

Note: Automute in Hardware Mode will use the Software Mode Register defaults for Automute Time, Level and Off Level.
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Hardware Mode Pin Configuration

The following table shows the available hardware modes for the ES9069. All Synchronous Hardware modes (HW) have

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

HW# | Description | FS[kHz] | BCK[MHz] | MCLK[MHz] | MODE | HW2 | HW1 | HWO
32-bit PCM Master Modes
0 IS Master MCLK/128 “{'&LF’g)z MOLEIOTS T puto | 0 | 0 | o
: IS Master MCLK/256 “{'&LF@;‘ MO 29T Lputo | 0 | 0 |
2 1S Master MCLK/512 '\(/'604LFKS’)8 MODolrS Lpito | 0 | 1| o
3 1S Master MCLK/1024 '\"(gklfgf e ™ [ pullo | 0 | 1| 1
4 LJ Master Mode | MCLK/128 '\('ESC“LF*;’)Z MOLEI20TS | puto [Puto | o | o
5 L) Master Mode | MCLK/256 “{'&LF’E’;‘ MOLESZORS | puto [ Puto | o | 1
6 L) Master Mode | MCLK/512 '\{'&LF’gf MO 2FS | puto | Puio | 1| o0
7 LJ Master Mode | MCLK/1024 '\"(gkl’fgf e o | Pull [P0 | 1 | 1
32-bit PCM Slave Modes, SYNC
8 | IS Slave, SYNC, MCLK/1 | 8<FS<768 |  64FS DTS L puno [ putt | 0 | 0
9 | IS Slave, SYNC, MCLK/2 | 8<FS<384 | 64FS 18T SN | puno | Puit | 0 |
10 | 'S Slave, SYNC, MCLK/4 | 8<FS<192 | 64FS 20T S | puno [ punt | 1| o
11 Autolzcslosgfvc?éasrm%sFS) 8<FS<384 64FS 64:4%51'\{'53“ Pul O [Pull1| 1 | 1
12 | LU Slave, SYNC, MCLK/1 | 8<FS<768 |  64FS Tt Tpao | 1 [ o | 0
13 | LU Slave, SYNC, MCLK/2 | 8<FS<384 |  64FS P o | 1 o |
14 | L) Slave, SYNC, MCLK/4 | 8<FS<192 |  64FS 256;Zgﬁ'\5"2CLK Paio | 1 | 1 | o
15| puto Clook Gonr' 'EI%8FS) B<FS<3nd | B4FS N eise PO 11|

Table 7 - Hardware Mode Pin Configurations Pt1

1 ACG (Auto Clock Gearing) is enabled, it will normally gear the MCLK down to >=128*FS in SYNC, >130*FS in ASYNC, or

2*DSDCLK in DSD modes.
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16



VERSION 0.2.3

\ E“EI
||
ES9069 Product Datasheet "6 2 B )
HW# | Description | FS[kHz] | BCK[MHz] | MCLK[MHz] | MODE | HW2 | HW1 | HWO0
32-bit PCM Slave Modes & S/PDIF, ASYNC
SIPDIF', S Slave, DoP? 130*FSSMCLK
16 ASYNG ML K 8<FS<384 64FS po Pull 1 0| o
SIPDIFY, S Slave, DoP2 260*FS<MCLK
17 ASYNG MLk | B<FS<192 64FS 0 Pull 1 0 | 1
SIPDIF', IS Slave, DoP? 520 FS<MCLK
18 ASYNG ML 8<FS<06 64FS 0 Pull 1 1] o
I2S Slave, ASYNC, 130°FS<SMCLK
19| Auto Clock Gear® (>130Fg) | 8<FS<384 | 64FS <50 Pul’ 1]
20 |LJ Slave, ASYNC, MCLK/1 | 8<FS<384 | 64FS FOFS=MCLK  puit | puro | 0 | 0
21 | LJ Slave, ASYNC, MCLK/2 | 8<F$<192 64FS 260 FS’EOMCLK Pult | Pulo | 0 | 1
22 |LJ Slave, ASYNC, MCLK/4 | 8<FS<96 64FS 520 F<S550MCLK Pul1 | PUlo | 1 | 0
LJ Slave, ASYNC, 130°FS<MCLK
23 | uto Clock Gears (»130Fg)| E<FS<%84 64FS 0 Pul1 | PUllo | 1 | 1
DSD & TDM LJ Slave Modes
24 |DSD Slave SYNC, MCLK/1| BCK/64 | DSD4-512 64525515'\5"83“ Pul1 | Pul1| 0 | 0
DSD Slave SYNC, 64°FS < MCLK
25 | puto Glock Gears (126Fs)| BCKIB4 | DSDBAS12 ustses | PUlT | PulT | O |
DSD Slave ASYNC, 130°FS < MCLK <
26 LK BCK/64 | DSD64-512 5 Pul1 | Pul1 | 1 | 0
DSD Slave ASYNC, .
27 Auto Clock Gear® BCKiG4 | DsDe4s12 |10 FS§0MCLKS Pult | Pull1 | 1 | 1
(>130*FS)
Auto (64FS
4 ’ *
2 | poodetent Son g 3, | B<FS<T68 | 12888 256Fs, | X TISERC | pui 0 | o
’ 512FS, 1024FS) | =7
Auto (128FS
4 ’ *
g9 | TOMiLISlave SYNC, | g rooaas | o56Fs, 512Fs, | 128 FSSMCLK 1 p 0 | 1
Autodetect (Slots 3, 4) 1024FS) <49.152
TDM# LJ Slave SYNC, Auto (256FS, | 256*FSSMCLK
30| Autodetect (Slots 5,6) | S o192 | 519FS 1004FS)|  <49.152 Pul’ 110
TDM¢ LJ Slave SYNC, Auto (256FS, | 256*FSSMCLK
31| Autodetect (Slots 7,8) | 85192 | 510Fs 1004Fs) | <d9.152 Pul' 1]

Note: MQA Rendering is not available in HW Mode.

Table 8 - Hardware Mode Pin Configurations Pt2

' For S/PDIF in HW mode, GPI04 is the S/PDIF stream input. The ES9069 must be reset (CHIP_EN) when changing to and
from S/PDIF.
2 To enable DoP in HW mode, GPIO5 Pin must be high
3 ACG (Auto Clock Gearing) is enabled, it will normally gear the MCLK down to >=128*FS in SYNC, >130*FS in ASYNC, or
2*DSDCLK in DSD modes.
4 TDM uses auto channel detect to determine the number of channels.
ESS TECHNOLOGY, INC. 109 Bonaventura Drive, San Jose, CA 95134, USA Tel (408) 643-8800 + WWW.ESSTECH.COM
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Recommended Hardware Mode Setup Sequence
The hardware mode setup sequence is shown below with all hardware pins 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

A

MUTE_CTRL

- J\/\/\]\/\/\/\/\[\N

Figure 4 - Hardware Mode Startup Sequence

ESS TECHNOLOGY, INC. 109 Bonaventura Drive, San Jose, CA 95134, USA Tel (408) 643-8800 » WWW.ESSTECH.COM 18



VERSION 0.2.3

\ | | | |
ES9069 Product Datasheet '.'.‘5]’5)
Digital Features

See Recommended Operating Conditions for additional information.

Digital Signal Path

SABRE DAC DIGITAL PATH

DSD FIR with

»
DSD/DoP > VoL
8x interpolation IR Noise Shaped
=

. . —
TDM/PCM Oversampling Filter THD SRC —p» Modulators

MQA Comp Filter (NSMOD)
PCM Volume Bypass

=  Control & 2x FIR 4x FIR
Automute T

\J

SPDIF
(ASYNC)

\ 4

Bypass Bypass

Figure 5 - Digital Signal Path

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 with the below equation using the respective DAC_VOL_RATE_UP/DOWN/FAST. The Vol Step Rate is a linear
step size from the current volume to a target volume represented as a fraction of full-scale per second.
DAC_VOL_RATE - FS

212
Muting the DAC output can be accomplished by DAC_MUTE_CHx from Register 86.

Vol Step Rate [inc/s] =

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
e Register 84: DAC_VOL_RATE_DOWN_FAST
e Register 89[4]: VOLUME_HOLD
e Register 124-125[11]: MUTE_RAMP_TO_GROUND
e Register 130[4:0]: SOFT_RAMP_TIME

Volume control is available for PCM (IS , LJ, RJ, TDM), DoP (DSD over PCM), DSD, and MQA. There is separate control
for each channel. With Register 34[7] MONO_MODE = 1’b1, all the volume controls will follow those of channel 1.

The ES9069s DAC Output can be ramped to ground during a mute condition for power saving. This is enabled by default
and can be configured with MUTE_RAMP_TO_GROUND and SOFT_RAMP_TIME. The automute and soft ramp status
flags can be output through a GPIO, see GPIO Configuration Descriptions for more information.
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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. The Automute thresholds and times in HW mode follow the default SW mode values.

In SW mode automute is enabled by default and can be disabled on each channel individually through Register 123
AUTOMUTE ENABLE.

When Automute engages, the Error! Reference source not found. block will lower the volume until it's muted according to D
AC_VOL_RATE_DOWN. When it disengages it will raise the volume back to normal according to DAC_VOL_RATE_UP.
During an abnormal mute condition (an invalid BCK/WS ratio) it will lower the volume at a different rate according to
DAC_VOL_RATE_FAST (default is the fastest at 8'hFF). For more information on those registers see the Error! Reference s
ource not found. section.

The thresholds that engage and disengage automute can be configured through the AUTOMUTE LEVEL and AUTOMUTE
OFF LEVEL registers. Automute will engage or disengage when any one of the following conditions are met:

Mode Detection Condition

Data is lower than automute_level for longer than the
automute_time.

Date is at a constant DC level for longer than
automute_time.

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

DSD data contains all 1’s or s in 8 consecutive bits
of data, for longer than automute_time.

Table 9 - Automute Detection Conditions

_ 2718
Automute Timels| = o MUTE TIME » FS)

PCM

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
e Register 57[6] ENABLE_DSD_FAULT_DETECTION - Sets data to a DSD mute pattern (0x96) if the DSD data has
no changes in 64 DATA_CLKs.
e 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
e Register 62[0]: DISABLE_PCM_IC - Disables the PCM automute condition for a constant DC level

See next page for example diagrams of Automute Engaging and Disengaging, with and without Mute Ramp to Ground
enabled.
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AUTO_M UTE_LEVEL [dB] ....................... s

DIGITAL LEVEL =

Automute Time [s] :

ANALOG OUT

MUTE_RAMP_TO_GROUND = 1'b0

. Vol Ramp Down

ANALOG OUT

MUTE_RAMP_TO_GROUND = 1'b1

<
Softramp Time [s]

Figure 6 - Automute Engaging

AUTO_MUTE_OFF_LEVEL [dB] [-+++--vveveveeeronrae :

DIGITAL LEVEL =

Automute Time [s]

ANALOG OUT

MUTE_RAMP_TO_GROUND = 1'b0

: Vol Ram\p Up

ANALOG OUT

MUTE_RAMP_TO_GROUND = 1'b1

Softramp Time [s]

Figure 7 - Automute Disengaging
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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.

THD Compensation

The ES9069 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:

.

input = x > @ »
l THD_C2 output = x + ¢2*x% + c3*°
X2 + /
-—-——>® ' @
l THD_C3

3 v
e OO

Figure 8 - THD Compensation Block Diagram

THD Compensation Coefficient Registers
e 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
e Registers 110-109: THD_C3_CH2 THD Compensation for C3 for Channel 2
e Registers 108-107: THD_C3_CH1 THD Compensation for C3 for Channel 1

Note: Coefficients are 16-bit signed values

IIR Filter
The IIR filter in the ES9069 can be bypassed by using Register 90[2]: [IR_BYPASS.

