MICROCHIP TB3204
DMX-512 using the UART with Protocol Support

Introduction

Author: Ashish Makthal, Microchip Technology Inc.

DMX-512 is an industry standard protocol that is commonly used to control stage lighting and theatrical
effects like fog machines, and is commonly used for color changing LEDs. The latest 8-bit PIC®
microcontrollers offer a new UART module that has built-in support for DMX-512 protocol. This module
also supports other protocols such as DALI and LIN.

Overview

This publication discusses the capabilities of the new UART module when operating in the DMX mode.
Both the Controller and Receiver modes are supported in this module. This publication also shows how to
use the Direct Memory Access (DMA) module with the UART module, which helps reduce CPU load.
There are code snippets in this document that will help in setting up the module.
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DMX-512 Protocol

A DMX-512 system consists of a universe which is comprised of 512 channels. Each channel can have
any value between 0-255. A DMX packet mainly consists of a burst of data (up to 512 data bytes). The
position of the byte in the data stream determines which device in the DMX universe will respond to it.
This protocol has a fixed baud rate of 250,000 bits per second. The data format for the protocol is defined
as one start bit, eight data bits (LSb first), two stop bits and no parity bit.

As a DMX controller, the device is supposed to send a start code before the 512 data bytes. These
framed bytes are commonly known as slots. The first frame, which consists of the start code, is called slot
0 and the next frame is slot 1 and so on until slot 512.

Tip: The start code is usually ‘0x00’ for normal operation. Alternate start codes can be used to
perform other enhanced functionality. Refer to the DMX specification for more detail about
alternate start code implementations.

In a DMX universe, all the slave devices are connected in a daisy chain. Each slave device has a “DMX
IN” connector and a “DMX OUT” connector. The controller (master) device usually has just a “DMX OUT”
connector. A terminator is specified in the DMX specification that is to be connected to the final “DMX
OUT”. Refer to the figure below for a basic block diagram of a DMX universe.

Figure 1-1. Block Diagram of a DMX Universe

DMX512 Universe
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DMX protocol data is transmitted over a differential pair of lines using the RS-485 voltage levels. The
DMX specification mentions that XLR-5 type connectors are to be used for the system connections. Refer
to the DMX specification for more detail about cabling and other electrical parameters.

Tip: The specification documents for the DMX protocol and the cabling requirements can be
found on the ESTA Technical Standards Program website.

Advantages of UART with Protocol Support

The new UART with protocol support module is helpful in many ways for handling the flow of data for the
specific protocols. Figure 1-2 is a timing diagram for a DMX message. The individual events have specific
timing requirements as defined in the DMX specifications. The UART module with protocol support will
automatically produce the correct sequence of events with the timing requirements. The user software
does not have to account for maintaining the timings for these events.

When used as a DMX receiver, the module can detect a break condition and determine if it is valid, and
then start receiving the DMX packets. It will ignore the DMX packet if the break event timings are not met.
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Also, as a DMX receiver only a few bytes in the stream of 512 data bytes might be significant. The UART
module can be configured to receive a subset of the full DMX message and will only produce receive
interrupts when the necessary bytes are received. This eliminates the need for the software to handle
unnecessary interrupts and keep track of the number of bytes received.

Several of the newer 8-bit PIC microcontrollers feature the DMA module, which can be used in
conjunction with the UART to transmit or receive data independently of the CPU. This frees up the CPU
to handle other important tasks while the DMA handles the DMX data packet.

Figure 1-2. Timing Diagram

Description Minimum (us) | Maximum (us) Typical (ps)
Break 92 176
Mark after Break 12 <1,000,000
Bit Time 3.92 4.02 4
DMX512 packet 1204 1,000,000
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UART with Protocol as DMX Master

As mentioned in the previous section, the UART with protocol helps simplify user firmware by managing
the timing requirements for the DMX protocol. User firmware needs to configure the module in DMX
mode, setup the baud rate generator for 250k baud based on the system clock settings, and program the
number of bytes to be sent in the DMX packet.

