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Modern process computers, commonly based on high-end 32- or 64-bit microprocessors, provide developers with
significant options in terms of operating system use. However, their high processing power is paid for with equally
high-power demand, which can be a problem in battery-operated real-time applications. Using a simple low-power
and cost-effective 8-bit PIC microcontroller as the secondary device provides a convenient and cost-effective means
of controlling the system power state. This discussion will consider the use of PIC16F microcontrollers in that role.

This application note demonstrates the use of the PIC16F 15244 microcontroller in such applications for system
power supply control. As a case study, for the demonstration, a reference application based on a Raspberry

Pi® Single Board Computer (SBC) is used as the process computer (host) and a PIC16F 15244 Curiosity Nano
Evaluation Kit as a power supply control module (client). Additionally, the SBC functionality is also emulated with
another PIC16F 15244 microcontroller, as one of the use cases discussed in the application note. Sections 3.6
Process Computer Firmware Overview and 3.7 Supply Control Module Firmware Overview describe the process
computer and supply control module firmware developed using the PIC16F 15244 microcontroller and PIC16F 15244
Curiosity Nano Evaluation kit. The PIC16F 15245 microcontroller-based supply control board hardware design files
are provided in supplemental files; links to these files are provided on the device product page on the Microchip web
site. The application firmware is available as GitHub projects; direct links to the GitHub repositories are provided in
the document.

Features

This application note features:

« System power control using the PIC16F 15244 family of microcontrollers
» System power supply control application emulation using the PIC16F 15244 Curiosity Nano Evaluation Kit
» Power consumption data analysis

» System power supply control application demo with the Raspberry Pi and the PIC16F 15245 Control Board (see
Section 6. Appendix: System Power Supply Control for the Raspberry Pi Application for a complete description)
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Relevant Devices

Relevant Devices

PIC16F 15244 family products are available in 8/14/16/20/28/40/44-pin packages for cost-sensitive sensor and real-
time control applications. The PIC16F 15244 family of microcontrollers offers up to 28 KB of Flash memory and up

to 2 KB of SRAM. This microcontroller family also provides additional memory features, such as a Memory Access
Partition (MAP), to support users in data protection and bootloader applications, and a Device Information Area
(DIA), which stores Fixed Voltage Reference (FVR) offset values to help improve ADC accuracy. PIC16F15244 family
devices also offer a rich set of core features, power-saving functionality, and both digital and analog peripherals.

Figure 1-1. Overview of PIC16F15244 Family of Microcontrollers
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Usage of PIC16F15244 Family of Microcontrollers for System Power
Supply Control

Consider a high-end application developed on the Raspberry Pi Single-Board Computer (SBC). The SBC consumes
plenty of power when active, and may not be needed at all times. In order to save maximum power, the power supply
to the entire SBC should be cut OFF, instead of just shutting down the CPU. To perform this action, a PIC16F 15244
family microcontroller is used as a secondary microcontroller in the system to turn OFF and ON the SBC power using
the voltage regulator. After turning OFF the voltage regulator, the microcontroller can enter Sleep mode to further
reduce the system power consumption.

Figure 2-1. System Power Supply Control Using the PIC16F15244 Family of Microcontrollers

4 N
Voltage Control System Power R
Regulator
YYYYIY)
A . .
> : -
a : :
S : :
: g sssuel
)
(o)
o
)
Single Board
[ icati Computer
PIC16F15244 Serial Communication
Family < q
Microcontroller

(As previously discussed, the power control system may be realized with any 8-bit PIC microcontroller.)

There are numerous possibilities when to turn the regulator ON or OFF. For example, an intelligent host can give a
command to the client to switch the power OFF and for how long it should stay OFF. User interface-based turn ON
and OFF are also possible. An example of this is wake-up on touch. The application can thus be extended in multiple
possible ways. One such use case is discussed in this application note.
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System Power Supply Control Emulation with the PIC16F15244
Microcontroller

To demonstrate the system power supply control application, two PIC16F15244 Curiosity Nano Evaluation Kits are
used: one acts as the host and the other as the client. The host (referred to from this point as the “process computer”)
emulates the Raspberry Pi-based SBC functionality. The client (referred to as the “supply control module”) turns the
regulator ON or OFF; this is emulated by the on-board LED.