The bandwidth of the filter is controlled by Register 89[2:0]: IIR_BW
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GPIO Software Configuration

Each GPIO from 1 to 8 has 14 configurable modes (mode 8 & 15 are reserved). The table below shows the available
configurations. See GPIO pin descriptions for Hardware and Software mode setups.

e Funcion | U/ | Gpioq | GPIO2 | GPIO3 | GPIO4 | GPIOS | GPIOG | GPIO7 | GPIOS
_CFG Output
, Analog
4'd0 Shutdown Output Shutdown
4'd1 Output 0 Output Output 0
4'd2 Output 1 Output Output 1
4'd3 Clocks Outout CLKEN CLK CLK CLK | CLKEN CLK CLK CLK
P _1FS _BCK | _DAC | _IDAC | _1FS _BCK | _DAC | _IDAC
4'd4 Interrupt Output OR of all interrupts
4'd5 Mute Input Mute all channels
4'd6 System Mode Input See System mode control section
Control
: SRC Lock
4d7 Status Output src_locked flag
4'd8 - - Reserved
4'd9 PWM1 Signal | Output PWM1 signal
4'd10 PWM2 Signal | Output PWM2 signal
4'd11 PWM3 Signal | Output PWM3 signal
: Minimum .
4'd12 Volume' Output vol_min flag
: Automute
4'd13 Status? Output dac_automute flag
: Soft Ramp
4'd14 Done? Output dac_ss_ramp flag
: MQA
4d15 Authentification Output mqa_auth_true flag

Table 10 - GPIO Configuration Function

1 Can be bitwise ANDed, ORed, or a specifical channel output; based on the values of Registers 46-47[6:0].
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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 GPIlO4: 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 Register 10-21 for interrupt descriptions.

Mute
Mute all DAC channels.

System Mode Control
Works with Registers 46-47[15]: GPIO_DAC_MODE

When any GPIOx_CFG = 4’b6 (system mode control):
e 1'b0: Disable datapath when GPIOx input is 1'b1
e 1'b1: Enable datapath when GPIOx input is 1'b1

When GPIOx input is 1’00, 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.
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PWM Signals
Outputs 1 of 3 PWM signals. Frequency and duty cycle on the PWM signals can be calculated with the following equations:
(Hz] = SYS CLK
JrequencylHz) = o P REQ + 1

PWM#_COUNT
PWM#_FREQ + 1

Duty Cycle[%] = ( )xlOO

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: loss 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 is 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.

Register 46-47[3]: GPIO_OR_AUTOMUTE set the GPIO output to be the logical OR of all channel DAC_AUTOMUTE flags.

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 ES9069 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.
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.

MQA Authentication
MQA_Auth_True flag output. Will be 1’b1 when the MQA decoder detects an authorized MQA stream.
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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 = 1'01, GPIO3 can ONLY
GPIO3 No hardware mode connection be used as an output for daisy chain delayed data line.

If TDM_DAISY_CHAIN = 1'b0, GPIO3 can then be used as a
GPIO.

Regular GPIO.

S/PDIF input pin, requires HW
modes 16-18.

DoP input enable, requires HW
modes 0-23, 28-31

FIR filter selection,

1’b0: Filter 0, Minimum phase
(register default),

1’b1: Filter 2, Linear phase fast
roll-off.

Requires HW modes 0-23, 28-31.
GPIO7 Connect to Ground* Regular GPIO.

GPIO8 CAL_RES (calibration resistor) CAL_RES, disable to use as regular GPIO.

GPI104

GPIO5 Regular GPIO.

GPIO6 Regular GPIO.

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

The ES9069 supports multiple serial input data formats. Input format is selected either through Hardware Mode or Software
Mode (Register 1:SYS MODE CONFIG).

The ES9069 can automatically determine the input data format by enabling Register 57[0]: 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
Register 57[2:1]: INPUT_SEL.

For Hardware Mode see hardware mode for inputs.

The formats include:

e PCM
o Slave and master mode in 16, 24, and 32-bit widths
o IS, 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 input in HW mode (HW modes 16-18) using GPI04
e MQA
o Built In MQA Renderer
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PCM (IS, LJ, RJ)

Data is organized into 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 1°’S BCLK 1S Clock (Bit Clock), Master or Slave
DATA1 [’S WS 12S WS (Word Select/Frame Select), Master or Slave
DATA2 1°S DATA 1S Data
Table 11 - PCM Pin Connections
ws 4 |

BCLK | | | 16BCLK

;

DATA [i514i3 AEINIEEE

2101511413

IMSB LSB MSB

LsB

WS-':}' \

BCLK| | 16BCLK

.

DATA [0i5713 RNETE

2[1]0[15[14]13

MSB L3B MSB i
I
I
ws 3 | |

I : :

BCLK | 32BCLK Bl — HIHE— sesewx
1 : :

DATA 313029 170[3130]29 1]0[3130[29 |
NSB LSB MsB LSB

DATA [Bz2 21 o[- T-[-[-[-[-[- - [2322]21 10 -[-[-[-[-[-]- [2322]21 |
MSB LS8 MSB LSB

WS}

BCLK |

32BCLK % 32BCLK %32?@%

DATA [0[3730]29

170[3130[28 1]0[3130[29 \
1 MSB LS8 MSB LS8
DATA [0[2322]21 1o]-T-[-[-[-[-]-]- [3722 21 o[- T-[-[-[-[-- [2322]21 |
MSB LSB MS8 LSB

Figure 9 - LJ & I?S 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 ES9069 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 (16¢chx32bit) and TDM1024 (32chx32bit). In this mode, Registers 64[4:0] & 65[4:0]
PCM_CHx_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 Connection (default configuration)

Pin Name Function Description

DATA_CLK TDM BCLK TDM Clock, Master or Slave

DATA1 TDM WS TDM WS (Word Select/Frame Select), Master or Slave
DATA2 TDM DATA TDM DATA

Table 12 - TDM Pin Connections

WS

pulse subframe 50/50

BCLK MM 3zacu<—>| < 230 | < 80K | < 32BK —| < wmox »|

DATA [ st | sz [ sos | sos [ sot1 |
DATA [ sot [ saz [ so3 | sots | st |

Figure 10 - TDM128 Mode

ws L L - L L
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BCLK ‘ 32BCLK

>| = 32BCLK —~ ‘— JZECLK-|' JZBCLK—|’3ZBCLK —|'3ZBCLK -" 32BCLK~ ‘ - 328CLK —~ "EZECLK -

DATA | sott | soz | sot3 | sots | sot5 | Sot6 | sot7 | Sots | Sot1 |

Figure 11 - TDM256 Mode
wl [ - - - - - - ] [

pulse subframe 50/50

| | |
BCLK “ 328CLK - ‘~ 32BCLK - |+ 32BCLK - |+ 32BCLK - “ 32BCLK - [~ 328CLK - I 32BCLK - ‘~ 32BCLK - |~ 3ZBCLK>“ 2BCLK - |~ 32BLK ,‘ - 32ECLK>“ 323&»(-“ 328CLK - |~ 32BCLK - |~ 328CLK |~ 328CLK - |« 32BCLK~

DATA | Siot1 | Shot2 | Sot3 | Siote | Siot5 | Siot6 | Siot7 | Siot8 | Slot9 | Slot 10| Siot 1] Siot 12 siot 13 | Siot 14 [ Slot 15| Siot 16| Slot 1 | Siot2

Figure 12 - TDM512 Mode
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Figure 13 - TDM1024 Mode
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DSD

ES9069 supports Native DSD both in synchronous and asynchronous modes. DSD format requires a DSD clock, and each
data channel requires its own independent DSD data line.

The ES9069s DSD channels can be routed to each DAC by changing the respective channels DSD pin source. The pins
can be chosen from DATA1, DATAZ2 or the GPIO input pins using:

e Register 64[7:5]: DSD_CH1_SOURCE, DATA1 (default)

e Register 65[7:5]: DSD_CH2_SOURCE, DATA2 (default)

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 13 - 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 ES9069 will then automute
to the proper DSD mute pattern.

R nnnunnnupnnnannnEnnhnnnhpnnh Ui nuinn g

oso1 pippdp4 LI LI LI L L L L L L L L L L L L L L L L L L L L LT LTI T
pso2 piopdd LI LI LI LI LI L L L L L L L L L L L L L L L L L LTI TI.T]

1bit

DSDFORMAT

Figure 14 - DSD Format, 1-bit Stream
S/IPDIF

S/PDIF is supported in asynchronous mode only.

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

Table 14 - S/PDIF Pin Connections
S/PDIF is transmitted over a single signal line sing dual phase encoded data, which allows for clock extraction from the data

signal line.
The ES9069 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 mode 16-18
o S/PDIF unput 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
= |faGPIOis 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: 2 Channel | Reserved 0: No-Preemph | 0: CopyRight 0: Audio 0: Consumer
1: 4 Channel 1: Preemph 1: Non-CopyRight | 1: Data 1: Professional
1 Category Code
0x00: General
0x01: Laser-Optical
0x02: DVD 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 0x7:7
0x8: H 0x8: 8
0x9: 1 0x9: 9
0xA: J 0xA: 10
0xB: K 0xB: 11
0xC: L 0xC: 12
0xD: M 0xD: 13
OxE: N OxE: 14
0xD: O 0xD: 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 0x3: 32k
shifted 0x4: 22.05k
0x6: 24k
0x8: 88.2k
OxA: 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 20 bits
000 = Not Indicated 000 = Not Indicated 1: Max 24 bits
100 = 19 bits 100 = 23 bits
010 = 18 bits 010 = 22 bits
110 = 17 bits 110 = 21 bits
001 = 16 bits 001 =20 bits
101 = 20 bits 101 = 24 hits
5-23 Reserved
Table 15 - 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 | 0: Locked 000: Emphasis not Indicated 1: Non-Audio | 1:
4) 1: Unlocked 001: No Emphasis Professional
10: 48kHz 011: CD-Type Emphasis
01: 44.1kHz 111: J-17 Emphasis
11: 32kHz
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 = 20 bits If Max = 24 bits 000: Not Defined, Audio Max 20 bits
10: -20dBFS 000 = Not Indicated 000 = Not Indicated 100: Used for Main Audio, Max 24 bits
01: -18.06dBFS 100 = 19 bits 100 = 23 bits 010: Used for Coord, Audio Max 20 bits
010 = 18 bits 010 = 22 bits 110: Reserved
110 = 17 bits 110 = 21 bits
001 =16 bits 001 = 20 bits
101 = 20 bits 101 = 24 bits
3 Channel Identification:
If bit 7 = 0 then channel number is 1 plus the numeric value of bits 0-6 (bit reserved).
If bit 7 = 1 then bits 4-6 define a multichannel mode and bits 0-3 (bit reserved) give the channel number within that mode.
4 FS Scaling: Sample Frequency (FS): Reserved DARS (Digital Audio
0: No Scaling | 0000: Not Indicated Reference Signal)
1: Apply 0001: 24kHz 00: Not a DARS
Factor of 0010: 96kHz 01: DARS Grade 2 (+10ppm)
1/1.001 to 1001: 22.05kHz 10: DARS Grade 1 (£1ppm)
Value 1010: 88.2kHz 11: Reserved
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 Simple Address Code: 32-bit Binary Number Representing the Sample Count of the First Sample of the Channel Status Block
18-21 Time of Dat Code: 32-bit Binary Number Representing the Time of Source Encoding in Sample 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 16 - S/PDIF Channel Status - Professional Configuration
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MQA Renderer
The ES9069 is a licensed MQA hardware renderer.

The MQA renderer is only available in Software (SW) Mode and can be enabled or disabled using Register 141 MQA
CONFIG 1
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Digital Filters

The ES9069 has 8 pre-programmed digital filters. The latency for each filter reduces (scales) with increasing sample rates.
(See Register 88[2:0] FILTER_SHAPE for configuration)

# | Filter Description
0 | Minimum Phase (default Vgrspn 2 of minimum phase fast roll-off (#6) with less ripple and more image
rejection
1 Linear Phase Apodizing Fast Full image rejection by FS/2 to avoid any aliasing, with smooth roll-off
Roll-Off starting before 20k.
2 | Linear Phase Fast Roll-Off Sabre legacy filter, optimized for image rejection @ 0.55FS
Linear Phase Fast Roll-Off , _ . .
3 Low-Ripple Sabre legacy filter, optimized for in-band ripple
4 | Linear Phase Slow Roll-Off Sabre legacy filter, optimized for lower latency, but symmetric impulse
response
5 | Minimum Phase Fast Roll-Off I605v\é lI:aS’[ency, minimal pre ringing and low passband ripple, image rejection @
6 | Minimum Phase Slow Roll-Off | Lowest latency at the cost of image rejection
7 | Minimum Phase Slow Roll-Off Prowdes anice bqlance of the !ow Iaten(.:y.of m|n|ml.Jmlphqse filters and the
. ) low dispersion of linear phase filters. Minimal pre-ringing is added to
Low Dispersion , : - ,
achieve the low dispersion in the audio band.

Table 17 - Pre-Programmed Digital Filter Descriptions

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

The ES9069 has an 8x interpolation oversampling FIT filter 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
IR 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 I?S , LJ or RJ format.

