
 AN4535
 Programming Antifuse Devices

Introduction
This document provides an overview of the various programming options available for the Microchip SoC Products
Group antifuse families. It provides helpful information related to programming failures and measures that you can
take to increase programming yield along with actions that you must consider in the event of programming failures. A
summary of SoC Products Group Return Material Authorization (RMA) policies and procedures is also included.

© 2022 Microchip Technology Inc.
and its subsidiaries

 Application Note DS00004535A-page 1



Table of Contents

Introduction.....................................................................................................................................................1

1. General Antifuse Programming Information............................................................................................3

1.1. Programming Features of SoC Products Group Devices.............................................................3
1.2. Types of Programming for Antifuse Devices................................................................................ 3
1.3. Programming Solutions................................................................................................................5

2. Antifuse Programming Guidelines...........................................................................................................6

2.1. Preprogramming Setup................................................................................................................ 6
2.2. Programming Antifuse FPGAs..................................................................................................... 7
2.3. Programming Failure Allowances.................................................................................................7
2.4. Guidelines for Handling Programming Failures............................................................................8
2.5. Common Programming Failure Modes........................................................................................ 9
2.6. Return Material Authorization (RMA) Policies..............................................................................9

3. References............................................................................................................................................10

4. Revision History.....................................................................................................................................11

Microchip FPGA Support..............................................................................................................................12

The Microchip Website.................................................................................................................................12

Product Change Notification Service............................................................................................................12

Customer Support........................................................................................................................................ 12

Microchip Devices Code Protection Feature................................................................................................ 12

Legal Notice................................................................................................................................................. 13

Trademarks.................................................................................................................................................. 13

Quality Management System....................................................................................................................... 14

Worldwide Sales and Service.......................................................................................................................15

 AN4535

© 2022 Microchip Technology Inc.
and its subsidiaries

 Application Note DS00004535A-page 2



1. General Antifuse Programming Information
The following section provides information about general antifuse programming.

1.1 Programming Features of SoC Products Group Devices
The SoC Products Group provides the following types of Field-Programmable Gate Arrays (FPGAs):

• Antifuse
• Flash

Note:  Some programming methods are common to both, whereas some are exclusive to Flash. This document
describes the programming solutions supported for antifuse devices only.

Antifuse Technology
The antifuse architecture is One Time Programmable (OTP) by design. Antifuse devices are not in-system
programmable. For details on the antifuse architectures, see Antifuse FPGAs.

Antifuse technology is nonvolatile, therefore, it is live at power-up and inherently very secure. For more information
on security types and implementation, see Implementation of Security in Microsemi Antifuse FPGAs Application Note.

Antifuse devices are mainly programmed using single-site or multi-site programmers. Volume-programming services,
either from SoC Products Group or from other vendors, are also used.

Types of Programming for Antifuse Devices
Depending on the number of devices you wish to program and the type of device, you can choose from the following
programming methods:

• Device programmers
– Single-site programmers
– Multi-site programmers, batch programmers or gang programmers

• Volume programming services
– SoC Products Group in-house programming (IHP)
– Programming centers

1.2 Types of Programming for Antifuse Devices
The following section provides information about the types of programming for antifuse devices.

1.2.1 Device Programmers
Device programmers are used to program a device before it is mounted on the system board. It can either be
programmed before being soldered (usually done in production) or programmed before putting it into a socket (used
for prototyping).

The advantage of using device programmers is that no programming hardware is required on your system board.
Therefore, no additional components or board space is required.

If you intend to program devices frequently with different programs or if you program relatively small volumes of
devices, buying a single-site device programmer is the simplest solution. For some military or space designs, you
might also want to use programming onsite to maintain control of the devices at all times.

Adapter modules are purchased with the programmers to support the FPGA packages you intend to use. When you
receive the FPGA, place it in the adapter module and run the programming software from a PC. SoC Products Group
supplies the programming software for all the SoC Products Group programmers. The software enables you to select
your device, programming files, program, and verify the device.
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Single-Site Programmers
A single-site programmer programs one device at a time. SoC Products Group offers Silicon Sculptor 3 and Silicon
Sculptor 4 as single-site programmers.