Refer to Section 6. Appendix: System Power Supply Control for the Raspberry Pi Application for an implementation
and demonstration based on a Raspberry Pi board.

Application Overview

To implement the emulated system power supply and its control, a simple application is developed using two
PIC16F 15244 Curiosity Nano Evaluation Kits. The process computer sends out a command to the supply control
module over an 12C bus to shut down the system power. This sleep command contains the duration for which the
system is to be put in Low Power mode. For simplicity, the on-board switch on the process computer (i.e., the
PIC16F 15244 Curiosity Nano kit emulating the process computer) is used to trigger the power-down command.

After receiving the sleep commands, the supply control module waits for 30 seconds before turning OFF the
regulator. This period provides sufficient time for the process computer to perform the shutdown housekeeping

tasks that are required for Linux® OS-like operating systems (such as invoking the shutdown procedure). The supply
control module device disables the emulated voltage regulator, then enters Sleep mode. The supply control module
will automatically turn ON the voltage regulator after the power-down period expires or an external trigger is provided.

Figure 3-1 demonstrates the operation of the process computer and supply control module.

Figure 3-1. Application State Diagram for Process Computer and Supply Control Module Firmware
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Power-Down Command: The power-down command triggers the shutdown of the regulator by the supply control
module’s microcontroller. The command also contains the time duration the system will be turned OFF. The
command consists of an ASCII string for cross platform support: S (number of seconds), where the first byte is
the character ‘S’ and the following six characters are the shutdown duration in seconds (for example, ‘S007200’
represents 7200 seconds, or two hours, of system power-down).

Manual Wake-Up Interrupt: In case the process computer needs to be turned ON before the power-down period is
over, the supply control module can also accept user input. To demonstrate this feature, an on-board switch is used
on the Curiosity Nano board serving as the supply controller is used. The supply control will immediately turn ON the
regulator in the event of a switch press.
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PIC16F15244 Curiosity Nano Evaluation Kit

The PIC16F 15244 Curiosity Nano Evaluation Kit is a hardware platform aimed at evaluating the peripheral features
of the PIC16F 15244 family of microcontrollers. The Curiosity Nano series evaluation kits include an on-board
programmer and debugger. No external tools are necessary to program and debug the PIC16F 15244 microcontroller,
which makes it an ideal hardware platform to use for demonstrating this application. The board is powered through
the USB port via the micro-B USB cable.

Figure 3-2. PIC16F15244 Curiosity Nano Evaluation Kit

Hardware Setup
Figure 3-3 shows the hardware connections of the PIC16F 15244 Curiosity Nano-based emulation for system power
supply control.

Figure 3-3. Hardware Connection Diagram

Supply Control Module Emulator Process Computer Emulator
RB6 SCL RB6
WDT 12CHN | 12a WDT
RB4 SDA RB4

PIC16F 15244 Curiosity Nano PIC16F 15244 Curiosity Nano

Note: Required external pull-up resistors for the SDA and SCL lines are incorporated on the Process Computer
board. The pull-up resistors are usually added on the host MCU board, and are not required on client board.
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Microcontroller Pin Configuration Details

Table 3-1 and Table 3-2 give the pin configuration details of the host (process computer) and client (supply control
module) PIC16F 15244 Curiosity Nano evaluation kits.

Table 3-1. Host (Process Computer) Microcontroller Pin Configuration

Microcontroller Pin Signal Name Signal Description

Switch Power Down Command IN
RB4 SDA I2C Serial Data IN/OUT
RB6 SCL I2C Serial Clock IN/OUT

Table 3-2. Client (Supply Control Module) Microcontroller Pin Configuration

Microcontroller Pin Signal Name Signal Description

Switch Manual Wake-Up
RA2 LED Voltage Regulator ouT
RB4 SDA I2C Serial Data IN/OUT
RB6 SCL I2C Serial Clock IN/OUT

PIC16F15244 Microcontroller Firmware

The system power supply control application includes two sets of firmware, one for the process computer and one
for the supply control module. As detailed in the previous sections, PIC16F15244 Curiosity Nano kits are used to
emulate both the host (process computer) and client (supply control module). The firmware for both boards is created
using the following development environment:

