MICROCHIP AN2547

Digital Sound Recorder Using DAC with
the tinyAVR® 1-series

Introduction

Author: Elizabeth Roy, Microchip Technology Inc.

This application note describes how to record, store, and play back sound using the new tinyAVR® 1-
series microcontroller with ADC and DAC peripherals, using either an SD card or a serial Flash to store
raw data. It details the usage of the ADC for sound recording, the Serial Peripheral Interface (SPI) for
data storage device interfacing and DAC for playback, with the use of a timer to define sampling
frequency and event system for inter-peripheral signaling. Typical applications that would require one or
more of these blocks are temperature loggers, telephone answering machines, or digital voice recorders.
The products used in this application note include the ATtiny817 Xplained Pro board, both the /01 and
OLED1 Xplained Pro Extension Kits, and a few extra components for the microphone and speaker
circuits. Alternatively, the ATtiny817 based AVR Parrot (ATAVRPARROT) - field engagement board can
be used. For more information on the board, visit http://www.microchip.com/developmenttools/
ProductDetails/ATAVRPARROT.

The tinyAVR® 1-series is used to take analog samples from a microphone and convert them to digital
values with its ADC. Its built-in SPI interface controls data transfers to and from the SD card (or
DataFlash). The DAC is used for playback. The sampling and playback frequency is defined using a
timer, with inter-peripheral signaling via the event system and interrupts. The code size is fairly small
(around 2 kB including a data storage interface driver) meaning the application is suitable for smaller AVR
devices.

Two accompanying projects are available for this application note in Atmel START. The implementation of
sound data sampling and playback is identical for both; the only difference is the mode of data storage.
The first project stores raw data on an SD card, and is designed to be used with an ATtiny817 Xplained
Pro and external components. The second project is for the ATtiny817 Parrot Field Engagement Board
and uses a serial DataFlash for data storage.

Features

» Digital Sound Recorder Using the tinyAVR® 1-series
*  8-bit Recording
»  Configurable Sampling Rate for High-Quality Sound Recording or Longer Record Time
*  Very Small Code Size
*  Optional Data Storage Options, Both Using SPI:
— Raw data on an SD card using multiple sector write
— Use a serial DataFlash
*  Only Small Changes Necessary for use on Other AVR® Devices
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+ Uses ADC, DAC, SPI, Timer, and Event System Peripherals
+  Exemplifies Changing a Register with CCP and Using Interrupts

© 2018 Microchip Technology Inc. Application Note DS00002547B-page 2
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Relevant Devices

Relevant Devices
This chapter lists the relevant devices for this document.

tinyAVR 1-series
The following figure shows the tinyAVR 1-series devices, laying out pin count variants and memory sizes:
*  Vertical migration upwards is possible without code modification, as these devices are pin

compatible and provide the same or more features. Downward migration may require code
modification due to fewer available instances of some peripherals.

*  Horizontal migration to the left reduces the pin count and, therefore, the available features.

Figure 1-1. tinyAVR® 1-series Overview
Devices with different Flash memory size typically also have different SRAM and EEPROM.
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Theory of Operation

Analog-to-Digital Conversion
Before an analog voice signal can be stored digitally, it must be converted to a digital signal. This is done
in multiple steps.

Figure 2-1. Example Analog Signal
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First, the analog signal, depicted in the figure above, is converted to a time discrete signal by taking
periodic samples, as shown in the figure below. The time interval between two samples is called the
“sampling period” and its reciprocal the “sampling frequency”. According to the sampling theorem, the
sampling frequency has to be at least double the maximum frequency component present in the sampled
signal. Otherwise, the periodic continuation of the signal in the frequency domain would result in spectral
overlap, called “aliasing”. An aliased signal can not be uniquely reconstructed from its samples.

Figure 2-2. Time Discrete Signal
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A speech signal contains its major information below 3 kHz, therefore a low-pass filter can be used to
band-limit the signal. For an ideal low-pass filter with a cut-off frequency of 3000 Hz, the sampling
frequency must be 6000 Hz or more. Depending on the filter, the filter slope is more or less steep.
Especially for a first order filter like the RC filter used in this application, it is necessary to choose a much
higher sampling frequency. The upper limit is set by the features of the analog-to-digital converter.

