
 User Guide
© 2024 Microchip Technology Inc. and its subsidiaries

DS50003746A - 1

Preface

• Website - Purchase this product, kit information, latest user guide, and design documentation
• Microchip Direct - Purchase this product
• Schematics - Board schematics and history
• Altium Project - Altium Design files for the latest board revision
• Design Documentation - Production files for every revision

 Multi-Phase Power Board Hardware User Guide
 Multi-Phase Power Board Hardware User Guide

https://www.microchip.com/en-us/development-tool/EV35Z86A
https://www.microchipdirect.com/dev-tools/EV35Z86A
https://ww1.microchip.com/downloads/aemDocuments/documents/MCU08/ProductDocuments/BoardDesignFiles/Multi-Phase-Power-Board-Schematics.pdf
https://ww1.microchip.com/downloads/aemDocuments/documents/MCU08/ProductDocuments/BoardDesignFiles/Multi-Phase-Power-Board-Altium-Project.zip
https://ww1.microchip.com/downloads/aemDocuments/documents/MCU08/ProductDocuments/BoardDesignFiles/Multi-Phase-Power-Board-Design-Documentation.zip


 Multi-Phase Power Board Hardware User Guide

 User Guide
© 2024 Microchip Technology Inc. and its subsidiaries

DS50003746A - 2

Table of Contents
Preface................................................................................................................................................................................... 1

1. Overview.........................................................................................................................................................................4

1.1. Ecosystem Overview..........................................................................................................................................4
1.2. MPPB Overview.................................................................................................................................................. 4
1.3. MPPB Feature List.............................................................................................................................................. 5

2. Adapter Connector........................................................................................................................................................6

3. Peripherals..................................................................................................................................................................... 8

3.1. User LED..............................................................................................................................................................8
3.2. User Switch......................................................................................................................................................... 8
3.3. User Potentiometer........................................................................................................................................... 8
3.4. Temperature Sensor..........................................................................................................................................8
3.5. Hall Sensor Header............................................................................................................................................ 9
3.6. PWM Input Header............................................................................................................................................ 9

4. Power Stage................................................................................................................................................................. 10

4.1. Phase Output....................................................................................................................................................10
4.2. Voltage Feedback............................................................................................................................................. 11

4.2.1. Phase Voltage Sense........................................................................................................................ 11
4.2.2. Virtual Neutral Point.........................................................................................................................11

4.3. Phase Current Sense....................................................................................................................................... 12
4.3.1. Current Sense Amplifier 1............................................................................................................... 12
4.3.2. Current Sense Amplifier 2............................................................................................................... 13
4.3.3. Voltage Reference.............................................................................................................................14

5. Voltage Regulators...................................................................................................................................................... 15

5.1. Power Domains................................................................................................................................................15
5.2. Power Status LEDs........................................................................................................................................... 16
5.3. Voltage Monitors..............................................................................................................................................16
5.4. Voff Functionality............................................................................................................................................. 16

6. Adapter Boards........................................................................................................................................................... 17

6.1. AVR16EB32-CNANO Adapter.......................................................................................................................... 17
6.1.1. AVR16EB32-CNANO Adapter Pinout.............................................................................................. 17
6.1.2. AVR16EB32-CNANO Adapter Revision History..............................................................................18

7. Revision History...........................................................................................................................................................19

7.1. Hardware Revision History and Known Issues.............................................................................................19
7.1.1. Identifying Product ID and Revision............................................................................................... 19
7.1.2. Revision 3...........................................................................................................................................19
7.1.3. Revision 2...........................................................................................................................................19

7.2. Document Revision History............................................................................................................................ 20

8. Appendix...................................................................................................................................................................... 21

8.1. Schematics........................................................................................................................................................22
8.2. Assembly Drawings......................................................................................................................................... 29



 Multi-Phase Power Board Hardware User Guide

 User Guide
© 2024 Microchip Technology Inc. and its subsidiaries

DS50003746A - 3

Microchip Information....................................................................................................................................................... 31

The Microchip Website............................................................................................................................................... 31
Product Change Notification Service........................................................................................................................ 31
Customer Support.......................................................................................................................................................31
Microchip Devices Code Protection Feature............................................................................................................31
Legal Notice..................................................................................................................................................................31
Trademarks.................................................................................................................................................................. 32
Quality Management System.....................................................................................................................................33
Worldwide Sales and Service..................................................................................................................................... 34



 Multi-Phase Power Board Hardware User Guide
Overview

 User Guide
© 2024 Microchip Technology Inc. and its subsidiaries

DS50003746A - 4

1. Overview
1.1 Ecosystem Overview

The Multi-Phase Power Board (MPPB) features a modular design and relies on adapter boards to
produce the necessary drive signals, enabling the evaluation of various configurations.