The start of a new DMX packet is signified by the Break condition, followed by a logical one referred to as
the Mark After Break (MAB) condition. The Break condition serves as a framing reference for the DMX
receivers that may have lost synchronization. The UART module will produce the break, followed by the
MAB, as soon as the first byte is loaded in the Transmit Buffer (UxTXB). The number of data bytes to be
sent after the start code is defined by the value in the UART Parameter 1 (UxP1) register. User firmware
should load this register at a value of one less than the total number of data bytes to be sent excluding
the start code. Refer to the code examples below for more details.

After the required number of bytes have been transmitted, the UART module will produce two stop bits on
the bus, which signifies the end of a DMX packet. The line is then held at the Mark (logical one) condition
until the next Break condition is produced. This state of logical one is called the Mark Before.

To start the next DMX packet, the user firmware has to load the UxTXB register. There is no need to
reconfigure the module unless the next packet is of a different size.

Setup for DMX Controller
The UART with protocol module can be configured as a DMX controller with the following settings:
* MODE<3:0>=1010 - Selects the DMX mode
« TXEN =1 - Enables the transmitter
« RXEN = 0 - Disables the receiver
«  TXPOL = 0 - Selects regular polarity
e STP<1:0> =10 - for 2 stop bits
*  UxP1 = One less than the number of bytes to transmit (excluding the start code)
*+  UxBRGH:L = Value to achieve 250K baud rate
*  RxyPPS = TX pin output code
+ ON-=1

Tip: Complete working demo for the DMX controller can be found on the MPLAB® Xpress
Cloud-Based IDE platform. See the MPLAB Xpress Code Examples.

© 2018 Microchip Technology Inc. DS90003204A-page 5
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Example 2-1. Code snippet for setup as DMX Controller
Note: This code example is written for PIC18F25K42. The PPS setting might vary for

different devices.

void UART Initialize() {

//UART module settings

U1CONObits.MODE = 0b1010; //Select DMX mode

UlCONObits.TXEN = 1; //Enable transmitter
UlCONObits.RXEN = 0; //Disable receiver
ULlCON2bits.TXPOL = O0; //Standard polarity, TX pin will idle high
ULCON2bits.STP = 0bl0; //2 stop bits

//DMX data packet settings

UlP1 = MAXCHANNELS-1; //Total number of data bytes - 1
UlP2 = 0x00; //Not used in DMX controller

UlP3 = 0x00; //Not used in DMX controller

// Baud rate generator settings

ULlCONObits.U1BRGS = 1; //High speed baud generation

U1lBRG = 0x3F; //Value for UIBRG for Fosc = 64MHz

//PPS settings for TX functionality on pin RC6
ANSELCbits.ANSELC6 = 0; //Make RC6 a digit
TRISCbits.TRISC6 = 0; //Make RC6 an outp
RC6PPS = 0b010011;
UlON =

0x01; //Turn on UART mod

al I/0
ut

ule

//Assign TX functionality to RC6

© 2018 Microchip Technology Inc.
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UART with Protocol as DMX Receiver

The UART with protocol can be configured as a DMX receiver and the module can detect and respond to
only valid break + Mark After Break (MAB) conditions. This helps the microcontroller to idle or attend to
other high priority interrupts while it waits for a break condition. A break received interrupt is available,
which will trigger only if the correct timing requirements are met for the break condition.

The first byte following a break + MAB condition is always received in the UART Receive Buffer (UxRXB).
This is the slot 0 data or commonly known as the start code of the DMX packet. User firmware can read
this byte out of the UxRXB register and branch away from normal reception, if it is a special start code.