Determining the digital values that represent the analog samples taken at this sampling frequency is
called quantization. The analog signal is quantized by assigning an analog value to the nearest allowed
digital value, as depicted in the figure below. The number of available digital values is called resolution
and is always limited, for example to 256 values for an 8-bit digital sample. Therefore, the quantization of
the analog signals always results in a loss of information. This quantization error is inversely proportional
to the resolution of the digital signal. It is also inversely proportional to the dynamic range of the signal,
the range between minimum and maximum values. The conversion range of the AVR ADC can be
adjusted to the dynamic range of the signal by setting the voltage reference to a maximum value suitable
for the application.
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Figure 2-3. Quantized Signal
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Alternatively, the microphone amplifier can be designed to cover the ADC dynamic range. Both methods
reduce the quantization error.

The figure below shows the digital values that represent the analog signal. These are the values that are
read as ADC conversion results, and can be stored in memory.

Figure 2-4. Digital Signal
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Digital-to-Analog Conversion

The AVR Digital-to-Analog Converter (DAC) peripheral can be used to convert the digitally stored values
to an analog output. By setting the voltage reference correctly to define maximum output value and use a
timer to replicate sampling frequency as output frequency, the original signal is reconstructed. Each
sample is held on the output for one output period (corresponding to the time in-between the samples
being taken). For the example signal, this would look similar to the figure below.

Figure 2-5. Reconstructed Signal

>N

The output filter smoothens the signal from the DAC. For example, the output signal would end up similar
to the figure below. The signal is very similar to the original analog input signal, except for error from
quantization, which is large in the depicted example as the 3-bit samples have only eight possible values.
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Figure 2-6. Output Signal After Filtering
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Implementation

Setup and Main Loop

When the program is started, the setup of the external memory and internal peripherals is initiated. This
involves the setup of the SPI for data storage device interfacing, ADC for sampling of the microphone,
DAC for output to the speaker, PORT settings for buttons, a timer for correct sampling and playback
frequency, and event system for signaling the ADC. Separate buttons are set up to trigger the record,
playback, and erase subroutines. This functionality is depicted in the figure below.

Figure 3-1. Main Loop

Setup

Y
Record button Call record
pressed? subroutine
Erase button Call erase
pressed? subroutine
Playback button Call playback
pressed? subroutine

A

A

Record

After the record button is pressed, the routine depicted in the figure below is initiated. The flowchart on
the left indicates functionality in software, and the one on the right indicates hardware. ADC is triggered to
start a conversion when the sampling timer overflows. An ISR is triggered when the conversion result is
ready, which stores the result in a buffer. When the buffer is full, it is sent to the external memory by the
software routine (signaling from the ISR to the software routine is made via a globally defined flag). Two
alternating buffers are used to avoid loss of data.
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Figure 3-2. Record Subroutine
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Playback

When the playback button is pressed, the routine depicted in the figure below is initiated. As stated
before, the flowcharts on the left and right reflect functionality in software and hardware, respectively. The
sample timer overflow ISR updates the DAC data register in order to change the output at the same rate
as the samples were taken. This results in a reconstructed signal, which is as accurate as possible.
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Figure 3-3. Playback Subroutine
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Erase
When the erase button is pressed, the routine depicted in the figure below is initiated. This routine erases

the external memory between the start of memory and the last write location.
Figure 3-4. Erase Subroutine
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Required Hardware

For this application note, there are two hardware setup options:
*  Parrot Field Engagement Board
«  Evaluation Kit Setup with ATtiny817 Xplained Pro

Parrot Field Engagement Board

The ATtiny817 Parrot Field Engagement Board employs the operational implementation outlined in this
application note. It uses an 8-Mb SPI Serial Flash for data storage. With the default sampling frequency, it
is possible to record for just over one minute using the provided firmware. The operation involves five
buttons: REC., PLAY/STOP, BACK, FORWARD, and ERASE. The board is depicted in the figure below.
For more information, see the Parrot Field Engagement Board Hardware User Guide.