The addresses for the two filters are:
e 2x FIR, Address 0x00 - 0x7F (0 - 127), 128 coefficients
e 4x FIR, Address 0x80 - Ox9F (128 - 159), 32 coefficients

To program the filters, the following registers are required:

e Register 135: PROGRAM RAM CONTROL
o [1]PROG_COEFF_WE
= Enables writing to the programable coefficient RAM
o [0]PROG_COEFF_EN
= Use the built-in filters or custom filter
e Register 137: PROGRAM RAM ADDRESS
o [7]PROG_COEFF_STAGE
= Choose which FIT 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
e Register 140-138: PROGRAM RAW DATA
o 24-bit signed filter coefficient to the address defined by PROG_COEFF_ADDR
e 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 137 0 /I RAM Address = 0, 2x stage

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

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

Write Reg 1350x02  // Write 24 bit coefficient to RAM

Write Reg 135 0x00  // Reset write enable

Repeat for all 4x and 2x coefficient addresses.

An application note the programming sequence and sample code is available from your ESS Distributor or FAE.
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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 to get the data encoded accounts for the external processing time to

serialize the data stream.

T Delay(us) @
Digital Filter ES = 44.1kHz
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 - PCM Filter Latency
PCM Filter Properties
Minimum Phase
Parameter Conditions MIN TYP MAX UNIT
Pass band 0.45FS Hz
Stop band -96dB 0.55FS Hz
Group Delay 2.91/FS 9.01/FS S
Flatness (ripple) 0.0012 dB
Linear Phase Apodizing
Parameter Conditions MIN TYP MAX UNIT
Pass band 0.41FS Hz
Stop band -107dB 0.50FS Hz
Group Delay 32.81/FS S
Flatness (ripple) 0.0027 dB
Linear Phase Fast Roll-off
Parameter Conditions MIN TYP MAX UNIT
Pass band 0.45FS Hz
Stop band -115dB 0.55FS Hz
Group Delay 33.43/FS S
Flatness (ripple) 0.0031 dB
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Linear Phase Fast Roll-off Low Ripple
Parameter Conditions MIN TYP MAX UNIT
Pass band 0.46FS Hz
Stop band -97dB 0.55FS Hz
Group Delay 31.37/FS S
Flatness (ripple) 0.0012 dB
Linear Phase Slow Roll-off
Parameter Conditions MIN TYP MAX UNIT
Pass band -3dB 0.44FS Hz
Stop band -90dB 0.75FS Hz
Group Delay 5.87/FS S
Flatness (ripple) dB
Minimum Phase Fast Roll-off
Parameter Conditions MIN TYP MAX UNIT
Pass band 0.46FS Hz
Stop band -99dB 0.55FS Hz
Group Delay 2.91/FS 9.14/FS S
Flatness (ripple) 0.0023 dB
Minimum Phase Slow Roll-off
Parameter Conditions MIN TYP MAX UNIT
Pass band -3dB 0.43FS Hz
Stop band -91dB 0.80FS Hz
Group Delay 2.08/FS 3.56/FS S
Flatness (ripple) dB
Minimum Phase Slow Roll-off Low Dispersion
Parameter Conditions MIN TYP MAX UNIT
Pass band -3dB 0.43FS Hz
Stop band -90dB 0.80FS Hz
Group Delay 9.23/FS 9.75/FS S
Flatness (ripple) dB

37

Table 19 - PCM Filter Properties
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PCM Filter Frequency Response

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

44 .1kHz.

Filter

Frequency Response
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Frequency Response at FS = 44.1 kHz
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Frequency Response at FS = 44.1 kHz
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Frequency Response at FS = 44.1 kHz
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Table 20 - PCM Filter Frequency Response
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PCM Filter Impulse Response

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

serialize the data stream.

Filter Impulse Response
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Table 21 - PCM Filter Impulse Response
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64FS Mode

When 64FS (MCLK/FS ratio) is required, it is necessary for the ES9069 to be running in 64FS Mode. 64FS Mode can be
manually entered by setting ENABLE_64FS_MODE to 1'b1, overriding the AUTO_FS_DETECT logic.

If using automatic sample rate detection with AUTO_FS_DETECT, 64FS Mode can be automatically accessed, unless
AUTO_FS_DETECT_BLOCK_64FS is set to 1'b1.

Software Registers

o Register 0[6] ENABLE_64FS_MODE
o Use for 64FS ratios, including 705.6/768kHz sample rates
e Register 3[7] AUTO_FS_DETECT
o 1'b0: Manually set sample rate with Register 1[6:0]
o 1b1: Automatically determine the sample rate (default)
e Register 5[0] AUTO_FS_DETECT_BLOCK_64FS
o 1'b0: Allows AUTO_FS_DETECT to enter 64FS Mode (default)
o 1b1:Blocks AUTO_FS_DETECT from entering 64FS mode
This mode enables the Minimum Phase 64FS filter. See filter properties.

Minimum Phase 64FS Mode Latency

The following table shows the simulated latency at 705.6kHz sampling rate and is scaled at 768kHz. The measurement was
taken from the external impulse response. The extra sample delay to get the data encoded accounts for external processing
time to serialize the data stream. Latency delay will reduce (scale) with sampling rate.

- Delay(us) @
Digital Filter ES = 705.6 kHz
Minimum Phase Double Rate 8us

Table 22 - Minimum Phase 64FS Latency
Minimum Phase 64FS Properties

Minimum Phase 64FS Mode
Parameter Conditions MIN TYP MAX UNIT
Pass band -3dB 0.45FS Hz
Stop band -61dB 0.68FS Hz
Group Delay 1.99/FS 2.35/FS S
Flatness (ripple) dB

Table 23 - Minimum Phase 64FS Properties
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Minimum Phase 64FS Frequency Response

This filter gets selected automatically when MCLK/FS = 64. The following frequency response was obtained from software
simulations with a sample rate of 705.6kHz.
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Figure 15 - Minimum Phase 64FS Frequency Response

Minimum Phase 64FS Impulse Response

The following impulse response was obtained from software simulations. It was measured from the external impulse
response. The extra sample delay to get the data encoded accounts for external processing time to serialize the data

stream.

Impulse Response

0.5 ||

Amplitude

15 30 45 80
Samples of Fs

Figure 16 - Minimum Phase 64FS Impulse Response
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TDM Parallel Mode

In TDM modes, several ES9069 can be used in parallel to increase the number of channels. Each ES9069 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
1>S TDM format.

ES9039Q2M #1

—>OMCLK
TDM Transmitter DATA_CLK
DATAL
TDM DATA i >0 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

=) MCLK

L—() DATA_CLK
L0 DATAL

>0 DATA2

Figure 17 - TDM Connection of Several ES9069 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
e Register 59[4:0]: TMD_CH_NUM
o Orusing Register 57[7]: AUTO_CH_DETECT
e Register 64-65[4:0]: PCM_CHx_SLOT_SEL, sets the TDM slots for each device
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TDM Daisy Chain Mode
ES9039Q2M #1
—»OMCLK
TDM Transmitter DATA_CLK
DATA1
TDM DATAi DaTaz  DATA OUTIGRIO3)
MCLK
ES9039Q2M #2
DATA_CLK (BIT CLOCK)¢ L Smcik DATAZ
DATA1 (FRAME CLOCK)c DATA_CLK
DATA1
DATA OUT(GPIO3)

ES9039Q2M #3

> (O MCLK
DATA2

> DATA_CLK
>() DATAL
DATA OUT(GPIO3)

ES9039Q2M +#4

—)—& MCLK |
DATA2

L——() DATA_CLK
> () DATA1

Figure 18 - TDM Connection of Several ES9069 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 64-65[4:0): PCM_CHx_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 is available from or your local ESS FAE distributor.
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Analog Features

Calibration Resistor

The ES9069 features a ~50kQ 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. The calibration resistor is accessible through GPIO8 (Pin 28) and terminated to ground as shown in the
below figure.

To calibrate the AVCC_DAC1 and AVCC_DAC?2 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.

The ultra low noise ESS ES9312 voltage regulator features a calibration mode that can be paired with the ES9069
AVCC_DAC1 and AVCC_DAC?2 supplies. The ES9312 connects to the ES9069 integrated calibration resistor, on GPIO8,
and adjusts the DAC output supplies to maintain a tighter distribution on the output level. See Recommended Power Supply
for connections.

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).

VDD
=1 A
0o > ESD
GPIO8
| O @
Calibration
PU/PD O fw IESD HResistor
Normally
Closed

GND GND  syitch

Figure 19 - GPIO8 Digital I/O with Calibration Resistor

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



VERSION 0.2.3

\ I‘ | |
':-ELS’ ES9069 Product Datasheet
Mono Mode

To improve performance, the stereo DACs inside the ES9039Q2M can be used together to make a mono output, then
combined with other devices to implement more channels. In the example with 2 devices, a dual mono solution can be
implemented offering over 133dB A-weighted of True DNR.

To combine the channels at the outputs, the DACs should be processing the same data, by data Register 64 - CH1 SLOT
CONFIG and Register 65 - CH2 SLOT CONFIG. These registers can be used to map any PCM/TDM input, or DSD input
line to be mapped to both DACs to combine the outputs into a single channel.

ES9039Q2M  Output Stages

DACT >
DAC1B /

DAC2 >
DAC2B / """"""""

ES9039Q2M  Output Stages

DAC1
DAC1B

DAC2
DAC2B

Figure 20 - Mono Mode Output Summation (non S/PDIF)

Note, for S/PDIF input formats, there is no ability to map the input channels to the different DACs, in this case to implement
a dual mono solution, DAC1 of both chips would have to be connected, and DAC2 of both chips would have to connected.

ES9039Q2M Output Stages

DAC1 p
DAC1B /

DAC2 >
DAC2B / ...........
ES9039Q2M Output Stages
DACT .

DAC1B /

DAC2
DAC2B

Figure 21 - Mono Mode Output Summation (S/PDIF)
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Absolute Maximum Ratings

PARAMETER RATING

Positive Supply Voltage
e AVCC_DAC1 o -0.3Vto +3.8V with respect to Ground
e AVCC_DAC2 e -0.3Vto +3.8 V with respect to Ground
e AVDD e -0.3Vto +3.7 V with respect to Ground
e VCCA e -0.3Vto +3.7 V with respect to Ground
» DVDD o 0.3V to+1.4 V 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 24 - 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/O Electrical Characteristics

PARAMETER SYMBOL MINIMUM MAXIMUM UNIT
High-Level Input Voltage VIH (AVDD/2)+0.4 V
Low-Level Input Voltage VIL 04 \Y
High-Level Output Voltage VOH AVDD - 0.2 V
Low-Level Output Voltage VOL 0.2 \%

Table 25 - I/O Electrical Characteristics

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



VERSION 0.2.3

\ \ | | |
':-‘EL‘S' ES9069 Product Datasheet

Recommended Operating Conditions

These are the recommended operating conditions for the ES9069.

PARAMETER SYMBOL CONDITIONS
Operating Temperature Ta -20°C to +85 °C
AVCC_DACT1 3.3V +15%
AVCC_DAC2 3.3V £15%
AVDD 3.3V +5%
VCCA 3.3V £5%
DVDD Internal 1.2V

Table 26 - Recommended Operating Conditions

Notes:
1. AVCC_DAC1/2 can change up to £15% when using the ES9312Q Voltage Regulator in Calibration Mode. The
output voltage will change as the DAC'’s output impedance changes. See ES9312Q Datasheet for more information.

Recommended Power Up/Down Sequence

The recommended power up sequence for the ES9069, the AVDD supply is enabled ~200us before VCCA. Finally enable
AVCC_DAC1/2 then the chip can be enabled.

AVDD [

VCCA /
AVCC_DAC1 /
AVCC_DAC2 /

CHIP_EN /

Figure 22 - Recommended Power Up Sequence

On power down, after CHIP_EN is disabled, AVCC_DAC1/2 are disabled, followed by VCCA, then finally AVDD.

CHIP_EN \
AVCC_DAC1 \
AVCC_DAC2 \

VCCA \
AVDD \

Figure 23 - Recommended Power Down Sequence
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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.