Based on the application, the receiver would be interested in only a small range of data in the complete
DMX packet. The UART with protocol helps simplify user firmware by having a configurable address
range where the module will ignore all the data bytes outside that range. The address range is defined by
the UART Parameter 2 (UxP2: start address) and UART Parameter 3 (UxP3: end address) registers. The
module will produce receive interrupts only for the range defined by these registers. This helps reduce
unnecessary software overhead to handle unwanted interrupts.

The module can be configured to wait for two stop bits at the end of the packet and verify that two stop
bits were received by setting the STP<1:0> bits of UXCON2 register to ‘0b10’.

User firmware does not have to update the configuration to receive the next DMX packet, unless the
address range is changing.

Setup for DMX Receiver
The UART with protocol module can be configured as a DMX receiver with the following settings:
*  MODE<3:0>=1010 - Selects the DMX mode
* TXEN = 0 - Disables the transmitter
« RXEN =1 - Enables the receiver
+ RXPOL = 0 - Selects regular polarity
*  STP<1:0> = 10 for verifying the reception of 2 stop bits
*  UxP2 = Address of first byte to receive
*  UxP3 = Address of last byte to receive
«  UxBRGH:L = Value to achieve 250K baud rate
*  UxRXPPS = Code for desired input pin
«  Selected input pin should be made a digital input by clearing the corresponding ANSEL bit
*« ON-=1

Tip: Complete working demo for the DMX receiver can be found on the MPLAB® Xpress
Cloud-Based IDE platform. See the MPLAB Press Code Examples.
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Example 3-1. Code snippet for setup as DMX receiver

Note: This code example is written for PIC18F25K42. The PPS setting might vary for
different devices.

void UART Initialize() {
//UART module settings

U1CONObits.MODE = 0b1010; //Select DMX mode

UlCONObits.TXEN = 0; //Disable transmitter
UlCONObits.RXEN = 1; //Enable receiver

ULlCON2bits.RXPOL = 0; //Standard polarity, RX pin will idle high
ULCON2bits.STP = 0bl0; //Recevie and verify 2 stop bits
//DMX data packet settings

UlP1l = 0x00; //Not used in DMX receiver

UlP2 = 0x10; //Address of first byte of interest
UlP3 = 0x20; //Address of last byte of interest
// Baud rate generator settings

UlCONObits.U1BRGS = 1; //High speed baud generation

U1lBRG = 0x3F; //Value for UIBRG for Fosc = 64MHz
//PPS settings for RX functionality on pin RC7
ANSELCbits.ANSELC7 = 0; //Make RC7 a digital I/0
TRISCbits.TRISC7 = 0; //Make RC7 an input

UlRXPPS = 0b010111; //Assign RX functionality to RC7
UlON = 0x01; //Turn on UART module

© 2018 Microchip Technology Inc. DS90003204A-page 8
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UART with Protocol + DMA

Several of the newer 8-bit PIC microcontrollers feature the Direct Memory Access (DMA) module, which
can help move blocks of data without CPU involvement. The DMX-512 protocol is well suited for DMA
based operation as there can be up to 513 bytes (including the start code) that need to be transmitted.
Generally, these bytes are stored in a buffer with the microcontroller and using the DMA module, these
bytes can be moved into the UxTXB without any involvement of the CPU. The DMA can be used at the
receiver end, and to transfer the data bytes defined by the address range into a buffer for further
processing. This makes the application completely core independent. The CPU is required only during
the initial setup of the module.

Note: Refer to TB3164 for more detail about the DMA module.

© 2018 Microchip Technology Inc. DS90003204A-page 9
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DMX Controller with DMA

In the case of a DMX controller, the microcontroller will send up to 513 bytes (including the start code)
from a preloaded buffer. The start code should be included as the first byte of the buffer. This makes the
complete DMX packet transmission automated through the DMA. The DMA module is setup to move one
byte of data at a time from the buffer to the UxTXB register. The DMA operation can be triggered by the
UART Transmit Interrupt Flag (UXTXIF). Every time a byte is transmitted out of the buffer, the DMA is
triggered to move the next data byte. The DMA module can be configured to stop or restart at the end of
the DMX packet. The source address will increment in this case, but the destination address remains
static.