Advantages:
• Lower cost than multi-site programmers
• No additional overhead for programming on the system board
• Allows local control of programming and data files for maximum security
• Allows on-demand programming onsite

Limitations:
• Only programs one device at a time

Multi-Site Programmers
Often referred to as a batch or gang programmers, multi-site programmers can program multiple devices at the same
time using the same programming file. This is often used for large volume programming and by programming houses.
The sites often have independent processors and memory enabling the sites to operate concurrently, meaning each
site might start programming the same file independently enabling the operator to change one device while the
other sites continue programming, which increases throughput. You must buy multiple adapter modules for the same
package when using a multi-site programmer. You can connect multiple Silicon Sculptor 3 or Silicon Sculptor 4
programmers via a powered USB hub to a single PC (you can connect up to 12 programmers to a single PC) for
concurrent programming. All the adapter modules on such a concurrent chain must be identical.

Advantages:
• Provides the capability of programming multiple devices at the same time
• No additional overhead for programming on the system board
• Allows local control of programming and data files for maximum security

Limitations:
• More expensive than a single-site programmer

1.2.2 Volume Programming Services
When you are ready to run your design in production, you can buy large volumes of parts and have them
programmed before you receive them.

Advantages: This is much easier than having a large programming capability in-house, as programming centers have
multiple programmers running in parallel and can deliver programmed parts more cost effectively.

Limitations: Programming files must be sent to the programming service provider. Non Disclosure Agreements
(NDAs) can be signed to help ensure that your data is protected.
Note:  Any programs that do not allow files to be sent off-site, cannot use this approach.

SoC Products Group In-House Programming (IHP)
When you purchase your SoC Products Group devices in volume, you can request IHP as part of your purchase. If
you choose this option, there is a small charge for each device that you want programmed. Each device is marked to
distinguish it from blank parts. When you have your programming files ready, send them to SoC Products Group.
You receive sample parts that are programmed with your design. After approving the First Articles, SoC Products
Group proceeds with programming the remainder of the order. To request SoC Products Group IHP, contact your
local SoC Products Group representative.

Distributor Programming Centers
Many distributors provide programming for their customers. This can be an advantage when looking at yield and
RMA requirements for antifuse devices. Consult with your preferred distributor about this option.

Independent Programming Centers
There are many programming centers that specialize only in programming and are not directly affiliated with SoC
Products Group or our distributors. These programming centers must follow the guidelines for programming SoC
Products Group devices and must be using certified programmers to program the SoC Products Group devices.
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Note:  SoC Products Group does not have recommendations for external programming centers.

1.3 Programming Solutions
Details about the available programmers can be found in the programmer user's guides listed in the 3.  References
section.

All of the antifuse programmers require adapter modules, which are designed to support device packages. The
modules are listed on the SoC Products Group website.

They are not listed in this application note, as this list is updated frequently with the new package options and any
upgrades required to improve programming yield or support new families.

For additional details such as Supported Programmers and FPGAs, ordering information, see Microchip FPGA
Programming Options.

 AN4535
General Antifuse Programming Information

© 2022 Microchip Technology Inc.
and its subsidiaries

 Application Note DS00004535A-page 5

https://www.microsemi.com/product-directory/programming-and-debug-hardware/5079-silicon-sculptor-adapter-module
https://www.microsemi.com/document-portal/doc_download/1245022-microchip-fpga-programming-options
https://www.microsemi.com/document-portal/doc_download/1245022-microchip-fpga-programming-options


2. Antifuse Programming Guidelines
The following section provides information about the antifuse programming guidelines.

2.1 Preprogramming Setup
Before programming, several steps are required to ensure an optimal programming yield:

1. Use Proper Handling and Electrostatic Discharge (ESD) Precautions. SoC Products Group FPGAs are
sensitive electronic devices that are susceptible to damage from ESD and other types of mishandling. These
devices are Complementary Metal Oxide Semiconductor (CMOS) devices and require proper grounding and
ESD handling procedures. Although, these FPGAs have static discharge protection built in, you must always
follow ESD handling procedures when handling them.
Always keep the FPGA devices in their insulative carrying cases or trays until they are used, and keep the
surrounding environment clean and free of dust and debris. Periodically, check the Adapter Module sockets
to verify that they are free of dirt or other debris that can prevent good electrical pin connections between the
device and socket.