Figure 4-1. ATtiny817 Parrot Field Engagement Board
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Hardware Setup Using an Evaluation Kit

The figure below shows the necessary connections between the ATtiny817 Xplained Pro board and the
required extension kits. The EXT1 header connects with the SD card via the SPI peripheral alternate pin
locations, as well as the microphone and speaker circuit. The EXT3 header connects with the buttons
used to trigger record, erase, and playback. It should be noted that the extension kits cannot be plugged
in directly in the ATtiny817 Xplained Pro board in this case, but will be connected accordingly, using
jumper cables; the reasons for this include access to other signals (in the case of EXT1) and pins
associated with the required functionality not being connected (in the case of EXT3).
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Figure 4-2. Xplained Pro Board Connections
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OLED1 Xplained Pro

The microphone and the speaker circuit are easily made with a few extra components. This circuit should
be modified depending on the microphone, speaker, and op amps available. An example is shown in the

figure below.

© 2018 Microchip Technology Inc.
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Figure 4-3. Example Microphone and Speaker Circuit
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The microphone amplifier is a simple inverting amplifier. The gain is set with R1 and R3 (gain = R1/R3).
R2 is used to set the appropriate bias voltage for the microphone and C1 blocks any DC component from
reaching the amplifier. R4 and R5 define the offset. R6 and C2 form a simple first order low-pass filter. In
addition, R6 protects the amplifier from any damage if the output is short-circuited.

The speaker circuit uses an amplifier specially designed for audio. The gain from the audio input to the
speaker is set by R7 and R8 (gain = 2*R7/R8). Power supply filtering is made via C4, C5, and C7. C6 and
provides a low-impedance AC path to ground to enhance power supply noise rejection. C3 is an input
coupling capacitor, which creates a high-pass filter. More information can be found in the SSM2211 data
sheet.

Writing Raw Data to an SD Card via SPI

One of the example projects accompanying this application note utilizes an SD card for data storage
without a file system. This means data is written to and read from the SD card in raw format. The
interface used is SPI, and the process to do this is detailed here by ELM-Chan. The driver files included
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in the example project enables multiple-sector read and write, allowing raw data to be stored efficiently.
This process minimizes code size and card busy time, but does not allow portability as there is no file
system used; a PC can therefore not easily be used to read written raw data. See 5. Get Source Code
from Atmel | START for more information on how to download the example project.

Note: * http://elIm-chan.org/docs/mmc/mmc_e.html (images in this chapter are modified versions of
images sourced from here).

SD Card Interfacing with SPI

Control of multimedia and SD cards without a native host interface is possible by using the SPI mode of
the card. An AVR SPI peripheral can be used for this with ease. The communication protocol is relatively
simple, using SPI mode 0. The pin setup for the SD card can be seen in the figure below. The MISO
signal should be pulled high with a pull-up resistor.

Figure 4-4. Pin Connections Between AVR and SD Card

ﬁ 4 Card

Re
AVR  spics b cs
SPI SCK —> SCLK
SPIMOSI |—> DI
SPIMISO |— DO

SPI Command and Response

Any operation begins with a command sequence, as depicted in the figure below. A command frame is
sent to the SD card and it replies with a response indicating the current status within command response
time (N¢R), which is zero to eight bytes for SD cards. The flags contained within the response byte can be
seen in Figure 4-6, and additionally to this an R3 or R7 response is defined as an R1 response with
trailing 32-bit data. For most commands, a response of 0 is considered successful. A table of the
commands used for storing raw data on an SD card can be seen in Table 4-1. More information on
commands can be found in the specification sheets from MMCA and SDCA.