+  MPLAB® X Integrated Development Environment (IDE) v5.50

* MPLAB Code Configurator (MCC) v5.0.3

*  XC8 Compiler v2.32

» Master Synchronous Serial Port (MSSP) MCC Melody driver v6.1.0
* Timer0 (TMRO) MCC Melody driver v4.0.7

AN4121: Process Computer Firmware

Click to browse repositories

AN4121: Supply Control Module Firmware

Click to browse repositories

Process Computer Firmware Overview

The process computer-side firmware for the system power supply control demo is developed to emulate the
power-down feature of the process computer. As detailed in section 3.1. Application Overview, the computer will
send out a power-down command when a switch press event is detected. Figure 3-4 shows the detailed firmware
implementation methodology.
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Figure 3-4. System Power Supply Control - Process Computer Firmware Flow Diagram
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Supply Control Module Firmware Overview

The Supply Control Module application firmware starts with the initialization of the system and required peripherals
of the PIC16F 15244 microcontroller. After initialization, it enters Power-Down mode. The microcontroller remains
in Power-Down mode until it receives an 12C command from the process computer. To an I2C interrupt, the
microcontroller wakes up from Sleep and verify whether the received 12C command is valid.

On reception of a valid Sleep command, the control module waits for a period of 30 seconds using a timer peripheral
before turning OFF the regulator. Once the 30 second wait period is over, the application firmware disables the 12C
peripheral and turns OFF the LED (voltage regulator), then enters Low Power mode by entering sleep. This wait
period can be configurable by the user per application requirement. The supply control device wakes up periodically
from Sleep mode using the Watchdog Timer (WDT). After the total power-down duration is complete or if a valid
switch press event is detected, the supply control module turns ON the LED. Figure 3-5 shows the firmware flow of
the application.
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Figure 3-5. System Power Supply Control Firmware Flow Diagram
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Microcontroller Configuration Details

Table 3-3 shows the PIC16F 15244 microcontroller operating conditions and the peripherals configured on the supply
control module for the system power supply control demo.

Table 3-3. Supply Control Module Microcontroller Configuration

Parameter Value

Microcontroller PIC16F 15244

System Clock HFINTOSC, 8 MHz

Operating Voltage 3.3V

MSSP Configuration I2C (in Client mode)

TMRO Configuration Overflow Interrupt Mode, 10 ms
Watchdog Configuration Enabled, 8s

External Interrupt (EXT) Configuration. Enabled, Pin RC2

Memory Consumption

Table 3-4 details the code and the data memory usage of the power supply control demo firmware developed with the
PIC16F 15244 microcontroller.

Table 3-4. Program and Data Memory Consumption

MPLAB Compiler Optimization Program Memory in Bytes Data Memory in Bytes

0 2411 133
1 2154 133
2 2084 133
3 1760 129
] 1760 129

Power Analysis

In the application, system power consumption is that of the process computer and the supply control module
boards. When the process computer board is powered off, the total system power consumption is due to the supply
control module board. So, in order to keep the average system power consumption to a minimum, it is important to
configure the PIC16F 15244 microcontroller on the supply control board in Sleep mode. As the sleep period of the
microcontroller increases, the average power consumption of microcontroller decreases. Table 3.5 gives the current
consumption data of the PIC16F 15244 microcontroller with various sleep periods.

Note: Current consumption values for the PIC16F15244 microcontroller are captured using Microchip Power
Debugger hardware and MPLAB Data Visualizer.

Table 3-5. Current Consumption of PIC16F15244 Microcontroller

Active Current (uA) | Active Period (us) | Sleep Current (uA) | Sleep Period (s) | Average Current (uA)
202 2 8 2

160
160 202 2 16 2
160 202 2 32 2
© 2021 Microchip Technology Inc. Application Note DS00004121A-page 10
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........... continued
Active Current (uA) | Active Period (us) | Sleep Current (uUA) | Sleep Period (s) | Average Current (uA)
160 202 2 64 2

3.11  Demonstration Setup
Figure 3-6. PIC16F15244 Curiosity Nano Evaluation Kit Hardware Setup
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Real World Applications

In most of the power-critical real world applications designed using high-end 32-bit microcontrollers and
microprocessors, using a separate integrated circuit for the effective system power supply control and management
is a very common practice. Certain applications may require a simple power-supply control device, but with extended
abilities such as dynamic configuration of system sleep duration and timely-control the system power supply through
linear drop-out voltage regulator circuit. In applications such as these, using a PIC16F family microcontroller as the
secondary microcontroller to control the system power supply meets the application requirements, and also keeps the
solution cost-effective.