2. The Ceramic Quad Flat Package (CQFP) devices are burned-in, tested, packaged, and shipped in Non-
Conductive Tie Bar packages. Through-hole sockets are used to test and burn-in the devices. These sockets
are also used on the programming adapter modules. You must not remove the tie bar prior to programming
these devices. After programming, you must remove the tie bar and trim and form the leads of the device. For
more information, see Assembly Instructions for CQFP Packages SMT on PCB Application Note.

When loading the devices in the Adapter Module socket, ensure to orient them so that pin 1 is oriented
according to the indication on the Adapter Module.
Note:  Damage can occur if the FPGA is loaded incorrectly.

Loading CQFP devices in the Adapter Module socket needs special attention. Use the following table to
determine whether to insert your device into the Adapter Module with the logo facing up or down.

Table 2-1. Orientation

Package Adapter Modules Logo Face

CQ84 SM84CQ-ACTEL

SMSX-84CQ-ACTEL

Down

CQ132 SM132CQ-ACTEL Down

CQ172 SM132CQ-ACTEL Down

CQ196 SM132CQ-ACTEL Down

CQ208 SM208CQ-ACTEL-2

SM208CQSX-ACTEL

SMAX-208CQ-ACTEL

Down

CQ256 SM208CQ-ACTEL-2

SM208CQSX-ACTEL

SMAX-256CQ-ACTEL

Down

CQ352 SMAX-352CQ-ACTEL

SMAX-352CQ4K-ACTEL

Down

3. Use the latest version of the Libero® IDE software to generate your programming file (Recommended). The
file used to program SoC Products Group antifuse devices (*.afm) contains important information about the
fuses that are programmed in the FPGA. For more information, see the Libero IDE page.
Note:  Programming files must always be zipped during file transfer to avoid the possibility of file corruption.
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4. Use the latest version of the Silicon Sculptor software. The programming software is frequently updated to
accommodate yield enhancements in FPGA manufacturing. These updates ensure maximum programming
yield and minimum programming times. Before programming, always check that the version of the Silicon
Sculptor software you use is the most recent by visiting Silicon Sculptor Tools page.

5. Use the most recent Adapter Module. SoC Products Group makes modifications to their modules to
improve programming yields and programming times. To identify the latest version of each module before
programming, see Silicon Sculptor Adapter Modules.

6. Check Insertion Limit of the Adapter Module. Before programming with any Adapter Module, ensure the
insertion limit is within the range specified on the SoC Products Group website. The number of socket module
insertion can be found in Socket Module Counter in the Tools menu.

7. Perform Routine Hardware Self-Diagnostic Test. The self-diagnostic test verifies correct operation of the
pin drivers, power supply, CPU, memory, and adapter module. This test must be performed before every
programming session. The test must be executed atleast every week. To perform self-diagnostic testing using
the Silicon Sculptor software, follow the steps.

– Select Device > SoC Products Group Diagnostic > Test tab > OK.
8. Perform Routine Hardware Verification and Calibration. The verification and calibration procedure ensures

that the test limits used during the self-diagnostic test are accurate. SoC Products Group recommends
periodic verification of the calibration of the programmer, especially, when you observe higher than normal
programming failures. For Radiation-Tolerant (RT) devices, SoC Products Group requires verification of the
calibration of the programmer to be performed prior to each programming session. For verification and
calibration instructions, see Silicon Sculptor 3 and Silicon Sculptor 4.
If the programmer fails the calibration, contact SoC Products Group Technical Support and send the log file.

Notes:  For FPGA family specific guidelines, see the following documents:
• Recommendations for Programming RTSX-S and RTSX-SU
• RTAX Programming User Guide

2.2 Programming Antifuse FPGAs
The following steps are required to program SoC Products Group antifuse FPGAs:

1. Setup: In the programming software, select the device you want to program and load the Data Pattern with the
programming file.