The example code below is for the DMA setup to transfer 300 bytes of data into the U1TXB register. Note
that the UART configuration is still required as mentioned in the section 2.1 Setup for DMX Controller.
The firmware required to load a byte of data into the U1TXB register is eliminated using the DMA module.

Example 4-1. Code snippet for DMA setup to work with DMX Controller

Note: This code example is written for PIC18F25K42. Minor edits might be needed to
use it for other devices that feature the DMA module.

void DMAl Initialize (void)
{

DMA1SSA = &TX DATA; //set source start address

DMA1DSA = &UITXB; //set destination start address

DMAICON1 = 0x03; //DMODE=00 | DSTP=0 | SMR=00 | SMODE=01 | SSTP=1
DMA1SSZ = 0x012C; //set source size = 300 bytes

DMA1DSZ = 0x0001; //set destination size = 1 byte

DMA1SIRQ = 0x1C; //set DMA Transfer Trigger Source = U1TX
DMA1AIRQ = 0x00; //set DMA Transfer abort Source

PIR2bits.DMALIDCNTIF
PIR2bits.DMA1ISCNTIF
PIR2bits.DMAIAIF = 0
PIR2bits.DMALIORIF =
PIE2bits.DMA1DCNTIE
PIE2bits.DMA1SCNTIE
PIE2bits.DMA1AIE = 0O
PIE2bits.DMAIORIE =

//clear Destination Count Interrupt Flag

//clear Source Count Interrupt Flag

//clear abort Interrupt Flag

//clear overrun Interrupt Flag

; //disable Destination Count Interrupt

0; //disable Source Count Interrupt
//disable abort Interrupt

; //disable overrun Interrupt

I
o

o~

O ~.

asm ("BCF INTCONO,7"); //disable Global Interrupts

asm ("BANKSEL PRLOCK") ; //

asm ("MOVLW 0x55") ; //

asm ("MOVWF PRLOCK") ; //Arbiter Priority lock

asm ("MOVLW OxAA"); //sequence

asm ("MOVWF PRLOCK") ; //

asm ("BSF PRLOCK, 0"); //

asm("BSF INTCONO,7"); //enable Global Interrupts

DMAICONO = 0x80; //EN=1 | SIRQEN=0 | DGO=0 | xx | ATRQEN=0 | x | XIP=0

Note: User firmware can set the SIRQEN bit whenever the DMA transaction needs to start. This can be
done by the following line of code.

DMA1CONObits.SIRQEN = 1;

© 2018 Microchip Technology Inc. DS90003204A-page 10
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DMX Receiver with DMA

In the case of DMX receiver, the microcontroller will need to receive a range of data from the complete
DMX packet. As mentioned earlier, the UART module is capable of filtering unwanted data bytes, but the
firmware still needs to read the necessary bytes from the UxRXB register. Using the DMA module, the
received data bytes can be transferred to a buffer in the RAM area without the involvement of the CPU.

The DMA module is setup to read the incoming byte from the UxRXB register and transfer it to a location
in the RAM area. The destination address will increment in this case, but the source address remains
static. The DMA operation can be triggered by the UART Receive Interrupt Flag (UxRXIF). When a byte
is received into the buffer, the DMA is triggered to move it to the buffer. Note that the receive interrupt will
set only for the valid address range defined in the UART configuration. The DMA module can be
configured to stop or restart every time the destination counter reloads.

The example code below is for the DMA setup to receive 16 bytes of data starting from address 20. Note
that the start code is always received and transferred into the RAM buffer. So the DMA count should be
one more than the number of required bytes. Note that the UART configuration is still required, as
mentioned in section 3.1 Setup for DMX Receiver.