This section highlights a real-world application where a PIC16F family microcontroller can be used as secondary
microcontroller in a system for power supply control.

A good example for a use case is a GPS tracking and driver-assistance device fitted in school transportation
vehicles. The device is required to track vehicle movement for a fixed range of hours in the morning and evening,
and goes into an inactive state for the rest of the time. The device draws power from the 12V battery of the vehicle’s
electrical system; the vehicle alternator keeps the battery charged while it is in running state. But there is a potential
risk of the device draining the battery over extended inactive periods, such as weekends and holidays. To mitigate
this problem, a PIC16F family microcontroller can be used as a secondary microcontroller on the tracking device to
control the power supply of the device through a voltage regulator circuit. This allows the device to only power-up the
process computer during the scheduled periods, thus avoiding running down the vehicle’s battery.

There are numerous other applications where PIC16F family microcontrollers can be used as the secondary
microcontroller for controlling the power supply of the system, such as:

* battery-powered outdoor weather stations

* automated vending machines

« automated ticketing systems

« digital signage

* home and building automation

* motor control

© 2021 Microchip Technology Inc. Application Note DSOOOO4121A-page 12
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Conclusion

Conclusion
This application note presents developers with a brief overview of how an 8-bit microcontroller can be used to
improve the power consumption of a process computer, such as an SBC.

The proof-of-concept application presented in this application note can be extended in various ways. For example,
oscillator inaccuracies and start-up delays can be compensated for by monitoring the actual sleep time by the
process computer itself. That way, the process computer can change the amount of time the system is expected to
sleep. In addition, various real-time tasks can also be offloaded to the 8-bit PIC microcontroller.

© 2021 Microchip Technology Inc. Application Note DS00004121A-page 13
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Appendix: System Power Supply Control for the Raspberry Pi®
Application

This section demonstrates a use case of system power supply control for use with a Raspberry Pi-based reference
application. The process computer functionality discussed here can also be implemented on other platforms, such as
one of the Shenzhen Xunlong Orange Pi" boards.

In the demonstration, the supply control module device will control the power consumption of the Raspberry Pi board
when it needs to be put in Power-Down mode. A dedicated hardware board with a PIC16F 15245 microcontroller and
a MIC4684 switching regulator with enable control is used for power control of the Raspberry Pi board. The hardware
also contains one MCP1702T low-dropout regulator to power the PIC16F 15245 microcontroller. Figure 6-1 shows the
block diagram of the hardware connections for the demonstration.

In case an immediate wake-up is needed for the Raspberry Pi board, the external trigger input is provided on the
PIC16F 15245 Control Board.

Figure 6-1. Hardware Connection for Raspberry Pi® Power Supply Control Demo

Input Voltage Regulator Ve
Power | MIC4684 d
A
Aux Regulator =
MCP1702T g I“.\ ®
PIC16F15245 12C ‘.‘

External ] .1 MCU ~—

. » Filter Circuit
Trigger

\ PIC16F15245 Control Board J \ Raspberry A

The application functionality is similar to the implementation based on the PIC16F15244 Curiosity Nano kit detailed
in Section 3. System Power Supply Control Emulation with the PIC16F 15244 Microcontroller. The process computer
implementation is switched to the Raspberry Pi board and supply control module implementation is moved to the
dedicated hardware setup, a PIC16F 15245 control board.

As described in section 3.1. Application Overview, when it is time to shut down the Raspberry Pi board, it

will send out the power-down command via an 12C communication interface to the PIC16F 15245 microcontroller.
The PIC16F 15245 microcontroller then turns OFF the voltage regulator by controlling the Enable signal to the
MIC4684. This will disconnect the Raspberry Pi board from power. After turning OFF the power, the PIC16F15245
microcontroller will go down into Low Power mode. This will save a significant amount of power for the entire system.
The PIC16F 15245 microcontroller will turn the power back ON again when the sleep duration has elapsed, or an
external trigger is detected.