Figure 4-5. Command Sequence

) Command Frame _ *Ncr _R1response |

| | | | | | | |
SCLK Qﬂﬂﬂ” W
| | | | | | | | |

DI o ndex [T agument T | cre | \

| bs b0 [ba1 | | | b b6 bo |
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Figure 4-6. SPI Response

Command Response

R1 Response R3 Response
0 R1 ~ OCR
‘ 'In Idle State /
Erase Reset Operation Conditions Regiser (32 bits)

lllegal Command
Command CRC Error
Erase Sequence Error
Address Error
Parameter Error
Table 4-1. SPI Commands Used

CMDO GO_IDLE Software reset

CMD1 INIT Initiate initialization process

ACMD41(*) APP_INIT For SDC only. Initiate initialization process.
CMD8 CHECK_V For SDC v2 only. Check voltage range.
CMD12 STOP_READ Stop reading data

CMD16 SET_BLOCKLEN Change R/W block size

CMD18 READ_MULTI_BLOCK Read multiple blocks

CMD25 WRITE_MULTI_BLOCK Write multiple blocks

CMD55 ACMD_LEADING Leading command of ACMD<n> command
CMD58 READ_OCR Read Operation Conditions Register

Note: * ACMD<n> means a command sequence of CMD55-CMD<n>.

Initialization

The initialization process for operating an SD card in SPI mode is depicted in the figure below. This
function should be the first to be called when using the driver files accompanying this application note.
When this process fails continually, the SD card may need to be re-inserted from the card slot on the
extension kit.
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Figure 4-7. SDC/MMC Initialization in SPI Mode
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Data Access

Once the SD card is correctly initialized, data transactions are possible. The format of data packets and
relevant indicator bytes can be seen in the figure below. A data packet consists of a start token (Data
Token), the data itself (Data Block), and a two-byte CRC value. This packet structure applies for both
reading and writing; however, the Data Token will vary depending on the operation in progress. The Error
Token will replace the Data Token during a Read in the event of an error. The Data Response byte
contains status during a Write.

Figure 4-8. Data Packet and Data Response

Data Packet

Data Token Data Block CRC
1 byte 1-2048 bytes 2 bytes

Error Token
1111111111111 10| cmp17/18/24 01010 :Fl:ags:
CC Error

11111]1/1[110]0| cmp2s |
Card ECC failed

Out of
1 1 1 1 111 01 Stop Tran token for CMD25 Cardlijs?ocrligge

‘ IError

Data Response
XIX[X10 Status 1

Data accepted
1 O 1 Data rejected due to a CRC error
1 1 O Data rejected due to a write error

Different commands are used when reading or writing a single sector versus multiple sectors. The
included driver files use multiple sector read and write, implemented in a set of Start, Continue, and Stop
functions each for read and write. The operation can be split into multiple function calls with arbitrary
pauses between calls because the card is only active when there is an SPI clock. For example, these
arbitrary pauses can be used to collect more data. The figure below indicates the read process in its
entirety. When using the included driver files to implement multiple sector read, it is necessary to call the
function to start a read process, followed by a call to the continue Read function for each data packet to
be read, and then the Stop read function, which tells the card to finalize the read process. The function to
start a read includes sending a CMD18, receiving the command response and waiting for the Data Token
to indicate the beginning of the first data packet. If this returns successfully, it is possible to receive data
packets using the Continue read function. This receives data and keeps track of when the Data Block is
ending and the CRC should be received, followed by waiting for the Data Token of the following packet.
Data can be received continually by repeatedly calling the Continue read function. When all desired data

© 2018 Microchip Technology Inc. Application Note DS00002547B-page 19
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has been read, the read process should be finalized with a call to the read stop function, which sends a
CMD12 to the card, receives the command response, and waits until the card is no longer busy.