53

Parameter | Min [ Typ. | Max | Unit
Hardware Mode: 11 (Slave mode with ACG (128*FS), MCLK = 49.152MHz)
AVCC_DACT1 5.9 mA
AVCC_DAC2 5.9 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_DACT1 6.8 mA
AVCC_DAC2 6.8 mA
VCCA 0.5 mA
AVDD 94 mA
Power Consumption 78 mW
Hardware Mode: 1 (Master mode with MCLK = 12.288MHz, FS=MCLK/256)
AVCC_DACT1 6.2 mA
AVCC_DAC2 6.2 mA
VCCA 0.22 mA
AVDD 6.9 mA
Power Consumption 64 mW

Table 27 - Power Consumption with Test Conditions 1

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



85

VERSION 0.2.3

ES9069 Product Datasheet

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_DACT1 0.8 mA
AVCC_DAC2 0.8 mA
VCCA 0.4 mA
AVDD 24 mA
Power Consumption 15 mW
Hardware Mode: 2 (Master mode with MCLK = 24.576MHz, FS=MCLK/512)
AVCC_DAC1 1.5 mA
AVCC_DAC2 1.5 mA
VCCA 0.44 mA
AVDD 6.9 mA
Power Consumption 34 mW
Hardware Mode: 1 (Master mode with MCLK = 12.288MHz, FS=MCLK/256)
AVCC_DAC1 1.0 mA
AVCC_DAC2 1.0 mA
VCCA 0.2 mA
AVDD 5.0 mA
Power Consumption 24 mW

Table 28 - 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 (I*S Master

Mode)

Note: Performance numbers were measured using the ESS ES9069 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)
(2 Channel mode - Single 130 dB
Channel Diff)
-60dBFS
DNR (A-weighted)
(Mono mode - 2 Channel Sum 133 dB
Diff)
Voltage Output Amplitude Full-Scale Out 0.889 = AVCC Vpp
Voltage Output Offset Bipolar Zero Out @ V
Current Output Amplitude Full-Scale Out 1000+ 0.889 » AVCC mApp
Rdac
AVCC
Current Output Offset Bipolar Zero Out 1000 + ( 2 Vg) mA
Rdac
Output Impedance
(Per + or - pin of each DAC Roac 390 £ 15% Q
output)
Table 29 - Performance Data
55 ESS TECHNOLOGY, INC. 109 Bonaventura Drive, San Jose, CA 95134, USA Tel (408) 643-8800 « WWW.ESSTECH.COM




VERSION 0.2.3

\ I‘ | |
':-ELS’ ES9069 Product Datasheet

Timing Requirements

I>)C Slave Interface Timing

T _ - . T
|
|
SDA / x x ‘% / x \ |
| == | == |
i ; - ol Rt i
= =r tow et |['SUDAT h ’*‘HD STA b= <TBUF T |
‘ ‘ ‘ !
|
R J IL M | 1\
1k i { L -- | -- | |
b= 1 =typ:sTA T‘ e tsu;sTA™= | =] tsusto™ | = | b
L HD;DAT L L L
Start Start Sto Start

Figure 24 - I°C Slave Control Interface Timing

CLK Standard-Mode | Fast-Mode )
Parameter Symbol Constraint Unit
MIN | MAX | MIN | MAX

SCL Clock Frequency fscL < CLK/20 0 100 0 400 kHz
START condition hold time tHp;sTA 4.0 - 0.6 - us
LOW period of SCL tLow >10/CLK 4.7 - 1.3 - us
HIGH period of SCL (>10/CLK) thigH >10/CLK 4.0 - 0.6 - us
START condition setup time (repeat) tsu:sTa 4.7 - 0.6 - us
SDA hold time from SCL falling
- All except NACK read . 0 . 0 i us
NACK rsad orly tuopeT 2ICLK 2ICLK s
SDA setup time from SCL rising tsupar 250 - 100 - ns
Rise time of SDA and SCL tr - 1000 300 ns
Fall time of SDA and SCL t - 300 300 ns
STOP condition setup time tsu:sto 4 - 0.6 - us
Bus free time between transmissions taur 4.7 - 1.3 - us
Capacitive load for each bus line Co - 400 - 400 pF

Table 30 - I*C Slave Interface Timing Definitions

SCL — UUUL UL UL LT

SDA U : [ I I I
| address : register : data |
(0x41) (OXE1) (0x63)

SCL — UL LU UL

SDA™ | LT | ‘ B
address ‘ register data
(0x90) (0) (0x02)

Figure 25 - I*C Single Byte Examples of Read and Write Instructions

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



VERSION 0.2.3

ES9069 Product Datasheet

E55

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

57

SS_| | ’ N

SCLK _ILFLFLFLFLIUI_IULIULFLFLIULIULIUUUUUW_
MISO 3 5 3
MOSI __ 1 ; M
' write : register data
(0x03) ‘ 0) . (0x02)

Figure 26 - SPI Single Byte Write

ss—| | N

SCLK _MW
MISO ; Ml
MOSI __ | M
i read | register data
(0x01) : (0xE1) (0xB3)

Figure 27 - SPI Single Byte Read

ss—| | | ‘ in

SCLK _Mwwmmum
MISO : I_LI_UT_IL
MOSI J j ; '
‘ read 5 register byte 1 . byte2
(0x01) ' (OxFO0) i (register OxFO) . (register OxF1)

Figure 28 - 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
tocn tooL
ton tos
DATA[2:1]  vaid Invalid Valid

Figure 29 - Audio Interface Timing

Parameter Symbol | Min | Max | Unit
DATA_CLK pulse width high tocH 9.0 ns
DATA_CLK pulse width low tocL 9.0 ns
DATA_CLK cycle time tocy 20 ns
DATA_CLK duty cycle 4555 | 55:45
DATAX set-up time to DATA_CLK rising edge tos 4.1 ns
DATAX hold time to DATA_CLK rising edge tow 2.0 ns

Table 31 - Audio Interface Timing Definitions

Register Overview
The ES9069 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 register 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
Register 0 - 145 (0x00 - 0x8E) are read/write registers.

Read-Only Register Addresses
Register 224 - 251 (0xEOQ - 0xFB) are read only registers.

Multi-Byte Registers
Multi-byte register 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 ‘ 3 ‘ 2 1 0
o0 | o SYSTEM CONFIG SOFT_RESET ENA?ALgasE“FS— RESERVED DAC_MODE RESERVED
ENABLE_DAC_ ENABLE_SPDIF | ENABLE_DOP_ | ENABLEDSD_ | ENABLE.TOM_
oot | 1 SYS MODE CONFIG o SYNC_MODE RESERVED ‘ Econe ‘ e e el
02| 2 RESERVED RESERVED
AUTO_FS_ | SELECT_IDAC_
003 | 3 DAC CLOCK CONFIG Eree o SELECT_IDAC_NUM
004 | 4 CLOCK CONFIG MASTER_BCK_DIV
AUTO_CLK AUTO.FS_
o005 | 5 CLK GEAR SELECT RESERVED SEL_CLK_GEAR RESERVED _CLK RESERVED DETECT_
GEAR
BLOCK_64FS
0x06-
oo | 69 RESERVED RESERVED
BCK_WS_FAL_ | DOP_VALID_ SS_FULL_ SS_FULL_ AUTOMUTE_ AUTOMUTE_ |y MIN_CH2_ | VOL_MIN_CH1_
o0 | 10 ASKD ASKE RAMP_CH2_ RAMP_CHT_ FLAG_CH2_ FLAG_CHT_ s s
INTERUPT MASKP MASKP MASKP MASKP MASKP
TDM_VALD_
o8 | 1 RESERVED INPUT_SELECT_ OVERRIDE_MASKP | - adiio RESERVED
818? 1214 | RESERVED RESERVED
BCK_WS_FAL_ | DOP_VALID_ SS_FULL_ SS_FULL_ AUTOMUTE_ AUTOMUTE_ |y MIN_CH2_ | VOL_MIN_CH1_
ooF | 15 S ey RAMP_CH2_ RAMP_CHI_ FLAG_CH2_ FLAG_CHT_ s i
INTERUPT MASKN MASKN MASKN MASKN MASKN
TDM_VALID_
oto | 16 RESERVED INPUT_SELECT_OVERRIDE_ MASKN | o e RESERVED
81}; 1719 | RESERVED RESERVED
BCK_WS_FAL_ | DOP_VALID_ SS_FULL_ SS_FULL_ AUTOMUTE._ AUTOMUTE |y MIN_CH2_ | VOL_MIN_CH1_
ot4 | 20 e e RAMP_CH2_ RAMP_CHI_ FLAG_CH2_ FLAG_CHT_ b ans
INTERRUPT CLEAR CLEAR CLEAR CLEAR CLEAR
TDM_VALID_
ots | 21 RESERVED INPUT_SELECT_ OVERRIDE_CLEAR | Joet 0B RESERVED
81}2 2228 | RESERVED RESERVED
D | 29 DPLLBW DPLL BW | RESERVED
0% | 03 | ReserveD RESERVED
02z | 34 DATA PATH CONFIG NMONO_MODE | CAL RES_ENB | RESERVED
PCM_4X_GAIN_ | PCM_4X_GAIN_
o3 | 3 PCM 4X GAIN RESERVED ) pa
024 | 3% RESERVED RESERVED
025 | 37 GPIO1/2 CONFIG GPIOZ_CFG GPIOT_CFG
026 | 38 GPIO3/4 CONFIG GPIO4_CFG GPIO3_CFG
27| 39 GPIO5/6 CONFIG GPIO6_CFG GPIO5_CFG
028 | 40 GPIO7/8 CONFIG GPIO8_CFG GPIO7_CFG
02| 4 GPIO OUTPUT ENABLE GPIOB_OF GPIO7_OE GPIOG_OE GPIO5_OF GPIO4_OF GPIO3_OE GPIOZ_OF GPIOT_OE
A | 42 GPIO INPUT GPIOB_SDB GPIO7_SDB GPIO6_SDB GPIO5_SDB GPIO4_SDB GPIO3_SDB GPIOZ_SDB GPIO1_SDB
0B | 43 GPIO WK EN GPIOB WK EN | GPIO7 WK EN | GPIOs WK_EN | GPIO5 WK EN | GPIO4 WK EN | GPIO3 WK EN | GPIO2 WK EN | GPIOT WK EN
0eC | 44 INVERT GPIO INVERT GPIO8_| INVERT GPIO7 | INVERT GPIO6 | INVERT GPIO5 | INVERT GPIO4_| INVERT GPIO3_| INVERT GPIO2 | INVERT GPIOT
02| 45 GPIO READ GPIOB_READ | GPIO7 READ | GPIO6_READ | GPIO5_READ | GPIO4 READ | GPIO3 READ | _ GPIO2READ | _ GPIOT_READ
GPIO_OR_SS_ | GPIO_.ORVOL_ | GPIO.OR_ | GPIO_AND_SS_ | GPIO_AND_VOL | _ GPIO_AND_
i RESERVED GPIO_SEL RAMP MIN AUTOMUTE RAMP _MIN AUTOMUTE
GPIO OUTPUT LOGIC SO
ok | 47 o RESERVED
00| 48 PWMT COUNT PWMT_COUNT
031 49 PWMT_FREQ
032__| 50 PWM1 FREQUENCY PWM1_FREQ
033 | 51 PWM2 COUNT PWM2_COUNT
04| 52 PWM2_FREQ
03| 53 PWWM2 FREQUENCY PWM2_FREQ
036__| 54 PWM3 COUNT PWM3_COUNT
037_| 55 PWM3_FREQ
038 | 56 PWWMS3 FREQUENCY PWM3_FREQ
ENABLE_DSD_
039 | 57 INPUT SELECTION AUTO_CH_ FAULT. DSD_MASTER_ | PCM_MASTER_ | peorpyep INPUT_SEL AUTO_INPUT_
DETECT MODE MODE SEL
DETECTION
VASTER WS_ | MASTER.WS_ | MASTER_BCK_
oA | 58 MASTER ENCODER CONFIG TDM_RESYNC BCK_INV RESERVED MASTER_FRAME_LENGTH bULSE JTODE s, flyisc
03B | 59 TDM CONFIG RESERVED TDM_CH_NUM
TDM_VALID_ TOM_DAISY_
o3C | 60 TDM CONFIGT TDM_LJ_MODE s ‘ oo RESERVED
o | 6 TDM CONFIG2 RESERVED TOM_BIT_WIDTH TDM_DATA_LATCH_ADJ
DISABLE_DSD_ | DISABLEDSD_ | ENABLEWS. | ENABLE_BCK_ | DISABLE_PCM_
0GE | 62 BCK/WS MONITOR CONFIG b S ‘ MONTOR oo 0 RESERVED
0F_| 63 RESERVED RESERVED
0d0__| 64 CH1 SLOT CONFIG DSD_CHT_SOURCE TDM_CH1_SLOT_SEL
odl__| 65 CH2 SLOT CONFIG DSD_CH2_SOURCE TDM_CH2_SLOT SEL
giig 6673 | RESERVED RESERVED
oA | 74 VOLUME CH1 VOLUME_CH]
ENG VOLUME CH2 VOLUME_CH2
gigf 7681 | RESERVED RESERVED
062 | 82 DAC VOL UP RATE DAC_VOL_RATE_UP
063 | 83 DAC VOL DOWN RATE DAC_VOL RATE_DOWN
04| 84 DAC VOL DOWN RATE FAST DAC_VOL_RATE_FAST
05| 85 RESERVED RESERVED
DAC_MUTE_ DAC_MUTE._
o6 | 86 DAC MUTE RESERVED ‘ o G
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o7 | 87 DAC INVERT RESERVED ‘ DAC. JIVERT- ‘ DAC. JIVERT-
08| 88 FILTER SHAPE RESERVED FILTER_SHAPE
09| 89 IR BANDWIDTH & SIPDIF SEL SPDIF_SEL [ VOLUME_HOLD IR_BW
0GA_| 90 DAC PATH CONFIG RESERVED BYPASS IR | BYPASS FIR&X_| BYPASS FIR2X
I THD_C2_CH
06C_ | 92 THD_C2_CHI
06D | 93 THD C2 THD_C2_CH2
OGE | 94 THD_C2_Ch2
OGF- | 95
oof | % | Rreserven RESERVED
068|107 THD_C3_CHI
06C_ | 108 THD_C3_CHI
I T THD_C3 CH2
O6E__| 110 THD_C3_CH2
06F- | 111-
O | 1y | ReserveD RESERVED
o8 | 123 AUTOMUTE ENABLE RESERVED AUTO"{%&EN AUTO"é‘:;EfEN
0x7C__| 124 AUTOMUTE_TIME ~ ~
AUTOMUTE TIME MUTE_RAMP_
oD | 125 RESERVED o GROUND AUTOMUTE_TIME
OGE_| 1% AUTOMUTE_LEVEL
oaF | 127 | AYTOMUTELEVEL AUTOMUTE_LEVEL
080 | 128 AUTOMUTE_OFF_LEVEL
o1 | 129 | AVTOMUTE OFF LEVEL AUTOMUTE_OFF_LEVEL
0x82__| 130 | SOFT RAMP CONFIG RESERVED SOFT_RAMP_TIME
083 | 131 NSMOD CONFIG | NSMOD_WIDE_BW [ RESERVED
oxgd- | 132
oo | iox | ReserveD RESERVED
SPDIF_LOAD_ PROG_COEFF_ | PROG_COEFF_
087 | 135 | PROGRAMRAM CONTROL DoER Brs ‘ RESERVED - o
088 | 135 | SIPDIF READ CONTROL RESERVED | SPDIF_DATA SEL
PROG_COEFF_
0@ | 137 | PROGRAMRAM ADDRESS v PROG_COEFF_ADDR
06A__| 138 PROG_COEFF_IN
088 | 139 | PROGRAM RAM DATA PROG_COEFF_IN
0x8C__|_140 PROG_COEFF_IN
MQA_
oD | 141 MQA CONFIG 1 RESERVED MQB_READER_ENABLE RENDERING_
ENABLE
OGE | 142
OB | 1> | ReserveD RESERVED
OKE0_| 224 | RESERVED RESERVED
OE1_| 225 | CHIPIDREAD CHIP_ID
0E2 | 226-
Q2| 28| ReseRvED RESERVED
oE5 | 220 BCKWS_FAL_ | DOP_VALID_ SS_FULL_RAMP_STATE AUTOMUTE_STATE VOL_MIN_STATE
STATE STATE
INTERRUPT STATES T
oE6 | 230 RESERVED INPUT_SELECT_OVERRIDE_STATE | B0 ‘ RESERVED
OET- | 231-
SET | By | ReserveD RESERVED
OEA | 234 BCKWS_FAL_ |  DOP_VALID_ SS_FULL_RAMP_SOURCE AUTOMUTE_SOURCE VOL_MIN_SOURCE
INTERRUPT SOURCES SOURCE SOURCE
S . RESERVED INPUT_SELECT_OVERRIDE_ TDM_DATA_ RESERVED
X SOURCE VALID_SOURCE
OEC- | 2%6-
SES | B | reserven RESERVED
IDAC_DNV_ | IDAC_HALF_DIV
OEF | 239 | AUTOFSREAD RATS VALD oTo IDAC_DIV_AUTO
O0F0__| 240 | GPIO READBACK GPIO8_|_READ |_GPIO7_| READ | _GPIO6_LREAD | _GPIO5 | READ | _GPIO4_|_READ | GPIO3_|_READ | GPIO2 | READ | _GPIOT | READ
oF1 | 241 VOL MIN READ RESERVED VOL MIN_CH2 | VOL MIN_CH{
02 | 242 | AUTOMUTEREAD RESERVED AUTOMUTE. AUTONUTE.
oF3 | 243 SOFT RAMP UP READ RESERVED SSfR’éﬂ;fUPf SSfRé'ﬂ:fUPf
SS_RAMP_ SS_RAMP_
OF4 | 244 | SOFTRAMP DOWN READ RESERVED Do e Do o
oF5 | 245 INPUT STREAM READBACK RESERVED SPDIF_VALID TON DATA- DOP_VALID INPUT_SELECT_OVERRIDE
0F6 | 246 PROG_COEFF_OUT
OKF7_| 247 | PROG COEFF OUT READ PROG_COEFF_OUT
08| 248 PROG_COEFF_OUT
OF9- | 249-
S | | ReserveD RESERVED
OFB_| 251 SIPDIF DATA READ SPDIF_DATA_READ

