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Writing to EEPROM or SPI Flash Memories In D2 Audio Systems Using an
External Microcontroller

Abstract

This application note describes how to write a firmware or parameter data image to an 12C EEPROM or SPI Flash
NVM memory as used with the D2 Audio family of sound processors, using an external system microcontroller.
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Writing to EEPROM or SPI Flash Memories In D2 Audio
D2 Audio DSP Systems Using an External Microcontroller

1. Overview

D2-1, D2-4/4P, and D2-3/6/3S Digital Audio Processor devices typically use an external Non-Volatile Memory
(NVM) for storing firmware and/or parameter setting data. This memory is used interactively with the D2 Audio
device during normal operating conditions, where the D2 Audio device's interface has direct control of read and
write to that memory.

2. Hardware Connections Required
The hardware interface between the D2 Audio device and the external controller include:

« NRESET - D2 Audio reset bus
« SCL - D2 Audio I2C bus 2-wire bit clock
« SDA - D2 Audio I2C bus 2-wire data

+ Boot mode - Logic high/low signal from controller, tied to the IRQx pins of the D2 Audio, establishes the D2
Audio's Boot mode during the booting and update process.

Note: These signals are present on the “SCAMP” connector header on the D2 Audio evaluation kit demo boards.

3. D2 Audio Device Firmware Images and Booting

Firmware source and booting operation is similar for all D2 Audio devices but is slightly different for each family of
devices.

3.1 D2-4,D2-4P

» Firmware and default parameter data is embedded within the D2-4/4P device. All operation is controlled by that
internal firmware and there is no provision for operating these devices from an external memory with external
firmware.

» For these D2 Audio devices, an on-board external NVM can be used for storing parameter settings and
providing register initialization data to override some default on-chip settings. This provides storage capability,
register parameter, and setting data only and does not support alternate firmware.

» The Boot mode of these devices, established by the Boot mode pin's logic levels, defines whether the D2-4/4P
loads external data from an external 2C EEPROM operating as an 12C slave from the D2 Audio, or as an 12C
slave receiving its boot data from an external controller operating as an I2C master.

« The D2-4/4P supports writing and saving data only to an 12C EEPROM. It also includes only one I2C port that is
shared between the D2 Audio control interface and the EEPROM. Booting is supported by using two different
|2C addresses.

3.2 D2-1, D2-3, D2-3S, D2-6

» Firmware and parameter data all originate from an external NVM or external controller. D2 Audio device
operation is totally dependent on that memory's (or controller's) firmware content and the D2 Audio holds its
operating firmware and data only within its on-chip RAM memory.

» The Boot mode of these devices, established by the Boot mode pin's logic levels, defines where the device
obtains its operational firmware and parameter image upon startup. In typical system applications, that image
comes from an external NVM operating as a slave to the D2 Audio master, or from an external controller where
the D2 Audio is a slave through the D2 Audio device's 12C control interface.

» For stand-alone operation, firmware and startup parameter data is held on an external NVM. Upon booting, the
D2 Audio receives its firmware from that NVM. However, after the system is running after boot, an external
controller can still control parameter settings through the 12C control interface, writing to the active parameter
data registers within the D2 Audio. It can also initiate commands to write present-session parameter settings to
the on-board NVM, such as saving last user volume settings during power-off.
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» Firmware and parameter data can also be provided directly from an external controller, not requiring an
on-board NVM. This is the method used by the D2 Audio Customization GUI v3 software as it builds and loads
a firmware image into the target D2 Audio hardware. This is also the method that initiates the process of
configuring the D2 Audio device to begin writing its on-board NVM with data being provided through the 12C
control bus from that external controller.

» When system control is provided from an external microcontroller or host, that controller has direct access to
only the D2 Audio device, where the D2 Audio device alone manages read/write control and writing of host data
to the memory.

+ The D2-3, D2-3S, and D2-6 support saving and writing firmware data to an SPI Flash memory and to an 12C
EEPROM while the D2-1 supports only an 12C EEPROM.

4. Writing to EEPROM in D2-4/4P Designs
Writing to the EEPROM in D2-4/4P designs involves four basic steps:

1. Booting the D2-4/4P from the external controller, which includes writing of parameter and register setting data
into the RAM of the D2 device.