Example 4-2. Code snippet for DMA setup to work with DMX Recevier

Note: This code example is written for PIC18F25K42. Minor edits might be needed to
use it for other devices that feature the DMA module.

void DMAl Initialize(void)
{

DMA1SSA = &UIRXB; //set source start address

DMA1DSA = &RX DATA; //set destination start address

DMA1CON1 = 0x60; //DMODE=01 | DSTP=1 | SMR=00 | SMODE=00 | SSTP=0
DMA1SSZ = 0x0001; //set source size = 1 byte

DMA1DSZ = 0x0011; //set destination size = 17 bytes
DMA1SIRQ = 0x1B; //set DMA Transfer Trigger Source = UlRX
DMA1AIRQ = 0x00; //set DMA Transfer abort Source

PIR2bits.DMAIDCNTIF
PIR2bits.DMA1SCNTIF
PIR2bits.DMALAIF = 0
PIR2bits.DMAIORIF =
PIE2bits.DMA1IDCNTIE
PIE2bits.DMALISCNTIE
PIE2bits.DMAIAIE = 0
PIE2bits.DMAIORIE =

//clear Destination Count Interrupt Flag

//clear Source Count Interrupt Flag

//clear abort Interrupt Flag

//clear overrun Interrupt Flag

0; //disable Destination Count Interrupt

; //disable Source Count Interrupt
//disable abort Interrupt

; //disable overrun Interrupt

]
o o

I o~

O ~-

asm("BCF INTCONO,7"); //disable Global Interrupts

asm ("BANKSEL PRLOCK") ; //

asm ("MOVLW 0x55") ; //

asm ("MOVWE PRLOCK") ; //Arbiter Priority lock

asm ("MOVLW OxAA"); //sequence

asm ("MOVWE PRLOCK") ; //

asm ("BSF PRLOCK, 0"); //

asm("BSF INTCONO,7"); //enable Global Interrupts

DMA1CONO = 0x80; //EN=1| SIRQEN=0 | DGO=0 | xx | AIRQEN=0 | x | XIP=0

Note: User firmware can set the SIRQEN bit whenever the DMA transaction needs to start. This can be
done by the following line of code.

DMA1CONObits.SIRQEN = 1;

© 2018 Microchip Technology Inc. DS90003204A-page 11
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Conclusion

This technical brief provides an overview of using the UART with the protocol support module in the DMX
mode. It explains how the new module is beneficial in handling the timing requirements for the DMX
protocol. The sample code snippets serve as a walk-through on how to get started in building an
application that uses the DMX module. This technical brief also shows how the DMA module can be
setup to transmit and receive data without the involvement of the CPU. For more information about this
module, refer to the device data sheet.

Tip: Refer to TB3200 for details about using the UART module for DALI protocol
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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, BeaconThings,
BitCloud, CryptoMemory, CryptoRF, dsPIC, FlashFlex, flexPWR, Heldo, JukeBlox, KeeLoq, KeeLoq logo,
Kleer, LANCheck, LINK MD, maXStylus, maXTouch, MediaLB, megaAVR, MOST, MOST logo, MPLAB,
OptoLyzer, PIC, picoPower, PICSTART, PIC32 logo, Prochip Designer, QTouch, RightTouch, 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,
chipKIT, chipKIT logo, CodeGuard, CryptoAuthentication, CryptoCompanion, CryptoController,
dsPICDEM, dsPICDEM.net, Dynamic Average Matching, DAM, ECAN, EtherGREEN, In-Circuit Serial
Programming, ICSP, Inter-Chip Connectivity, JitterBlocker, KleerNet, KleerNet logo, Mindi, MiWi,
motorBench, MPASM, MPF, MPLAB Certified logo, MPLIB, MPLINK, MultiTRAK, NetDetach, Omniscient
Code Generation, PICDEM, PICDEM.net, PICkit, PICtail, PureSilicon, QMatrix, RightTouch logo, REAL
ICE, Ripple Blocker, SAM-ICE, Serial Quad 1/0, SMART-1.S., SQIl, 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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