Figure 4-9. Multiple Sector Read Process

~——disk_read_start disk_read_continue (repeated calls) disk_read_stop ————

— <— 1~8 bytes

DI [ cmD18 /Cmd CMD12 Ccmd

Resp. [~ /Resp.
DO |_| Data Packet | | Data Packet | /| | | Busy |
Data Packet
The multiple sector write process is depicted in the figure below. When using the driver files, the Start
write function should be called first to begin a write process. This sends a CMD25 to the card, receives
the command response, and sends one dummy byte, which is required before sending the first Data
Packet. The Write continue function can then be used to send data. This function also keeps track of
when the Data Block should be followed by two CRC bytes, and then verifies the Data Response and
waits for the end of the card busy time. Data can be continually sent by repeatedly calling the write
continue function. When all necessary data has been written to the card, the write process should be
finalized using the Stop write function. This sends a Stop Token (Data Token for CMD25) to indicate to
the card that all the data has been sent. The function will return after the final card busy time has ended.

Figure 4-10. Multiple Sector Write Process

<~——disk_write_start disk_write_continue (repeated calls) ——————— | ~disk_write_stop >
— <—Data token
21 byte — ~— - 1 byte
DI CMD25 | Data Packet | Data Packet stop | |
Tran
DO crmd ] Data | |BUSY | Data - |Busy | | [Busy |
Resp Resp Resp

Storing Digital Sound as Raw Data on an SD Card

The process defined above is used with one of the accompanying example projects provided to store a
digitally recorded signal externally to the AVR device. This enables a device with limited memory such as
the ATtiny817 to perform data collection on a scale not possible with its internal memory. The described
Start, Continue, and Stop functions for both read and write are used in the record and playback functions.
Using the SD card in SPI mode enables the data to be read and written at a rate defined by the SPI clock
and at intervals defined by how fast the end of the current buffer is reached.

Limitations
This application note demonstrates that a complex task can be performed using a device with limited
memory, such as the ATtiny817. However, this implementation does have some limitations.

Data Portability

The data representing the recorded digital voice signal cannot be easily read by a PC. Even though it is
stored on an SD card, there is no file system used, so the data is stored in a raw format without a
structure readable by typical PC software.

Power Stability

The SD card used to store data may enter an undefined state if its power source goes below a certain
level (also relevant when power toggles). This will result in the SD card responding correctly during
initialization and when writing data, however, it may cause an error when trying to perform a Read
operation. This requires the card to be removed from the slot and re-inserted, triggering a reinitialization.
Read can then be performed correctly. This state is indicated by a record operation performing correctly,
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followed by a playback with no sound and a periodic flash of the LED. After the SD card has been
removed and reinserted, the playback button should be pressed again, at which time the recorded data
can be played back successfully.
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Get Source Code from Atmel | START

The example code is available through Atmel | START, which is a web-based tool that enables
configuration of application code through a Graphical User Interface (GUI). The code can be downloaded
for both Atmel Studio and IAR Embedded Workbench® via the direct example code-link below or the
Browse examples button on the Atmel | START front page.

Atmel | START web page: http://microchip.com/start
Example Code

AVR42777 Digital Sound Recorder
*  http://start.atmel.com/#example/Atmel:voice_recorder_with_dac:
1.0.0::Application:AVR42777_Digital_Sound_Recorder:
AVR42777 Parrot
+  http://start.atmel.com/#example/Atmel:parrot_feg:1.0.0::Application:AVR42777_Parrot:
Click User guide in Atmel | START for details and information about example projects. The User guide

button can be found in the example browser, and by clicking the project name in the dashboard view
within the Atmel | START project configurator.

Atmel Studio

Download the code as an .atzip file for Atmel Studio from the example browser in Atmel | START, by
clicking Download selected example. To download the file from within Atmel | START, click Export project
followed by Download pack.

Double click the downloaded . atzip file and the project will be imported to Atmel Studio 7.0.
IAR Embedded Workbench

For information on how to import the project in IAR Embedded Workbench, open the Atmel | START User
Guide, select Using Atmel Start Output in External Tools, and IAR Embedded Workbench. A link to the
Atmel | START User Guide can be found by clicking Help from the Atmel | START front page or Help And
Support within the project configurator, both located in the upper right corner of the page.

Code Configuration

Two projects are available to accompany this application note:
*  AVR42777 Digital Sound Recorder: uses raw data on an SD card for storing the recorded data.
*  AVR42777 Parrot: uses a serial DataFlash for data storage.