2. Perform Blankcheck (recommended): This test confirms that the actual device about to be programmed
matches the device selected and is completely blank. This helps to prevent mixing up programming failures
with blank devices.
Note:  SoC Products Group recommends performing this step before each programming session.

3. Program: During this step, the actual programming file is mapped into the device. Remember to enable
programming of the security fuses if necessary. If broadcasting, press Start to program each site.

4. Checksum (recommended): This step confirms that the FPGA is programmed correctly.

2.3 Programming Failure Allowances
Even though it is impossible for SoC Products Group to screen 100% of potential programming failures on antifuse
FPGAs, SoC Products Group does screen for low programming yields by programming a sample of devices from
every lot that is shipped. The test sample size is chosen, therefore, there is a high level of confidence that 97% (most
antifuse devices) programming yield criteria is met. As long as all the requirements listed above are satisfied, SoC
Products Group replaces 100% of field programming rejects. See Programming and Functional Failure Guidelines
User Guide for programming failure allowance tables.

If the programming yield is lower than expected (failure quantity exceeds those listed in the allowance tables), SoC
Products Group performs an investigation to determine if the high level failure rate is caused by the system used to
program the devices or can be attributed to the devices themselves.

For a complete procedure on handling programming failures, see 2.4.  Guidelines for Handling Programming
Failures.
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2.4 Guidelines for Handling Programming Failures
The following sections provide specific guidelines on handling programming failures with SoC Products Group
FPGAs.

Antifuse FPGAs (Non-RadTolerant)
To handle programming failures for antifuse FPGAs, follow these instructions:

1. Debug the Error Message. Any time you encounter a failure:
– Record the error message. It is important that the message is recorded exactly as it appears. The

detailed error message can be found in the programming log file generated by the software. The default
location for these log files is C:\BP\DATALOG\. The log file for the current programming session is
named as BlackBox.log. Previous programming sessions are saved to log files named as bp<#>.log.

– Compare your error message to those listed in the 2.5.  Common Programming Failure Modes. Try to
resolve the problem based on the given suggestions.

If failures continue, proceed to the next step.
2. Check the Programming Setup.

– Record the version of the software you use. Then, upgrade to the latest version.
– Perform the self-diagnostic test.
– Record the exact part number of the adapter module(s) you use. Then, upgrade to the latest version.

Continue programming and proceed to the next step.
3. Check the Programming Yield.

Compare your programming fallout with the appropriate tables listed in Programming and Functional Failure
Guidelines User Guide. Continue programming if you are within the guidelines. Contact your distributor or
sales office to return devices, and provide failure rates along with your request.

If the failure rate exceeds the expected fallout, proceed to the next step.
4. Record Device Details. Record the following for all failures and programmed devices:

– Date code (four digit number on top of device)
– Lot code (alphanumeric usually on underside of device)
– Number of devices that failed and number that passed programming, from each lot

5. Contact SoC Products Group Technical Support. Complete the Customer Complaint Information Request
Checklist Programming Failure Analysis (FA) checklist for antifuse devices and contact SoC Products Group
Technical Support. Ensure to include the following information:

– Specific error message obtained
– Software version used
– Adapter module part number
– Date and lot code
– Failure rates for each lot

RadHard and RadTolerant FPGAs
To handle programming failures for Rad-Hard (RH) and Rad-Tolerant (RT) FPGAs, follow these instructions:

1. Debug the error message and check the programming setup.
Note:  Stop programming immediately.

Due to the high cost of RH/RT devices, it is important to verify that the software and hardware are up-to-date
and are in good working condition. It is also important to provide detailed information about the failure to SoC
Products Group.

– Record the error message. It is important that the message is recorded exactly as it appears. The
detailed error message can be found in the programming log file generated by the software. The default
location for these log files is C:\BP\DATALOG\ . The log file for the current programming session is
named as BlackBox.log. Previous programming sessions are saved to log files named as bp<#>.log.

– Save the *.txt file under a different name, therefore, it is not overwritten.
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– Perform the self-diagnostic test.
– Record the current version of the software, then, upgrade to the latest version.
– Record the exact part number of the adapter module(s) being used, then, upgrade to the latest version.