Table 32 - Register Map
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Register Listing

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

[7] SOFT_RESET Performs soft reset to digital core.

e 1'00: Normal operation

e 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 N/A
1] DAC_MODE Enables the DAC datapth.

e 1'b0: DAC disabled (default)
e 1'b1: DAC enabled
[0] RESERVED N/A
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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 N/A
[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
[7] AUTO_FS_DETECT Automatically determine optimal (SYS_CLK/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 1'b0: 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 6'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 N/A

[5:4] SEL_CLK_GEAR MCLK clock gearing, outputs SYS_CLK to the rest of the

device.

e 2'd0: SYS_CLK = MCLK/1

e 2'd1: SYS_CLK = MCLK/2

o 2'd2: SYS_CLK = MCLK/4

e 2'd3: SYS_CLK = MCLK/8

[3] RESERVED N/A

[2] AUTO_CLK_GEAR Enable automatic clock gearing.

In automatic clock gearing, MCLK will be geared down until

128FS = SYS_CLK < 256FS.

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 N/A

[0] AUTO_FS_DETECT_BLOCK_64FS Block AUTO_FS_DETECT from transitioning to 64FS mode
when the detected SYS_CLK/CLK_IDAC ratio is 64.

e 1'b0: Disabled (default)

e 1'b1: Enabled
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Register 9-6: RESERVED
Register 11-10: INTERUPT MASKP

E55

Bits [15:14] [13:12] [11] | [10:8] [71 (6] |[51 |[4 |[31 |[2] |[1]1 |[0]
Default | 2'b00 2'b00 1'00 | 3'b000 100 | 1'60 | 160 | 160 | 100 | 1'00 | 1'b0 | 1'b0
Bits Mnemonic Description
[15:14] RESERVED N/A
[13:12] INPUT_SELECT_OVERRIDE_ Masks negative to positive interrupt transitions.
MASKP 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 N/A
[7] BCK_WS_FAIL_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
[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)

e 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)

e 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)

e 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)

e 1'b1: Service interrupt if flag transitions from negative to positive
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Register 14-12: RESERVED
Register 16-15: INTERUPT MASKN

Bits [15:14] [13:12] [11] | [10:8] [71 (6] |[51 |[4 |[3]1 |21 |[11 |[0]
Default | 2'b00 2'b00 1'b0 | 3'b000 100 | 1'00 | 1'60 | 1'00 | 160 | 1'b0 | 1'b0 | 1'b0
Bits Mnemonic Description
[15:14] RESERVED N/A
[13:12] INPUT_SELECT_OVERRIDE_ Masks positive to negative interrupt transitions.
MASKN 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 N/A
[7] BCK_WS_FAIL_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
[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)

e 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)

e 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)

e 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)

e 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)

e 1'b1: Service interrupt if flag transitions from positive to negative
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Register 19-17: RESERVED
Register 21-20: INTERRUPT CLEAR
Bits [15:14] [13:12] [11] | [10:8] [71 (6] |[51 |[4 |[31 |[2] |[1]1 |[0]
Default | 2'b00 2'b00 1'00 | 3'b000 100 | 1'60 | 160 | 160 | 100 | 1'00 | 1'b0 | 1'b0
Bits Mnemonic Description
[15:14] RESERVED N/A
[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 N/A

[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 28-22: 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
o 4'd1: Lowest Bandwidth
e 4'd15: Highest Bandwidth

[3:0] RESERVED N/A
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Register 33-30: RESERVED
Register 34: DATA PATH CONFIG
Bits [71 [6] [5:0]
Default | 1'b0 1'00 6'000000
Bits Mnemonic Description
[7] MONO_MODE Enabled MONO Mode
Note: Does not turn off unused data path for power saving
[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 N/A
Register 35: PCM 4X GAIN
Bits [7:2] [1] [0]
Default | 6'd0 1'b0 1'b0
Bits Mnemonic Description
[7:2] RESERVED N/A
[1] PCM_4X_GAIN_CH2 Changes the gain on the CH2 interpolation path after the IIR.
e 1'00: 1x gain
e 1'b1:4x gain
Note: Not available in DSD mode.
[0] PCM_4X_GAIN_CH1 Changes the gain on the CH1 interpolation path after the IIR.
e 1'00: 1x gain
e 1'01:4xgain
Note: Not available in DSD mode.
Register 36: RESERVED
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GPIO Registers

Register 37:

GPI101/2 CONFIG

Bits

[7:4]

[3:0]

Default

4'd7

4'd13

Bits

Mnemonic

Description

[7:4]

GPI02_CFG

Configures GPI0O2

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: MQA authentication - input

[3:0]

GPIO1_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: MQA authentication - input
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Register 38:

GP103/4 CONFIG

Bits

[7:4]

[3:0]

Default

4'd0

4'd0

Bits

Mnemonic

Description

[7:4]

GPI04_CFG

Configures GPIO4

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: MQA authentication - input

[3:0]

GPIO3_CFG

Configures GPIO3

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

4'd2: Output 1 - output

4'd3: SYS_CLK - 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: MQA authentication - input
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Register 39: GPI05/6 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: MQA authentication - input

[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: MQA authentication - input
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Register 40:

GP107/8 CONFIG

Bits

[7:4]

[3:0]

Default

4'd0

4'd0

Bits

Mnemonic

Description

[7:4]

GPIO8_CFG

Configures GPIO8

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: MQA authentication - input

[3:0]