2. If audio parameter setting changes are required to the defaults contained within this initial booting, those
changes are written to their respective audio processing parameter registers.

3. After the D2 contains the register data and optionally any further audio parameter setting changes, issue a
command from the controller to initiate the D2 to write its setting data to the EEPROM.

4. Resetting and re-booting the D2 Audio, this time booting from its 12C EEPROM instead of the controller.

Booting from the external controller involves setting the Boot mode of the D2 Audio to operate as an 12C slave,
under control of the controller that is operating as an 12C master.

The specific Boot mode of the D2-4/D2-4P devices is assigned based on the state of the IRQB and IRQA input
pins at the time of reset deassertion. These two pins are each connected to a logic high or low state on the
hardware with pull-up or pull-down electrical connections. Tying both of the IRQB and IRQA pins to ground
enables the 12C Slave (Boot Mode 0) operation.

The boot code for incorporating into the microcontroller is supplied by the D2 Audio DSP as a “[bootcode].hex”
hex data file. It is provided in this form so that it can be directly copied into the microcontroller's own system code.

This boot code contains the initialization data only for startup of the D2 Audio devices. It does not contain audio
processing parameter data that is assumed to be incorporated as normal operation of the microcontroller amplifier
system operation. See Step 2 above regarding optionally changing settings.

The Boot operation is identical for the D2-4 and D2-4P devices. However, each of these has their own specific
boot hex data.

4.1  Steps to Write for D2-4/4P
1. Configure the IRQA and IRQB device pins of the D2-4/4P. Typically, IRQB is tied low for a constant logic low
level.

2. IRQA must be controlled by the external controller. During the initial boot process for loading the [bootcode].hex
data file, IRQA must be pulled low by the controller. This causes the D2 Audio to boot as an I12C slave receiving
its boot data from an external controller operating as an 12C master.

3. Upon system startup, the microcontroller initiates a reset of the D2 Audio device by asserting the nRESET pin.

4. Upon deassertion of reset, the microcontroller delays any additional I2C communication to the D2 Audio device
for approximately 200ms.

5. After this delay, the microcontroller outputs the data from the [bootcode].hex file, using address 0x88. This
writes that boot code data to the registers within the D2 Audio (Note: Address 0x88 is used for boot operation

only).
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6. If additional audio parameter setting changes are required, they are now written to the D2 Audio's registers from
the controller (Note: Address 0x88 is used for boot operation only). After boot is completed, further
communication from the controller uses 12C address 0xB2. This 0xB2 address is required for writing these
additional parameters.

7. Now that the D2 Audio contains the final required setting image, it is written to the EEPROM. This is done by
issuing a command from the controller to write (hex) 0x000000 to D2 Audio memory address 0x800000, using
the I2C address of 0xB2.

8. After completion of this write to EEPROM sequence, the controller again asserts nRESET to reset the D2 Audio
device. It also must release its pull of IRQA low, allowing IRQA to become a logic high level.

9. Upon deassertion of NRESET, and with IRQA high, the D2 Audio now boots directly from the EEPROM, using
its new data.

5. Writing to NVM in D2-1/3/3S/6 Designs

Writing to NVM in designs using D2-1, D2-3, D2-3S, or D2-6 involve additional steps beyond those for the
D2-4/4P. In these device families, all firmware, in addition to setting parameter data, resides on the external NVM.
Also, these D2 Audio devices use one I2C port for external interface control, and another control port for
connecting to the on-board NVM (on D2-1, the second NVM port is implemented using the GPIO6 and GPIO7
pins, and does not have pins with SDA or SCL names for this second port).

The external microcontroller or host has direct access to only the D2 Audio device through its external-interface
I2C port. Therefore, the D2 Audio device manages all read/write control and writing of host data to the memory.

In these D2 Audio designs, a special bootloader image first loads into the D2 Audio, where it becomes the
operating firmware that performs the write-to-NVM function. Because the D2-1 uses only an 12C EEPROM, and
the D2-3/3S/6 use (typically) an SPI Flash, the bootloader image is different. But the process that follows is the
same.

For these D2 Audio devices, it is assumed that audio parameter and setting data has previously been saved and
exists within the final firmware hex image.

» That image is easily created using the D2 Audio Customization GUI v3 program.
Similar to the basic steps used with D2-4/4P designs, the process involves these basic steps:

1. Booting the D2 Audio from the external controller, which includes writing of the bootloader hex image into the
RAM of the D2 Audio device. This image becomes the temporary execution code for the remaining process.