2. Check the Programming Yield. Compare your programming fallout to the appropriate table listed in
Programming and Functional Failure Guidelines User Guide. Continue programming if you are within the
guidelines.
If the failure rate exceeds the expected fallout, proceed to the next step.

3. Record Device Details. Record the following for all failures and programmed devices:
– Date code (four digit number on top of device)
– Lot code (alphanumeric usually on underside of device)
– Serial number (top of device)
– Number of devices that failed and number that passed programming, from each lot

4. Contact SoC Products Group Technical Support. Complete the Customer Complaint Information Request
Checklist Programming FA checklist for antifuse devices and contact SoC Products Group Technical Support.
Ensure to include the following information:

– Specific error message obtained
– The *.log file
– Software version used
– Adapter module part number
– Result of self-test with adapter module connected to programmer (provide log file)
– Last calibration date of the programmer
– Date and lot code
– Failure rates for each lot
– Number of devices that still require programming

2.5 Common Programming Failure Modes
For a list of common programming failure modes and suggested troubleshooting tips, see Sculptor II and Silicon
Sculptor 3 Programmer User’s Guide.

2.6 Return Material Authorization (RMA) Policies
SoC Products Group consistently strives to exceed customer expectations by continuing to improve the quality of
our products and our quality management system. SoC Products Group has RMA procedures in place to address
programming fallout. You must be mindful of the following RMA policies:

• All devices, submitted for an RMA, must be within the SoC Products Group warranty period of one year from
date of shipment. For fallout greater than what is shown in the table listed in Progamming and Functional Failure
Guidelines, a case must be initiated with SoC Products Group technical support. For fallout within the guidelines
listed, return the parts for credit and replacement by requesting an RMA number through an SoC Products
Group sales representative or distributor.
Note:  RMAs are only authorized for current SoC Products Group devices. Devices that have been
discontinued do not receive RMAs.

If you experience long programming times, contact SoC Products Group technical support for assistance.
Note:  Programming times for –F material might be longer than for other speed grades.

• All devices returned for FA and Return must be in their original packaging and must have an RMA number.
• Programming files *.afm and log files are mandatory. Any parts returned to SoC Products Group for Failure

Analysis without a valid RMA number and required files are returned immediately to the customer at the
customer's expense.

• If during the FA process, SoC Products Group is able to successfully program the units, these units are returned
to the customer against the replacement order and the units are labeled as programmed.
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3. References
Following is a list of related documents, their location on the SoC Products Group website, and a brief summary of
each document:

• Silicon Sculptor Quick Reference Card: This guide is designed as a reference to keep near your programming
station and use as a training guide for programming operators.

• Silicon Sculptor User’s Guides: Microchip Silicon Sculptor II and Silicon Sculptor 3 User’s Guide
• Silicon Sculptor Programmer Calibration Verification Procedure: Includes hardware and software setup,

calibration, use instructions, and troubleshooting/error message guide.
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4. Revision History
The revision history describes the changes that were implemented in the document. The changes are listed by
revision, starting with the most current publication.

Revision Date Description

A 05/2022 The following changes are made in this revision:

• Migrated to the Microchip standard template format.
• Renamed AC225 to AN4535.

5 11/2011 The Certified Programming Solutions section content was revised.

4 04/2011 The Programming Failure Allowances section content was revised and Table
7, Table 8, and Table 9 have been deleted.

3 04/2009 • The Supported BP Programmers section is new.
• The Programming Failure Allowances section was updated to be

consistent with the latest RMA policies. The text and Table 7 on page 9
to Table 9 on page 10.

• The RadHard and RadTolerant FPGAs section was revised. Three
additional items were added to the list of required information to report
to Technical Support in the event of programming failure.

• The Return Material Authorization (RMA) Policies section was updated
to be consistent with the latest RMA policies.

2 05/2008 The Return Material Authorization (RMA) Policies section was updated to be
consistent with the latest RMA policies.