GPIO7_CFG

Configures GPIO7

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

4'd2: Output 1 - output

4'd3: SYS_CLK - 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: MQA authentication - input
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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 1'00 1'b1 1'b1
Bits Mnemonic Description
[7] GPIO8_OE e 1'b0: Tristate GPIO8 (default)
¢ 1'b1: GPIO8 Output enabled
[6] GPIO7_OE e 1'b0: Tristate GPIO7 (default)
e 1'b1: GPIO7 Output enabled
[5] GPIO6_OE e 1'b0: Tristate GPIO6 (default)
e 1'b1: GPIO6 Output enabled
[4] GPIO5_OE e 1'b0: Tristate GPIO5 (default)
e 1'b1: GPIO5 Output enabled
[3] GPI04_OE e 1'b0: Tristate GPIO4 (default)
e 1'b1: GPIO4 Output enabled
[2] GPIO3_OE e 1'b0: Tristate GPIO3 (default)
e 1'b1: GPIO3 Output enabled
[1] GPI02_OE e 1'b0: Tristate GPIO2
e 1'b1: GPIO2 Output enabled (default)
[0] GPIO1_OE e 1'b0: Tristate GPIO1
e 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 1'00 1'00 1'00 1'b0
Bits Mnemonic Description
[7] GPIO8_SDB e 1'b0: Disables GPIO8 input (default)
e 1'b1: Enables GPIO8 input
[6] GPIO7_SDB e 1'b0: Disables GPIO7 input (default)
e 1'b1: Enables GPIO7 input
[5] GPI0O6_SDB e 1'b0: Disables GPIOG6 input (default)
e 1'b1: Enables GPIOG6 input
[4] GPIO5_SDB e 1'b0: Disables GPIO5 input (default)
e 1'b1: Enables GPIO5 input
[3] GPIO4_SDB e 1'b0: Disables GPI04 input (default)
e 1'b1: Enables GPIO4 input
[2] GPIO3_SDB e 1'b0: Disables GPIO3 input (default)
e 1'b1: Enables GPIO3 input
[1] GPI102_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] [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
[7] GPIO8_WK_EN e 1'b0: GPIO8 weak keeper disabled (default)
e 1'b1: GPIO8 weak keeper enabled
[6] GPIO7_WK_EN e 1'b0: GPIO7 weak keeper disabled (default)
e 1'b1: GPIO7 weak keeper enabled
[5] GPIO6_WK_EN e 1'b0: GPIO6 weak keeper disabled (default)
o 1'b1: GPIO6 weak keeper enabled
[4] GPIO5_WK_EN e 1'b0: GPIO5 weak keeper disabled (default)
e 1'b1: GPIO5 weak keeper enabled
[3] GPIO4_WK_EN e 1'b0: GPIO4 weak keeper disabled (default)
o 1'b1: GPIO4 weak keeper enabled
[2] GPIO3_WK_EN e 1'b0: GPIO3 weak keeper disabled (default)
e 1'b1: GPIO3 weak keeper enabled
1] GPIO2_WK_EN e 1'b0: GPIO2 weak keeper disabled (default)
e 1'b1: GPIO2 weak keeper enabled
[0] GPIO1_WK_EN e 1'b0: GPIO1 weak keeper disabled (default)
e 1'b1: GPIO1 weak keeper enabled
Register 44: INVERT GPIO
Bits [7] [6] [5] [4] [3] 2] [1] [0]
Default | 1'b0 1'b0 1'b0 1'b0 1'b0 1'60 1'60 1'b0
Bits Mnemonic Description
[7] INVERT_GPIO8 e 1'b1: Inverts GPIO8 output.
[6] INVERT_GPIO7 e 1'b1: Inverts GPIO7 output.
[5] INVERT_GPIO6 e 1'b1: Inverts GPIO6 output.
[4] INVERT_GPIO5 e 1'b1: Inverts GPIOS5 output.
[3] INVERT_GPIO4 e 1'b1: Inverts GPIO4 output.
[2] INVERT_GPIO3 e 1'b1: Inverts GPIO3 output.
[1] INVERT_GPIO2 e 1'b1: Inverts GPIO2 output.
[0] INVERT_GPIO1 e 1'b1: Inverts GPIO1 output.
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Register 45: GPIO READ
Bits [7] [6] [5] [3] 2] [1] [0]
Default | 1'b0 1'b0 1'b0 1'b0 1'b0 1'00 1'b0 1'b0
Bits Mnemonic Description
[7] GPIO8_READ e 1'b0: GPIO8 Readback disabled (default)
e 1'b1: Allow readback of GPIO8_|
Note: Requires corresponding GPIOx_SDB to be set.
[6] GPIO7_READ e 1'b0: GPIO7 Readback disabled (default)
e 1'b1: Allow readback of GPIO7_|
Note: Requires corresponding GPIOx_SDB to be set.
[5] GPIO6_READ e 1'b0: GPIO6 Readback disabled (default)
e 1'b1: Allow readback of GPIOG6_|
Note: Requires corresponding GPIOx_SDB to be set.
[4] GPIO5_READ e 1'b0: 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)
e 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'h0: GPIO2 Readback disabled (default)
e 1'b1: Allow readback of GPIO2_|
Note: Requires corresponding GPIOx_SDB to be set.
[0] GPIO1_READ e 1'b0: GPIO1 Readback disabled (default)
e 1'b1: Allow readback of GPIO1_|
Note: Requires corresponding GPIOx_SDB to be set.

75

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



VERSION 0.2.3

SRY ‘ I‘ |
’ .-.ELS) ES9069 Product Datasheet
Register 47-46: GPIO OUTPUT LOGIC
Bits [15] | [14:7] 6] |[[51 [[4 |[38 |[2 [[] |[0]
Default | 1'b0 | 8'd0 100 | 160 | 160 | 100 | 1'b1 | 1'p1 | 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 N/A
[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[CHX])

[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[CHX])

[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: Overridden 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 1'00: Disabled

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

Note: Overridden 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: Overridden by GPIO_OR_VOL_MIN.
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Register 48: PWM1 COUNT
Bits [7:0]
Default | 8'h00
Bits Mnemonic Description
[7:0] PWM1_COUNT 8-bit value to set the number of SYS_CLK periods the PWM
signal is high for.
e 8h00: Disabled (default)
e 8'h01: Minimum
e 8'hFF: Maximum
Register 50-49: PWM1 FREQUENCY
Bits [15:0]
Default | 16'h0000
Bits Mnemonic Description
[15:0] PWM1_FREQ 16-bit value to set the frequency of the PWM signal in terms of
SYS_CLK divisions.
e 16'h0000: Disabled (default)
e 16'h0001: Minimum
e 16'hFFFF: Maximum
. Hal = SYS_CLK
requency (H2) = o FREQ + 1
Duty Cycle [%] = PWM1_COUNT 100
uty Cydle %] = mnt FREQ + 1
Register 51: PWM2 COUNT
Bits [7:0]
Default | 8'h00
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'h00: Disabled (default)
e 8'h01: Minimum
e 8'hFF: Maximum
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Register 53-52: PWM2 FREQUENCY
Bits [15:0]
Default | 16'h0000
Bits Mnemonic Description
[15:0] PWM2_FREQ 16-bit value to set the frequency of the PWM signal in terms of
SYS_CLK divisions.
e 16'h0000: Disabled (default)
e 16'h0001: Minimum
e 16'hFFFF: Maximum
. Hol = SYS_CLK
requency (12 = oye FREQ + 1
Dutv Cvele %1 = PWM2_COUNT 100
Hy Cycle [ = 5wz FREQ + 1
Register 54: PWM3 COUNT
Bits [7:0]
Default | 8'h00
Bits Mnemonic Description
[7:0] PWM3_COUNT 8-bit value to set the number of SYS_CLK periods the PWM
signal is high for.
e 8'h00: Disabled (default)
e 8'h01: Minimum
e 8'hFF: Maximum
Register 56-55: PWM3 FREQUENCY
Bits [15:0]
Default | 16'h0000
Bits Mnemonic Description
[15:0] PWM3_FREQ 16-bit value to set the frequency of the PWM signal in terms of

SYS_CLK divisions.

e 16'h0000: Disabled (default)
e 16'h0001: Minimum

e 16'hFFFF: Maximum

- L1 _ SYSCIK
requency [Hz] = sva FREQ + 1
outy Gl (7] — PUMB_COUNT

uty Cycle [%o] = Svvs FREQ + 1
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Register 57: INPUT SELECTION
Bits [7] [6] [5] 3] [2:1] [0]
Default | 1'b0 1'b1 1'b0 1'b0 1'b0 2'd0 1'b0
Bits Mnemonic Description
[7] 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 N/A
[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.
¢ 1'b0: Disables auto input select. Input data format is set by
INPUT_SEL (default)
e 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
[7] TDM_RESYNC Force TDM decoder to resync.
e 1'b0: Enable TDM decoder synchronization (default)
e 1'b1: Force TDM decoder to desynchronize
[6] BCK_INV Invert the slave BCK
e 1'b0: Normal operation
e 1'b1: Invert slave BCK
[5] RESERVED N/A
[4:3] MASTER_FRAME_LENGTH Selects the bit length in each TDM channel in master mode.

e 2'd0: 32-bit (default)
e 2'd1: 24-bit

e 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 1'b1: Inverted

[0]

MASTER_BCK_INVERT

Inverts master BCK or DSD_CLK.
e 1'b0: Non-inverted
e 1'b1: Inverted (default)

Register 59: TDM CONFIG

Bits [7:5] [4:0]

Default | 3'd0 5'd1

Bits Mnemonic Description

[7:5] RESERVED N/A

[4:0] TDM_CH_NUM Total number of TDM slots per frame = TDM_CH_NUM + 1.
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Register 60: TDM CONFIG1
Bits [7] [6] [5] [4:0]
Default | 1'b0 1'b0 1'b0 5'd0
Bits Mnemonic Description
[7] TDM_LJ_MODE TDM LJ mode.

e 1'b0: Standard 12S (default)
e 1'b1:LJ mode

[6]

TDM_VALID_EDGE

TDM WS valid edge.
e 1'b0: negative edge (default)
e 1'b1: positive edge

[5]

TDM_DAISY_CHAIN

TDM daisy chain mode.
e 1'b0: Disabled (default)
e 1'b1: Enabled

[4:0] RESERVED N/A
Register 61: TDM CONFIG2

Bits [71 [6:5] [4:0]

Default | 1'b1 2'v00 5'd0

Bits Mnemonic Description

[7] RESERVED N/A

[6:5] TDM_BIT_WIDTH Bit width of each TDM slot.
e 2'b00: 32-bit (default)
o 2'b01: 24-bit
e 2'b10: 16-bit
e 2'h11: 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] [5] [4] [3] [2:0]

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

Bits Mnemonic Description

[71 DISABLE_DSD_DC e 1'n0: DSD DC can trigger an automute if automute is

enabled (default)

e 1'01: 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.

[3]

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
e 1'b1: Enable (default)

[3]

DISABLE_PCM_DC

e 1'b0: PCM DC signal can trigger an automute if automute is
enabled. (default)
e 1'b1: PCM DC is ignored.

[2:0] RESERVED N/A
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.
e 3'd0: DATA1 (default)
e 3'd1: DATA2
e 3'd2: GPIO1
e 3'd3: GPIO2
e 3'd4: GPIO3
e 3'd5: GPIO4
e 3'd6: GPIO5
e 3'd7: GPIO6
Note: When using AUTO_INPUT_SEL & DSD, it is required that
DSD data lines are on DATA1 & DATA2.

[4:0] TDM_CH1_SLOT_SEL CH1 data slot selection. CH1 receives data from Mth slot.
M =TDM_CH1_SLOT_SEL +1.
Note: Valid for TDM, 12S and DoP.

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

82




VERSION 0.2.3

ES9069 Product Datasheet

E55

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.
o 3'd0: DATA1
o 3'd1: DATAZ2 (default)
e 3'd2: GPIO1
e 3'd3: GPIO2
e 3'd4: GPIO3
e 3'd5: GPIO4
e 3'd6: GPIO5
e 3'd7: GPIO6
Note: When using AUTO_INPUT_SEL & DSD, it is required that
DSD data lines are on DATA1 & DATAZ.
[4:0] TDM_CH2_SLOT_SEL CH2 data slot selection. CH2 receives data from Mth slot.
M =TDM_CH2_SLOT_SEL +1.
Note: Valid for TDM, 12S and DoP.

Register 73-66: RESERVED
Register 74: VOLUME CH1

Bits [7:0]

Default | 8'h00

Bits Mnemonic Description

[7:0] VOLUME_CH1 DAC CH1 volume. -0dB to -127.5dB, 0.5dB steps
e 8'h00: -0dB
e 8hFF:-127.5dB

Register 75: VOLUME CH2

Bits [7:0]

Default | 8'h00

Bits Mnemonic Description

[7:0] VOLUME_CH2 DAC CH2 volume. -0dB to -127.5dB, 0.5dB steps
e 8h00: -0dB
e 8hFF:-127.5dB
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Register 81-76: RESERVED

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.
_ DAC_VOL_RATE_UP - FS
vol_step_rate [inc/s] = =
2
e 8'h00: Instant change
e 8'h01: Slowest change
e 8'h04: Default
o 8'hFF: Fastest change
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.
DAC_VOL_RATE_DOWN - FS
vol_step_rate [dec/s] = =
2
e 8'h00: Instant change
e 8h01: Slowest change
e 8'h04: Default
e 8hFF: Fastest change
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)
DAC_VOL_RATE_FAST - FS
vol_step_rate [dec/s] = 12
2
e 8h00: Instant change
8'h01: Slowest change
e 8'hFF: Fastest change (default)
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Register 85: RESERVED
Register 86: DAC MUTE
Bits [7:2] [1] [0]
Default | 6'd0 1'00 1'00
Bits Mnemonic Description
[7:2] RESERVED N/A
[1] DAC_MUTE_CH2 e 1'b0: 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 1'00 1'00
Bits Mnemonic Description
[7:2] RESERVED N/A

[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 1'b1: Inverted CH2 DAC output

[0]

DAC_INVERT_CH1

Invert the output on CH1 at the input to the noise shaped
modulator (NSMOD).

e 1'b0: Uninverted CH1 DAC output (default)

e 1'01: Inverted CH1 DAC output

Register 88: FILTER SHAPE
Bits [7:3] [2:0]
Default | 5'b10111 3'd0
Bits Mnemonic Description
[7:3] RESERVED N/A
[2:0] FILTER_SHAPE Selects the 8x interpolation FIR filter shape.