Figure 1-1 shows an example setup of the following products connected for a complete motor
control solution:
• Multi-Phase Power Board (EV35Z86A)
• AVR16EB32-CNANO MPPB Adapter (EV88N31A)
• AVR16EB32 Curiosity Nano (EV73J36A)

Figure 1-1. A Complete System: Multi-Phase Power Board with Adapter Board and Curiosity Nano

1.2 MPPB Overview
Figure 1-2. Multi-Phase Power Board Overview

https://www.microchip.com/en-us/development-tool/ev35z86a
https://www.microchip.com/en-us/development-tool/ev88n31a
https://www.microchip.com/en-us/development-tool/ev73j36a
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1.3 MPPB Feature List
• Power stage for motor control

• Board-to-board connector for Multi-Phase Power Board
Adapters

• Wide voltage range
– Supports 6-50V external power input

– Rated for 10A at 24V

• Four output phases
– Individually controllable

– MIC4605 half-bridge MOSFET driver

– Voltage feedback from each phase

• User-configurable virtual point

• Two current sense channels
– User-configurable phase selection

– Using MCP6021 Operational amplifiers

• On-Board Peripherals
– MCP9701 temperature sensor

– Potentiometer

– User LED and push button

– Optional external PWM input

– Optional HALL sensor input

• Board identification in MPLAB® X IDE

• On-board Power Supplies
– MIC28512 5V 2A Synchronous buck regulator, steps

down input voltage

– MCP1754 3.3V 150 mA LDO to power connected
adapter, peripherals and I/O

– MCP1661 12V 200 mA PWM Boost Regulator
powering the MOSFET drivers

https://www.microchip.com/en-us/product/mic4605
https://www.microchip.com/en-us/product/mcp6021
https://www.microchip.com/en-us/product/mcp9701
https://www.microchip.com/en-us/product/mic28512
https://www.microchip.com/en-us/product/mcp1754
https://www.microchip.com/en-us/product/mcp1661
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2. Adapter Connector
All features of the Multi-Phase Power Board are accessible through the Adapter connector, a 2x20
position, 100-mil (2.54mm) pitch right-angled socket connector.

Figure 2-1. Adapter Connector Pin-out
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feedback

5 CURRENT SENSE 2 Current sense amplifier 2
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7 CURRENT SENSE 1 Current sense amplifier 1
output

8 FEEDBACK C Phase C voltage feedback
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...........continued
Position on Adapter Connector Name Function

13 GND Power and signal return

14 GND Power and signal return

15 – Not connected

16 – Not connected

17 – Not connected

18 PWM IN PWM-IN signal (level shifted)

19 DRIVE D LOW Phase D low side control input

20 DRIVE D HIGH Phase D high side control input

21 DRIVE C LOW Phase C low side control input

22 DRIVE C HIGH Phase C high side control input

23 DRIVE B LOW Phase B low side control input

24 DRIVE B HIGH Phase B high side control input

25 DRIVE A LOW Phase A low side control input

26 DRIVE A HIGH Phase A high side control input

27 GND Power and signal return

28 GND Power and signal return

29 POTENTIOMETER Adjustable voltage divider
analog output

30 – Not connected

31 TEMPERATURE SENSOR On-board temperature sensor
analog output

32 HALL C Hall sensor C-channel (level
shifted)

33 LED On-board LED active-low input

34 HALL B Hall sensor B-channel (level
shifted)

35 SWITCH On-board switch active-low
output

36 HALL A Hall sensor A-channel (level
shifted)

37 ID SYSTEM Provides board information to
MPLAB-X IDE

38 VOFF Open-drain output indicates
whether MPPB board is
powered

39 +3V3 +3.3V supply output

40 GND Power and signal return
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3. Peripherals
3.1 User LED

There is one user-controllable LED available on the Multi-Phase
Power Board. The LED is red and can be activated by pulling the
connected I/O line low.