1 06/2005 • Programming Basics and the following subsections were deleted:
Reprogrammable or One-Time Programmable (OTP), Device
Programmer or In-System Programming (ISP), Live-at-Power-Up
(LAPU) or Boot PROM, Design Security.

• All information regarding Flash was removed since this application note
only discusses antifuse. Table 1 was deleted.

• The Device Programmers section was updated to include Silicon
Sculptor 3.

• Table 2 on page 4 was updated to include Silicon Sculptor 3.
• Table 3 on page 4 was updated to include Silicon Sculptor 3.
• Table 4 on page 5 was updated to include Silicon Sculptor 3.
• Table 5 on page 6 was updated to include the following changes:

– Silicon Sculptor 3 was added.
– Silicon Sculptor I support was changed to No for RT54SX16 and

RT54SX32.
– RTAX4000S data is new.
– Note 3 is new.

• The Silicon Sculptor 3 section is new.
• The Silicon Sculptor I and Silicon Sculptor 6X section was updated.
• The Activator section was updated.
• The Noncertified Programmers section was updated.
• The Check Insertion Limit of the Adapter Module section is new.
• The Contact SoC Products Group Technical Support section was

updated.
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Microchip FPGA Support
Microchip FPGA products group backs its products with various support services, including Customer Service,
Customer Technical Support Center, a website, and worldwide sales offices. Customers are suggested to visit
Microchip online resources prior to contacting support as it is very likely that their queries have been already
answered.

Contact Technical Support Center through the website at www.microchip.com/support. Mention the FPGA Device
Part number, select appropriate case category, and upload design files while creating a technical support case.

Contact Customer Service for non-technical product support, such as product pricing, product upgrades, update
information, order status, and authorization.

• From North America, call 800.262.1060
• From the rest of the world, call 650.318.4460
• Fax, from anywhere in the world, 650.318.8044

The Microchip Website
Microchip provides online support via our website at www.microchip.com/. This website is used to make files and
information easily available to customers. Some of the content available includes:

• 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 (FAQs), technical support requests, online
discussion groups, Microchip design partner 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

Product Change Notification Service
Microchip’s product change notification service helps keep customers current on Microchip products. Subscribers will
receive email notification whenever there are changes, updates, revisions or errata related to a specified product
family or development tool of interest.

To register, go to www.microchip.com/pcn and follow the registration instructions.

Customer Support
Users of Microchip products can receive assistance through several channels:

• Distributor or Representative
• Local Sales Office
• Embedded Solutions Engineer (ESE)
• Technical Support

Customers should contact their distributor, representative or ESE for support. Local sales offices are also available to
help customers. A listing of sales offices and locations is included in this document.

Technical support is available through the website at: www.microchip.com/support

Microchip Devices Code Protection Feature
Note the following details of the code protection feature on Microchip products:

• Microchip products meet the specifications contained in their particular Microchip Data Sheet.
• Microchip believes that its family of products is secure when used in the intended manner, within operating

specifications, and under normal conditions.
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• Microchip values and aggressively protects its intellectual property rights. Attempts to breach the code
protection features of Microchip product is strictly prohibited and may violate the Digital Millennium Copyright
Act.

• Neither Microchip nor any other semiconductor manufacturer can guarantee the security of its code. Code
protection does not mean that we are guaranteeing the product is “unbreakable”. Code protection is constantly
evolving. Microchip is committed to continuously improving the code protection features of our products.

Legal Notice
This publication and the information herein may be used only with Microchip products, including to design, test,
and integrate Microchip products with your application. Use of this information in any other manner violates these
terms. Information regarding device applications 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. Contact your
local Microchip sales office for additional support or, obtain additional support at www.microchip.com/en-us/support/
design-help/client-support-services.

THIS INFORMATION IS PROVIDED BY MICROCHIP "AS IS". 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 ANY IMPLIED
WARRANTIES OF NON-INFRINGEMENT, MERCHANTABILITY, AND FITNESS FOR A PARTICULAR PURPOSE,
OR WARRANTIES RELATED TO ITS CONDITION, QUALITY, OR PERFORMANCE.

IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDIRECT, SPECIAL, PUNITIVE, INCIDENTAL, OR
CONSEQUENTIAL LOSS, DAMAGE, COST, OR EXPENSE OF ANY KIND WHATSOEVER RELATED TO THE
INFORMATION OR ITS USE, HOWEVER CAUSED, EVEN IF MICROCHIP HAS BEEN ADVISED OF THE
POSSIBILITY OR THE DAMAGES ARE FORESEEABLE. TO THE FULLEST EXTENT ALLOWED BY LAW,
MICROCHIP'S TOTAL LIABILITY ON ALL CLAIMS IN ANY WAY RELATED TO THE INFORMATION OR ITS USE
WILL NOT EXCEED THE AMOUNT OF FEES, IF ANY, THAT YOU HAVE PAID DIRECTLY TO MICROCHIP FOR
THE INFORMATION.

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, Adaptec, AnyRate, AVR, AVR logo, AVR Freaks, BesTime,
BitCloud, CryptoMemory, CryptoRF, dsPIC, flexPWR, HELDO, IGLOO, JukeBlox, KeeLoq, Kleer, LANCheck,
LinkMD, maXStylus, maXTouch, MediaLB, megaAVR, Microsemi, Microsemi logo, MOST, MOST logo, MPLAB,
OptoLyzer, PIC, picoPower, PICSTART, PIC32 logo, PolarFire, Prochip Designer, QTouch, SAM-BA, SenGenuity,
SpyNIC, SST, SST Logo, SuperFlash, Symmetricom, SyncServer, Tachyon, TimeSource, tinyAVR, UNI/O, Vectron,
and XMEGA are registered trademarks of Microchip Technology Incorporated in the U.S.A. and other countries.

AgileSwitch, APT, ClockWorks, The Embedded Control Solutions Company, EtherSynch, Flashtec, Hyper Speed
Control, HyperLight Load, IntelliMOS, Libero, motorBench, mTouch, Powermite 3, Precision Edge, ProASIC, ProASIC
Plus, ProASIC Plus logo, Quiet- Wire, SmartFusion, SyncWorld, Temux, TimeCesium, TimeHub, TimePictra,
TimeProvider, TrueTime, WinPath, and ZL are registered trademarks of Microchip Technology Incorporated in the
U.S.A.

Adjacent Key Suppression, AKS, Analog-for-the-Digital Age, Any Capacitor, AnyIn, AnyOut, Augmented Switching,
BlueSky, BodyCom, CodeGuard, CryptoAuthentication, CryptoAutomotive, CryptoCompanion, CryptoController,
dsPICDEM, dsPICDEM.net, Dynamic Average Matching, DAM, ECAN, Espresso T1S, EtherGREEN, GridTime,
IdealBridge, In-Circuit Serial Programming, ICSP, INICnet, Intelligent Paralleling, Inter-Chip Connectivity,
JitterBlocker, Knob-on-Display, maxCrypto, maxView, memBrain, Mindi, MiWi, MPASM, MPF, MPLAB Certified
logo, MPLIB, MPLINK, MultiTRAK, NetDetach, NVM Express, NVMe, Omniscient Code Generation, PICDEM,
PICDEM.net, PICkit, PICtail, PowerSmart, PureSilicon, QMatrix, REAL ICE, Ripple Blocker, RTAX, RTG4, SAM-
ICE, Serial Quad I/O, simpleMAP, SimpliPHY, SmartBuffer, SmartHLS, SMART-I.S., storClad, SQI, SuperSwitcher,
SuperSwitcher II, Switchtec, SynchroPHY, Total Endurance, TSHARC, USBCheck, VariSense, VectorBlox, VeriPHY,
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ViewSpan, WiperLock, XpressConnect, 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.

The Adaptec logo, Frequency on Demand, Silicon Storage Technology, Symmcom, and Trusted Time are registered
trademarks of Microchip Technology Inc. in other countries.

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

All other trademarks mentioned herein are property of their respective companies.
© 2022, Microchip Technology Incorporated and its subsidiaries. All Rights Reserved.

ISBN: 978-1-6683-0347-4

Quality Management System
For information regarding Microchip’s Quality Management Systems, please visit www.microchip.com/quality.
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