3'd0: Minimum phase (default)

3'd1: Linear phase fast roll-off apodizing

3'd2: Linear phase fast roll-off

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

3'd4: Linear phase slow roll-off

3'd5: Minimum phase fast roll-off

3'd6: Minimum phase slow roll-off

3'd7: Minimum phase slow roll-off low dispersion
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Register 89: IR BANDWIDTH & S/PDIF SEL
Bits [7:4] [3] [2:0]
Default | 4'd0 1'00 3'd4
Bits Mnemonic Description
[7:4] SPDIF_SEL Selects the S/PDIF data input pin.

4'd0: Disconnected (default)
4'd1: DATAT1
4'd2: DATA2
4'd3: GPIO1
4'd4: GPIO2
4'd5: GPIO3
4'd6: GPI04
4'd7: GPIO5
4'd8: GPIO6
4'd9: GPIO7
4'd10: GPIO8
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]

IIR_BW

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

3'd1:BW*8

3'd2: BW * 4

3'd3: BW * 2

3'd4: BW (default)

3'd5: BW /2

3'd6: BW /4

3'd7:BW /8
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Register 90: DAC PATH CONFIG
Bits [7:3] [2] [1] [0]
Default | 5'b00000 1'00 1'00 1'b0
Bits Mnemonic Description
[7:3] RESERVED N/A
[2] BYPASS_IIR Bypass the IR filter.
e 1'b0: Non-bypassed (default)
e 1'b1: 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)
e 1'b1: Bypassed

Register 94-91: THD C2

Bits [31:16] [15:0]
Default | 16'd0 16'd0
Bits Mnemonic Description

[31:16] | THD_C2_CH2

A 16-bit signed coefficient for correcting for the CH2 second
harmonic distortion.
output = x +c2-x*+¢3-x3

[15:0] | THD_C2_CH1

A 16-bit signed coefficient for correcting for the CH1 second
harmonic distortion.
output = x + c2-x*+¢3 - 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*> + ¢3 - x3

[15:0] | THD_C3_CH1

A 16-bit signed coefficient for correcting for the CH1 third
harmonic distortion.
output = x + c2 - x*> + ¢3 - x3
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Register 122-111: RESERVED
Register 123: AUTOMUTE ENABLE

Bits [7:2] [1] [0]
Default | 6'd63 1'01 1'01
Bits Mnemonic Description

[7:2] RESERVED N/A

[1]

AUTOMUTE_EN_CH2

1'00: Disables ch2 automute
1'b1: Enables ch2 automute (default)

[0]

AUTOMUTE_EN_CH1

1'b0: Disables ch1 automute
1'01: Enables ch1 automute (default)

Register 125-124: AUTOMUTE TIME

Bits [15:12] [11] | [10:0]
Default | 4'h0000 101 | 11'hOF
Bits Mnemonic Description
[15:12] RESERVED N/A
[11] MUTE_RAMP_TO_GROUND e 1'b0: When ramped to min volume during normal mute, do
not soft ramp to ground
e 1'b1: When ramped to min volume during normal mute, soft
ramp to ground for power saving (default)
normal mute includes: automute, mute by register, mute by
GPIO
[10:0] AUTOMUTE_TIME Configures the time the audio must remain below
AUTOMUTE_LEVEL to trigger an automute condition.
e 11'h000: Disabled
e 11'h001: Slowest
e 11'h00F: Default
e 11'h7FF: Fastest
218
Time [s] =
AUTOMUTE_TIME - FS
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Register 127-126: AUTOMUTE LEVEL

Bits [15:0]

Default | 16'h0008

Bits Mnemonic Description

[15:0] AUTOMUTE_LEVEL The threshold which the audio must be below before an

automute condition is flagged.
e 16'h0001: -132dB
e 16'h0008: -119dB (default)
e 16'hFFFF:-42dB

level [dB] = 2010g10<

AUTOMUTE_LEVEL>
(216 _ 1) . 27
Note: Only applies to PCM automute conditions.

Register 129-128: AUTOMUTE OFF LEVEL

Bits [15:0]

Default | 16'h000A

Bits Mnemonic Description

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

automute condition is immediately cleared.
e 16'h0001: -132dB

e 16'h000A: -117.5dB (default)

e 16'hFFFF: -42dB

level [dB] = 2010g10<

AUTOMUTE_OFF_LEVEL)
(216 _ 1) . 27
Note: Only applies to PCM automute conditions.

Register 130: SOFT RAMP CONFIG

Bits [7:5] [4:0]

Default | 3'h000 5'd3

Bits Mnemonic Description

[7:5] RESERVED N/A

[4:0] SOFT_RAMP_TIME Sets the amount of time that it takes to perform a soft start

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

Valid from 0 to 12.
SOFT_RAVP_TIME+1

Time [s] = 4096 - =520 [Hz]
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Register 131: NSMOD CONFIG
Bits [7:5] [4:1] [0]
Default | 3'b000 4'v0100 1'b0
Bits Mnemonic Description
[7:5] RESERVED N/A
[4:1] NSMOD_WIDE_BW Increases the bandwidth of the hyperstream modulator.
e 4'b0100: (default)
e 4'H1100: (recommended for high frequency linearity)
e Others: Reserved
[0] RESERVED N/A
Register 134-132: RESERVED
Register 135: PROGRAM RAM CONTROL
Bits [71 [6:2] [1] [0]
Default | 1'b0 5'b00000 1'b0 1'b0
Bits Mnemonic Description
[7] SPDIF_LOAD_USER_BITS Selects whether the S/PDIF Channel Status or User Data bits
are available to readback from the register interface.
Subframes A and B must have the same user data bits for
readback.
e 1'b0: Channel Status bits on the register interface (default)
e 1'b1: User Data bits on the register interface
[6:2] RESERVED N/A
[1] PROG_COEFF_WE Enables writing to the programmable coefficient RAM.
e 1'b0: Disables write signal to the coefficient RAM (default)
e 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 N/A

[4:0] SPDIF_DATA_SEL Selects the byte of the S/PDIF payload in register 251

spdif_payload_read
e 24 bytes total
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Register 137: PROGRAM RAM ADDRESS
Bits [7] [6:0]
Default | 1'b0 7'd0
Bits Mnemonic Description
[7] PROG_COEFF_STAGE Selects which stage of the filter to write.
e 1'b0: Selects the 2x stage of the oversampling filter
(default).
o 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-bit signed filter coefficient that will be written to the address
defined in prog_coeff_addr.
Register 141: MQA CONFIG 1
Bits [7:3] [2:1] [0]
Default | 5'b10000 2'b00 1'b0
Bits Mnemonic Description
[7:3] RESERVED N/A
[2:1] MQB_READER_ENABLE Enable the MQB stream reader.
e 2'b00: The MQB stream reader is disabled. (default)
e 2'b01: The MQB stream reader is enabled (Normal
Operation, 24-bit)
e 2'b10: The MQB stream reader is enabled (16-bit)
e 2'b11: Reserved
Note: ES9069 has a MQA renderer built in, MQA stream must
be decoded by MQA core decoder first.
[0] MQA_RENDERING_ENABLE This allows the Sabre ES9069 to render decoded MQA streams.
e 1'b0: Disabled (default)
e 1'b1: Enabled
Register 145-142: RESERVED

9N
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Readback Registers
Register 224: RESERVED
Register 225: CHIP ID READ

Bits [7:0]

Default | 8'h62

Bits Mnemonic Description

[7:0] CHIP_ID e ES9069: 0x62

Register 228-226: RESERVED

Register 230-229: INTERRUPT STATES

Bits [15:14] [13:12] [11] | [10:8] [71 |[6] |[5:4] [3:2] [1:0]
Default | - - - - - - - - -
Bits Mnemonic Description
[15:14] RESERVED N/A
[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 N/A
[7] 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.
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Register 233-231: RESERVED
Register 235-234: INTERRUPT SOURCES
Bits [15:14] [13:12] [11] | [10:8] [71 |[6] |[5:4] [3:2] [1:0]
Default | - - - - - - - - -
Bits Mnemonic Description
[15:14] RESERVED N/A
[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 N/A
[7]1 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
[1:0] VOL_MIN_SOURCE Channel flag for whether the corresponding volume register =
0x00

Register 238-236: RESERVED
Register 239: AUTO FS READ

Bits

Default

[7] [6] [5:0]

Bits

Mnemonic

Description

[7]

IDAC_DIV_RATIO_VALID

Indicates validity of the SYS_CLK/CLK_IDAC ratio

Considered valid if there are N*128 or N*64 SYS_CLK pulses in
a frame.

e 1'b0: Invalid

e 1'b1: Valid

[6]

IDAC_HALF_DIV_AUTO

Result {Y} of automatic sample rate detect (reg3[7]
AUTO_FS_DETECT) logic, for IDAC_HALF flag.

e 1'b0: CLK_IDAC is an integer multiple of SYS_CLK, Y = 1.
e 1'b1: CLK_IDAC is a (X+1)*0.5 multiple of SYS_CLK, Y = 2.

[5:0]

IDAC_DIV_AUTO

Result {X} of the automatic sample rate detect (reg3[7]
AUTO_FS_DETECT) logic,
for SYS_CLK/CLK_IDAC ratio.
Y - SYS_CLK
FS[Hz] =

128
X+1)- (264FS_MODE>
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Register 240: GPIO READBACK

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

Default | - - - - - - - -

Bits Mnemonic Description

[7] GPIO8_I_READ GPIO8 input readback.

[6] GPIO7_I_READ GPIO7 input readback.

[5] GPIO6_|_READ GPIOG6 input readback.

[4] GPIO5_I_READ GPIO5 input readback.

[3] GPIO4_I_READ GPI04 input readback.

[2] GPIO3_|I_READ GPIO3 input readback.

[1] GPIO2_I_READ GPIO2 input readback.

[0] GPIO1_I_READ GPIO1 input readback.

Register 241: VOL MIN READ

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

[7:2] RESERVED N/A

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 N/A

[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 N/A

[1] SS_RAMP_UP_CH2 Soft ramped up flag ch2

[0] SS_RAMP_UP_CH1 Soft ramped up flag ch1
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Register 244: SOFT RAMP DOWN READ

Bits [7:2] [1] [0]
Default | - - .
Bits Mnemonic Description
[7:2] RESERVED N/A
[1] SS_RAMP_DOWN_CH2 Soft ramped down flag ch2
[0] SS_RAMP_DOWN_CH1 Soft ramped down flag ch1
Register 245: INPUT STREAM READBACK
Bits [7:5] [4] [3] [2] [1:0]
Default | - - - - -
Bits Mnemonic Description
[7:5] RESERVED N/A
[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 2d1:DSD
e 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 1 byte of the S/PDIF payload.
Byte is controlled by Register 136[4:0] SPDIF_DATA_SEL.
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ES9069 Reference Schematics
Typical Application Schematic

3.3V

1

3.3V 3.3V 3.3V

LT

AVCC_DAC2

CLK Input ———®MCLK

Hi/Lo (SPI/IC) Mode (SW)

CHIP_EN
GPIO1-8*

SDA/MOSI
SCL/SCLK
DATA2
DATA1
DATA_CLK

1°C/SPI

Application -
Processor

PCM/DSD/DoP/MQA

ADDRO/MISO
ADDR1/SS

RT1 AGND_DAC2 AGND_DAC1 GND

AVCC_DAC1 VCCA AVDD

DVDD .__l_
I

ES9069 Output stag
-
DACl:: ]
DAC1B

pery S
DAC2B I

~——

A A

I(a Iso Exposed pad)

—m

Figure 30 - Typical ES9069 Software Mode Application Diagram

Note: See GPIO section for configuration of GPIOs including GPIO8.
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Hardware (HW) Mode

*k Al AVCC_DAC1/AVCC_DAC2 pins must be powered with an ultra-low-noise regulator. **
** For powering with an ES931, remove 1uF decoupling capacitors on AVCC_DAC1/AVCC_DAC2. **

Serial Data Inputs

PCM/TDM shown GND
SD@=— =
WS 31—
BCK = o
El +3V3 .E_“_
~ m—v—
Q Q
HW-Mode Selection ﬂ
*See datasheet for configuration*
GND +3V3
HW1 =
HWO .
MUTE_CTRL & CEEEEEEE 3
HW2 T NT¥YOOO ~
£¥fcdgse 5= &
TN %o O Iy ~
<8909« 5 Qutput Stage DAC2
a® > 2
7 RT1 w 3 Avcc_pac2fE ' DAC
J_ 2 12 CHIP_EN DAC2 %’ TV to -15vE—] V-
—- O HW2 DAC2B —\L% v+
2ol yyre ES9969Q  ,onp pace 5:+—||| = DACb
Enable ) 21 6Pio1 aono_pactit—*"11'g o Tbac
3.3V - Active 22} GpI02 DACH 2 -7V to -15vE— V-
@V - Standby 23] GPI03 DACIB [2 +7V to HSVE—] V4
24 GPI04 AVCC_DAC1 l‘\;ﬁw:‘» ] DACb
. . 0@~ 0 Output Stage DAC1
Digital 1/0 88584.5% 2 ] ?
[CRTRTR TR T - [} ’I'_‘
See HW df - =z
vection for detals GPIC1 = U1 SR REEE I 2 ;\— <
on gpio functions GPIO2 O Nr‘\ C
in HW modes GPIO3 5
(GPIO7 must be  GPIO4 -
grounded) GPIOS +3V3
GPIO6 =
GPIO7 GND
J—_ CAL_RES c5 "' u
= . e 50MHz/49.152MHz/MCLK Clock Input
GND 1 GND
= MODE

Figure 31 - Hardware (HW) Mode Reference Schematic for ES9069
Note 1: ES9069 has an exposed pad (EPAD, Pin 33) and should be connected to ground.