Note: “Raspberry Pi” and the Raspberry Pi logo are registered trademarks of the Raspberry Pi Foundation. “Orange
Pi” is a trademark of the Shenzhen Zunlong Software CO., Ltd.

Application Firmware

The Firmware used for the PIC16F 15245 microcontroller is same as the supply control module firmware described in
Section 3.7. Supply Control Module Firmware Overview. Refer to the corresponding section for more details.
Raspberry Pi Firmware

The Raspberry Pi 4 Board is programmed with an elementary firmware to send out the sleep command via the 12C
interface on the switch press event. Raspberry Pi boards are programmed with the Python™ programming language
in this application note.

© 2021 Microchip Technology Inc. Application Note DSOOOO4121A-page 14
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AN4121: PIC16F 15245 Control Board Firmware

Click to browse repositories

The figure below shows a simplified flow of the Raspberry Pi firmware.

Figure 6-2. Raspberry Pi® Firmware Flow Diagram
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6.2 Demonstration Setup
Figure 6-3. Raspberry Pi® Hardware Setup
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6.3 Power Analysis
While in Software Shutdown mode, the Raspberry Pi board consumes 1.6W of power, whereas the total system
power consumption including the PIC16F 15245 control board is 1.9W. Assuming a Raspberry Pi system needs to be
active for 12 hours a day, the approximate power saved for one day is 19.2 Wh (1.6W * 12h) . This power saved can
further be improved if the PIC16F 15245 microcontroller is put into Sleep mode. Table 6-1 gives the detailed power
consumption of the application in Active and Sleep state with the Raspberry Pi board. In Active mode, the Raspberry
Pi board consumes 2.5W, while the PIC16F 15245 microcontroller on the Control board consumes 508 pW.

Table 6-1. Power Consumption of the Total Application System

System State Raspberry Pi Power PIC16F15245 MCU Power | Total System Power
Consumption (W) Consumption (uwW)(" Consumption (W)(1:2.3)
508 2.9

Active 2.5
Sleep 0 6.6 0.03
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........... continued

System State Raspberry Pi Power PIC16F15245 MCU Power | Total System Power
Consumption (W)(") Consumption (pW)( Consumption (W)(*:2 3)

Notes:

1. Current consumption values for the PIC16F 15245 microcontroller are captured using Microchip Power
Debugger hardware and MPLAB Data Visualizer software.

2. The total system power consumption is the sum of the Raspberry Pi board power consumption and the
PIC16F 15245 Control board power consumption.

3. Inthe ‘Total System Power Consumption’ column, the excess power consumption is due to the additional
hardware present on the PIC16F15245 Control board, such as the voltage regulator (MIC4684), the Aux
Regulator (MCP1702T), and filter circuit.

6.4 PIC16F15245 Control Board Schematics

Figure 6-4. Regulator IC1 Schematic (Provides power to PIC microcontroller)
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Figure 6-5. Regulator IC2 Schematic (Provides power to Raspberry Pi board)
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Figure 6-6. PIC16F15245 Schematic
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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.

» 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.
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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, KeelLoq, Kleer, LANCheck,
LinkMD, maXStylus, maXTouch, MediaLB, megaAVR, Microsemi, Microsemi logo, MOST, MOST logo, MPLAB,
OptolLyzer, 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
US.A

Adjacent Key Suppression, AKS, Analog-for-the-Digital Age, Any Capacitor, Anyln, 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 1/0, simpleMAP, SimpliPHY, SmartBuffer, SmartHLS, SMART-I.S., storClad, SQI, SuperSwitcher,
SuperSwitcher Il, Switchtec, SynchroPHY, Total Endurance, TSHARC, USBCheck, VariSense, VectorBlox, VeriPHY,
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 Il GmbH & Co. KG, a subsidiary of Microchip
Technology Inc., in other countries.

All other trademarks mentioned herein are property of their respective companies.
© 2021, Microchip Technology Incorporated and its subsidiaries. All Rights Reserved.
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Quality Management System

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