Both use the same peripheral setup to implement recording and playback.

Optionally, the sampling frequency can be changed in order to either increase the sound quality (sampling
frequency increased) or increase the amount of possible recording time (sampling frequency decreased).
To do this, simply change the hash define "SAMPLE_FREQ" at the top of the main file (this will be either
voice_recorder.c or parrot.c depending on which project has been chosen).
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6. Revision History
B 10/2018
A 09/2017
42777A 10/2016

Updated tinyAVR 1-series diagram.
Fixed grammar and punctuation.
Added author.

Converted to Microchip format and replaced the Atmel
document number 42777A.

Added "Relevant Devices" map from [Common], and
changed references to tinyAVR 1-series. Affected
documents are: Features

Added "Get source code from Atmel Start" and updated
"variables" with direct link to START project.

Initial release of document.
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The Microchip Web Site

Microchip provides online support via our web site at http://www.microchip.com/. This web site is used as
a means to make files and information easily available to customers. Accessible by using your favorite
Internet browser, the web site contains the following information:

*  Product Support — Data sheets and errata, application notes and sample programs, design
resources, user’s guides and hardware support documents, latest software releases and archived
software

*  General Technical Support — Frequently Asked Questions (FAQ), technical support requests,
online discussion groups, Microchip consultant program member listing

* Business of Microchip — Product selector and ordering guides, latest Microchip press releases,
listing of seminars and events, listings of Microchip sales offices, distributors and factory
representatives

Customer Change Notification Service

Microchip’s customer notification service helps keep customers current on Microchip products.
Subscribers will receive e-mail notification whenever there are changes, updates, revisions or errata
related to a specified product family or development tool of interest.

To register, access the Microchip web site at http://www.microchip.com/. Under “Support”, click on
“Customer Change Notification” and follow the registration instructions.

Customer Support

Users of Microchip products can receive assistance through several channels:

»  Distributor or Representative
* Local Sales Office
*  Field Application Engineer (FAE)
»  Technical Support
Customers should contact their distributor, representative or Field Application Engineer (FAE) for support.

Local sales offices are also available to help customers. A listing of sales offices and locations is included
in the back of this document.

Technical support is available through the web site at: http://www.microchip.com/support

Microchip Devices Code Protection Feature

Note the following details of the code protection feature on Microchip devices:

*  Microchip products meet the specification contained in their particular Microchip Data Sheet.

*  Microchip believes that its family of products is one of the most secure families of its kind on the
market today, when used in the intended manner and under normal conditions.

*  There are dishonest and possibly illegal methods used to breach the code protection feature. All of
these methods, to our knowledge, require using the Microchip products in a manner outside the
operating specifications contained in Microchip’s Data Sheets. Most likely, the person doing so is
engaged in theft of intellectual property.

*  Microchip is willing to work with the customer who is concerned about the integrity of their code.
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*  Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their
code. Code protection does not mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the
code protection features of our products. Attempts to break Microchip’s code protection feature may be a
violation of the Digital Millennium Copyright Act. If such acts allow unauthorized access to your software
or other copyrighted work, you may have a right to sue for relief under that Act.

Legal Notice

Information contained in this publication regarding device applications and the like is provided only for
your convenience and may be superseded by updates. It is your responsibility to ensure that your
application meets with your specifications. MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY
OR OTHERWISE, RELATED TO THE INFORMATION, INCLUDING BUT NOT LIMITED TO ITS
CONDITION, QUALITY, PERFORMANCE, MERCHANTABILITY OR FITNESS FOR PURPOSE.
Microchip disclaims all liability arising from this information and its use. Use of Microchip devices in life
support and/or safety applications is entirely at the buyer’s risk, and the buyer agrees to defend,
indemnify and hold harmless Microchip from any and all damages, claims, suits, or expenses resulting
from such use. No licenses are conveyed, implicitly or otherwise, under any Microchip intellectual
property rights unless otherwise stated.