Note 2: It is recommended to use Tantalum and COG capacitors (where indicated) to achieve the highest performance.
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Software (SW) Mode

** All AVCC_DAC1/AVCC_DAC2 pins must be powered with an ultra-low-noise regulator. **
**x For powering with an ES931, remove 1uF decoupling capacitors on AVCC_DAC1/AVCC_DAC2. **

Serial Data Inputs

PCM/TDM shown GHD
SD@E =
WSo
BCK ‘
:;j_ +3V3 5
- A
o Lol
(8] (&}
12C Interface
GND +3V3
SCL =
SDA
ADDRE = EEEEEEER =
pd
ADDR1 ST NZTXOoOo0 prd
LR E 5559 el
SN<S 1 <o &} Output Stage DAC2
2oe T 2
Tery @ S Avcc_DAC2 : DAC
J_ 2 8] CHIP_EN DAC2 . IV to -1sve—] V-
=° o] AR Esg060q DAC2B I —————————— +7V 10 +vE— v+
28 ADDR@ AGND_DAC2 5:+_{ T g DACb
Enable 21 GPID1 AGND_DAC14—@,7 DAC
3.3V - Active 22 GpID2 DACt |2 IV 1o -tsve—] V-
OV - Standby 231 GPIO3 pACIB |2 +IV to HIBVE—| Y+
24 GPIO4 AvcC_pAct +3V3 ] DACb
. . 0O © Output Stage DAC1
Digital 170 SScSH 5y 2 9
Loon0z00 o
DOV O=0>= () C
GPIOT & U4 EEPFEEEEERE ol
GPIOZ O=E
GPIO3 © S
GPIO4 = +3V3 -
GPIOS _—
GPIO6 __—_
GPIO7 o GND
C21" 1u
CAL_RES — 2 5@MHz/49.152MHz/MCLK Clock Input
— GND
1p s MODE

Figure 32 - Software Mode Reference Schematic for ES9069
Note 1: ES9069 has an exposed pad (EPAD, Pin 33) and should be connected to ground.

Note 2: It is recommended to use Tantalum and COG capacitors (where indicated) to achieve the highest performance.
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Recommended Dual Op-Amp Output Stage

3.6k (THIN FILM)
VAV

R4
3.6k (THIN FILM)
AN

RS
510p (COG/NP@)
DAC 1]l 2

140 (THIN FILM)

LK
C19

+ | Rs —
/ 4 OPA1612 = 3 £ o
o o g ] <€ ~&
el TP L
2o 2o o o
<~ o9 ~ 0 NSz o
pd TS = To 87 éa 3
o E §
- 3 U4.1 & § o
u4.3 gL
[ i S
VIN- [2—>0s_v- e —
VIN+ [B—>05_v+ =
=
— [T
OPA1612 =2 mgz
o] O 14 I
os_v- A ot
OPA1612 ~
os_v+ . X
I <+ 140 (THN FILM)
7 1 2
DACb 8 — R9
u4.2

510p (COG/NP@)
1 2

c27
3,65 (THIN FILM)
1

R1@
3.6k (THIN FILM)
VA

R

Figure 33 - Dual Op-Amp Output Stage Schematic for ES9069
Note 1: Schematic is representative of ES9069 EVB v2.1

GND%Z‘l 1
C26

2.2n (COG/NP@)

o<

Ji

3 ( 51) [
OZ ;3 | ~—>0ND
2 \P‘

XLR Male

Blue

2 si6 ~
sNo<—1 GND -

Note 2: C19, C23 & C27 values are chosen specifically for OPA1612, change depending on desired frequency response.

Note 3: It is recommended to use Tantalum and COG capacitors (where indicated) to achieve the highest performance.
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Recommended Triple Op-Amp Output Stage

3.6k (THIN FILM)
AN

R12
3.6k (THIN FILM)
ANV

R13
519p (COG/NP@)
1 2

ca28
OPA1612
2
DAC * T - 1 14015{;1\";\, FZILM)
&4 > 3f 4 R14
8 8 .
1, el 5
Jo o 2o = = z a
< T < =3 ~ 2 5T (CJ@E/NP@) J 3 BT o
L] © Z o 112 [ [
T T E#R z <Sw Il © - (AR
2 2 8- ©° ESE c32 & £ c &
o e ~3 1.2M (THIN FILM) < B N
Us.3 " 2 ! b x «
: ¥ R17 S
VIN- 2—=0s_v- Ja
VINH [B—=0s_v+ O
OPATB12 DI . 3oz 7)|° sow
(SR ENS ) H
os v _ XLR Male
= —~
0s_v+ 2o 3
z<w o -
y o =
ES 2 gg
" g < o
h OPA1612 ®
5|+ 140 (THIN FILM)
7 . 1 z
o . &l _ R20 -
Us.2 %v— ﬁ Blue
519p (COG/NP@) e 2 sic o
1Lz oY GND<— GND -
C36 §° =g
3.6k w 1FILM) o S/E
R21
3.6k (THIN FILM)
SAVAVAYS
R22

Figure 34 - Triple Op-Amp Output Stage Schematic for ES9069

Note 1: For more information about the triple op-amp output stage, ask your distributor or FAE for the Output Stage
Topologies Application Note.

Note 2: It is recommended to use Tantalum and COG capacitors (where indicated) to achieve the highest performance.
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Recommended Power Supply

o [a)
=z =
(@] —~ O
'—
=
[a] < o~
T ==
"4
d. E 5 — + O
™~ ~
- <+
CAL RES . 11 |AVCC_DAC2
—
— (@)
+5v 1 - S
—r 1 = 2
N <+ m| o <] ES9312Q r_tr o S
NN NN ~=<0 Q=53
— = L O T O
<3 BN [Nk
I\§D: mwoxwm ~ +5v
< >Sx > 5 -
3 U3 2 ® g =
" 5 S 1 5 SIS Cl4
PG2<—— PG2 O o ouT2
° ¥ 15 L2
* CHIP_EN AVCC | -
- <1 vBG ,\T AGND H4—=>GnD
2==2 PeI<—| PG 0 ouT1H3 2 S e 4.7u
N © v % — O o [T}
< 0 = =
2 g Z o S -
g SHEZ Exr 3oL©
CAL_RES Ex>H ~T+5 O.J 0
— ol ® & 35 S
1H " . ™ g
N S
L 11 |AVCC_DAC1

Figure 35 - ES9069 Power Supply Schematic
Note 1: It is recommended to use Tantalum and COG capacitors (where indicated) to achieve the highest performance.

Note 2: In all configurations Vse must remain floating. SNSx and OUTx pins must be connected to the 4.7uF capacitor and
the 100nF capacitor as close to the ES9312 as possible.
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ES9069 PCB Layout Guidelines

To maximize performance of the ES9069 ESS Technology makes the following PCB Layout recommendations:

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

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

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

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

e Ensure the package pad is connected to ground plane on the back side of the PCB with multiple vias for heat
dissipation. The ground pins can all be connected to the package pad.

DAC2 DAC1T

2, <
& O

_/—MCLK
_F:

5

N
=)

GND & 1

Figure 36 - ES9069 Recommended PCB Layout Guidelines
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Internal Pad Circuitry

Pin Name Type Pin Equivalent Circuit
Power Pad
AVCC_DAC1 1
AVCC_DAC?2 Power 8
AVDD 10 ESD
VCCA 31
GND
VDD
AGND_DAC1 4
AGND_DAC2 Ground 5
GND 11 ESD
GND 30 Ground Pad
VDD
ESD
| .
CHIP_EN Reset 18 R] 7
PU/PD  Or———Ay— ESD
GND
DATA_CLK 12
DATA1 13
DATA? 14
SCLK/SCL/HW1 15
MOSI/SDA/HWO 16 VDD
RT1 17 oF
SS/ADDR1/HW2 19 0 ESD
MISO/ADDRO/MUTE_CTRL Digital /0 20 Digital 1/0
GPIOf 21 : D—@—
GPI02 22 . ESD
GPIO3 23 PD O——WW—
GPI04 24 GND
GPIO5 25
GPIO6 26
GPIO7 27
MODE 29
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AVDD

l/ ESD

Digital 1/0 o < I —
igita |
GPIO 8 Cal Res 28 N
R \J cso “* REsisToR
PU/PD O—AW— L
GND _{ o
(6] n — Analog 1/O
DAC1B 2
DAC1 3 R D
DAC2B Analog |0 DAC 6 | D——AA—
DAC2 7 ESD
MCLK 32
GND
VDD
ESD Power Pad
DVDD O Power 9

ESD

GND

Table 33 - Internal Pad Circuitry
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32 QFN Package Dimensions
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Figure 37 - ES9069 32 QFN Package Dimensions
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32 QFN Top View Marking
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Figure 38 - ES9069Q 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.
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Figure 39 - 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.
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Manual

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

RPC-1 Classification Reflow Profile

Profile Feature Pb-Free Assembly

Preheat/Soak

Temperature Min (Tsmin) 150°C

Temperature Max (Tsmax) 200°C

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

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

Liquidous temperature (TL) 217°C

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

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

temp in Table RPC-2.

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

temperature (Tc) 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 34 - RPC-1 Classification Reflow Profile

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

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

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

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

Package Thickness Volume mm3, <350 Volume mm3, 350 to 2000 Volume mm3, >2000
<1.6 mm 260°C 260°C 260°C
1.6mm-25mm 260°C 250°C 245°C
>2.5mm 250°C 245°C 245°C

Table 35 - RPC-2 Pb Free Classification Temperature

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

ES9069Q SABRE 32-bit High Performance 2 Channel DAC S5mm x 5mm 32 QFN

Table 36 - Ordering Information

Revision History

Current Version 0.2.3

Rev. | Date Notes
0.1.2 | March, 2023 Initial release

e Updated Formatting

e Updated PCM Digital Filters with 64FS Mode Filter

e Updated 32 QFN Package Dimensions clarity

e Updated Calibration Resistor section

e Updated Reference Schematic power supplies and output stage

e Updated reference to MCLK & SYS_CLK for clock gearing for clarity

e Updated register description Reg5[5:4,2], 42[6, 4, 3], 48-56, 57[0], 62[4, 3],
64[4:0], 65[4:0],123[1,0]

e Unreserved Reg 60[5] TDM_DAISY_CHAIN

e Unreserved Reg 135[7] SPDIF_LOAD_USER_BITS

e Unreserved Register 124-125[15:14] and External DEM Output (GPIO_CFG)

e Updated Hardware Mode Pin Configurations #16-27

e Added Recommended Power Up/Down Sequence

0.2.2 | June, 2025 e Updated Recommended Operating Conditions and Absolute Maximum Rating

e Updated DSD Audio Input Formats section

0.2.1 | March, 2025

e Updated Volume Control

e Updated Automute

e Removed External DEM Output, not supported

e Added note for Hardware Mode automute defaults

0.2.3 | May, 2026 e Added Recommended PCB Layout Guidelines

e Added Recommended Capacitor Notes to Pin Descriptions

e Moved TDM Daisy Chain and Parallel Mode to their own sections
e Unreserved Register 131[4:1] NSMOD_WIDE_BW

e Updated Reference Schematics

© 2023-2026 ESS Technology, Inc.

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

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