2. Using this operating bootloader in the D2 Audio, the system controller initiates a write sequence to the D2 Audio
and references the firmware image hex file that is written to the D2 Audio board's NVM.

3. Upon completion of the update process, reboot the D2 Audio, this time booting from the on-board NVM.

5.1  Steps to Write for D2-1/3/3S/6

1. Configure the IRQA, B, C, D device pins of the D2 Audio devices. Boot modes for D2-3/3S/6 are
IRQ[D:A] = 0000 for booting from an external controller, 0010 for booting from an SPI Flash (D2-3/3S/6 only),
and 0001 for booting from an I2C EEPROM (D2-1).

2. The IRQ[D:A] pins must be controlled by the external microcontroller. During the initial boot process for loading
the [boootloader].hex data file, IRQ[D:A] must be set to 0000. This causes the D2 Audio to boot as an I2C slave
receiving its boot data from an external controller operating as an 12C master.

3. Upon startup, the microcontroller initiates a reset of the D2 Audio device by asserting the nRESET pin.

4. Upon deassertion of reset, the microcontroller delays any additional I2C communication to the D2 Audio device
for approximately 200ms.
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5. After this delay, the microcontroller outputs the data from the [bootloader].hex file, using address 0x88. This
writes the bootloader firmware image into the RAM of the D2 Audio.

a. The [bootloader].hex file is different depending upon whether the target NVM is EEPROM or SPI Flash.
Ensure the correct file is used per the target NVM type.

6. Now that the D2 Audio contains the execution code to write to its NVM, the system controller initiates the write
to NVM by writing the system firmware image hex file, using the 12C address 0xB2.

7. After completion of this write to EEPROM sequence, waiting approximately 200ms, the controller asserts
nRESET to reset the D2 Audio device. It also must release its pull of the IRQ pins low, allowing the respective
IRQ pin to become a logic high level.

a. For use with an 12C EEPROM (D2-1) IRQ[D:A] = 0001
b. For use with an SPI Flash (D2-3/3S/6) IRQ[D:A] = 0010

8. Upon deassertion of NRESET, and with IRQ[D:A] set to the NVM type, the D2 Audio now boots directly from
that NVM using its new firmware and data.

6. Revision History

Rev. Date Description
1.00 May.24.19 Initial release
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Notice

1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products
and application examples. You are fully responsible for the incorporation or any other use of the circuits, software, and information in the design of your
product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the use of
these circuits, software, or information.

2. Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights, or
other intellectual property rights of third parties, by or arising from the use of Renesas Electronics products or technical information described in this
document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.

3. No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or
others.

4. You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.

5. Renesas Electronics products are classified according to the following two quality grades: "Standard" and "High Quality". The intended applications for
each Renesas Electronics product depends on the product's quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home
electronic appliances; machine tools; personal electronic equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key
financial terminal systems; safety control equipment; etc.
Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space system;
undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics disclaims
any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product that is
inconsistent with any Renesas Electronics data sheet, user's manual or other Renesas Electronics document.

6. When using Renesas Electronics products, refer to the latest product information (data sheets, user's manuals, application notes, "General Notes for
Handling and Using Semiconductor Devices" in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc. Renesas
Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such
specified ranges.

7. Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability
product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics products
are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily injury,
injury or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as safety
design for hardware and software, including but not limited to redundancy, fire control and malfunction prevention, appropriate treatment for aging
degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult and impractical, you are
responsible for evaluating the safety of the final products or systems manufactured by you.

8. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas
Electronics product. You are responsible for carefully and sufficiently investigating applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics products in compliance with all these
applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance
with applicable laws and regulations.

9. Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is
prohibited under any applicable domestic or foreign laws or regulations. You shall comply with any applicable export control laws and regulations
promulgated and administered by the governments of any countries asserting jurisdiction over the parties or transactions.

10. Itis the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or
transfers the product to a third party, to notify such third party in advance of the contents and conditions set forth in this document.

11. This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas
Electronics products.

(Note1) "Renesas Electronics" as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled
subsidiaries.
(Note2) "Renesas Electronics product(s)" means any product developed or manufactured by or for Renesas Electronics.
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