Trademarks

The Microchip name and logo, the Microchip logo, AnyRate, AVR, AVR logo, AVR Freaks, BitCloud,
chipKIT, chipKIT logo, CryptoMemory, CryptoRF, dsPIC, FlashFlex, flexPWR, Heldo, JukeBlox, KeelLoq,
Kleer, LANCheck, LINK MD, maXStylus, maXTouch, MediaLB, megaAVR, MOST, MOST logo, MPLAB,
OptoLyzer, PIC, picoPower, PICSTART, PIC32 logo, Prochip Designer, QTouch, SAM-BA, SpyNIC, SST,
SST Logo, SuperFlash, tinyAVR, UNI/O, and XMEGA are registered trademarks of Microchip Technology
Incorporated in the U.S.A. and other countries.

ClockWorks, The Embedded Control Solutions Company, EtherSynch, Hyper Speed Control, HyperLight
Load, IntelliMOS, mTouch, Precision Edge, and Quiet-Wire are registered trademarks of Microchip
Technology Incorporated in the U.S.A.

Adjacent Key Suppression, AKS, Analog-for-the-Digital Age, Any Capacitor, Anyln, AnyOut, BodyCom,
CodeGuard, CryptoAuthentication, CryptoAutomotive, CryptoCompanion, CryptoController, dsPICDEM,
dsPICDEM.net, Dynamic Average Matching, DAM, ECAN, EtherGREEN, In-Circuit Serial Programming,
ICSP, INICnet, Inter-Chip Connectivity, JitterBlocker, KleerNet, KleerNet logo, memBrain, Mindi, MiWi,
motorBench, MPASM, MPF, MPLAB Certified logo, MPLIB, MPLINK, MultiTRAK, NetDetach, Omniscient
Code Generation, PICDEM, PICDEM.net, PICkit, PICtail, PowerSmart, PureSilicon, QMatrix, REAL ICE,
Ripple Blocker, SAM-ICE, Serial Quad I/0, SMART-L.S., SQI, SuperSwitcher, SuperSwitcher I, Total
Endurance, TSHARC, USBCheck, VariSense, ViewSpan, WiperLock, Wireless DNA, and ZENA are
trademarks of Microchip Technology Incorporated in the U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated in the U.S.A.
Silicon Storage Technology is a registered trademark of Microchip Technology Inc. in other countries.

GestIC is a registered trademark of Microchip Technology Germany Il GmbH & Co. KG, a subsidiary of
Microchip Technology Inc., in other countries.

All other trademarks mentioned herein are property of their respective companies.
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Quality Management System Certified by DNV

ISO/TS 16949

Microchip received ISO/TS-16949:2009 certification for its worldwide headquarters, design and wafer
fabrication facilities in Chandler and Tempe, Arizona; Gresham, Oregon and design centers in California
and India. The Company’s quality system processes and procedures are for its PIC® MCUs and dsPIC®
DSCs, KEELOQ® code hopping devices, Serial EEPROMSs, microperipherals, nonvolatile memory and
analog products. In addition, Microchip’s quality system for the design and manufacture of development
systems is ISO 9001:2000 certified.
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Worldwide Sales and Service

AMERICAS ASIA/PACIFIC ASIA/PACIFIC m

Corporate Office
2355 West Chandler Blvd.
Chandler, AZ 85224-6199
Tel: 480-792-7200
Fax: 480-792-7277
Technical Support:
http://www.microchip.com/
support

Web Address:
www.microchip.com
Atlanta

Duluth, GA

Tel: 678-957-9614
Fax: 678-957-1455
Austin, TX

Tel: 512-257-3370
Boston
Westborough, MA
Tel: 774-760-0087
Fax: 774-760-0088
Chicago

Itasca, IL

Tel: 630-285-0071
Fax: 630-285-0075
Dallas

Addison, TX

Tel: 972-818-7423
Fax: 972-818-2924
Detroit

Novi, Ml

Tel: 248-848-4000
Houston, TX

Tel: 281-894-5983
Indianapolis
Noblesville, IN

Tel: 317-773-8323
Fax: 317-773-5453
Tel: 317-536-2380
Los Angeles
Mission Viejo, CA
Tel: 949-462-9523
Fax: 949-462-9608
Tel: 951-273-7800
Raleigh, NC

Tel: 919-844-7510
New York, NY

Tel: 631-435-6000
San Jose, CA

Tel: 408-735-9110
Tel: 408-436-4270
Canada - Toronto
Tel: 905-695-1980
Fax: 905-695-2078

Australia - Sydney
Tel: 61-2-9868-6733
China - Beijing

Tel: 86-10-8569-7000
China - Chengdu

Tel: 86-28-8665-5511
China - Chongqing
Tel: 86-23-8980-9588
China - Dongguan
Tel: 86-769-8702-9880
China - Guangzhou
Tel: 86-20-8755-8029
China - Hangzhou
Tel: 86-571-8792-8115
China - Hong Kong SAR
Tel: 852-2943-5100
China - Nanjing

Tel: 86-25-8473-2460
China - Qingdao

Tel: 86-532-8502-7355
China - Shanghai

Tel: 86-21-3326-8000
China - Shenyang
Tel: 86-24-2334-2829
China - Shenzhen
Tel: 86-755-8864-2200
China - Suzhou

Tel: 86-186-6233-1526
China - Wuhan

Tel: 86-27-5980-5300
China - Xian

Tel: 86-29-8833-7252
China - Xiamen

Tel: 86-592-2388138
China - Zhuhai

Tel: 86-756-3210040

India - Bangalore
Tel: 91-80-3090-4444
India - New Delhi
Tel: 91-11-4160-8631
India - Pune

Tel: 91-20-4121-0141
Japan - Osaka

Tel: 81-6-6152-7160
Japan - Tokyo

Tel: 81-3-6880- 3770
Korea - Daegu

Tel: 82-53-744-4301
Korea - Seoul

Tel: 82-2-554-7200
Malaysia - Kuala Lumpur
Tel: 60-3-7651-7906
Malaysia - Penang
Tel: 60-4-227-8870
Philippines - Manila
Tel: 63-2-634-9065
Singapore

Tel: 65-6334-8870
Taiwan - Hsin Chu
Tel: 886-3-577-8366
Taiwan - Kaohsiung
Tel: 886-7-213-7830
Taiwan - Taipei

Tel: 886-2-2508-8600
Thailand - Bangkok
Tel: 66-2-694-1351
Vietnam - Ho Chi Minh
Tel: 84-28-5448-2100

Austria - Wels

Tel: 43-7242-2244-39
Fax: 43-7242-2244-393
Denmark - Copenhagen
Tel: 45-4450-2828
Fax: 45-4485-2829
Finland - Espoo

Tel: 358-9-4520-820
France - Paris

Tel: 33-1-69-53-63-20
Fax: 33-1-69-30-90-79
Germany - Garching
Tel: 49-8931-9700
Germany - Haan

Tel: 49-2129-3766400
Germany - Heilbronn
Tel: 49-7131-67-3636
Germany - Karlsruhe
Tel: 49-721-625370
Germany - Munich
Tel: 49-89-627-144-0
Fax: 49-89-627-144-44
Germany - Rosenheim
Tel: 49-8031-354-560
Israel - Ra’anana

Tel: 972-9-744-7705
Italy - Milan

Tel: 39-0331-742611
Fax: 39-0331-466781
Italy - Padova

Tel: 39-049-7625286
Netherlands - Drunen
Tel: 31-416-690399
Fax: 31-416-690340
Norway - Trondheim
Tel: 47-7289-7561
Poland - Warsaw

Tel: 48-22-3325737
Romania - Bucharest
Tel: 40-21-407-87-50
Spain - Madrid

Tel: 34-91-708-08-90
Fax: 34-91-708-08-91
Sweden - Gothenberg
Tel: 46-31-704-60-40
Sweden - Stockholm
Tel: 46-8-5090-4654
UK - Wokingham

Tel: 44-118-921-5800
Fax: 44-118-921-5820
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