Table 3-1. LED Connection
Position on Adapter Connector Silk Screen Marking

33 LED

3.2 User Switch
The Multi-Phase Power Board features a push-button switch,
which pulls the connected I/O line low when pressed.

Table 3-2. Switch Connection
Position on Adapter Connector Silk Screen Marking

35 SWITCH

3.3 User Potentiometer
There is a 10 kΩ potentiometer on the Multi-Phase Power Board.
It is connected as a voltage divider and supplies a linearly
adjustable voltage to the Adapter connector.

Table 3-3. Potentiometer Connection
Position on Adapter Connector Silk Screen Marking

29 POT-METER

3.4 Temperature Sensor
An MCP9701 analog temperature sensor is located in the power
stage of the Multi-Phase Power Board, close to the phase
connector.
The output voltage is a linear function of the measured
temperature:VOUT[mV] = 19.5 × T[℃] + 400

Table 3-4. Temperature Sensor Connection
Position on Adapter Connector Location

31 Between phase B and C

https://www.microchip.com/en-us/product/mcp9701
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3.5 Hall Sensor Header
The Hall sensor connector is a 5-pin 100-mil header for
connecting push-pull or open-drain hall sensors.
Pull-up resistors set idle signals to 5V, while level shifters adjust
the hall signals to 3.3V for the Adapter connector.

Info: The bi-directional level shifters allow the Hall sensor pins to function as
both inputs and outputs.

Table 3-5. Hall Sensor Connections
Position on Hall Sensor
Connector

Silk Screen Marking Position on Adapter Connector

1 +5V –

2 A 36

3 B 34

4 C 32

5 GND –

3.6 PWM Input Header
The PWM input header is a 3-pin 100-mil header with a pinout
compatible with standard hobby servos.
A pull-up resistor sets the idle signal to 5V, while a level shifter
adjusts the PWM signal to 3.3V for the Adapter connector.
A 6.8Ω resistor between the +5V pin and the on-board +5V
regulator acts as protection against accidental short circuits.

Info: The bi-directional level shifter allows the PWM header to function as both
an input and output.

Table 3-6. PWM Header Connections
Position on PWM In Connector Silk Screen Marking Position on Adapter Connector

1 PWM 18

2 +5V –

3 GND –
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4. Power Stage
The Multi-Phase Power Board power stage features four identical output channels. These are known
as the board's “Phases” and are labeled A through D.

Each phase can be independently controlled through the adapter connector, and provides options
for voltage and current feedback.

Power Stage Performance

Voltage Range 6V to 50V

Power(1) 10A at 24V

Note: 
1: Typical performance in base configuration.

4.1 Phase Output
Each output phase consists of two N-channel power MOSFETs (SIR120DP
by Vishay) arranged in a half-bridge configuration. The gates are
controlled by a Microchip MIC4605-1 half-bridge MOSFET driver, allowing
individual control of the high and low side MOSFETs while providing
shoot-through protection.
The control signals are available through the adapter connector. Pull-
down resistors are mounted close to the MIC4605, so neither MOSFET
is active by default, causing the phase output to float.
Each phase has a ten mΩ low-side current sense resistor routed into the
on-board current sense system.

Figure 4-1. Half Bridge Functional Diagram

Table 4-1. Key MOSFET Parameters
SIR120DP Summary

VDS 80V

RDS(ON) max. at VGS= 10V 0.00355Ω

Qg typ. 48.5 nC

ID 106A

https://www.microchip.com/en-us/product/mic4605
https://www.vishay.com/en/product/79731/
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Table 4-2. Half Bridge Drive Connections
Phase Signal Position on Adapter Connector

A Drive A High 26

Drive A Low 25

B Drive B High 24

Drive B Low 23

C Drive C High 22

Drive C Low 21

D Drive D High 20

Drive D Low 19

4.2 Voltage Feedback
The MPPB’s power stage provides voltage feedback options for each phase and includes a
configurable virtual neutral point for back EMF measurements.

4.2.1 Phase Voltage Sense
The instantaneous output voltage of each phase is routed
through a resistor divider before being exposed on the adapter
connector.

Info: The phase output voltages are divided by 16 to bring them within 0-3.3V for
the full V_Supply range.

Table 4-3. Phase Voltage Connections
Phase Signal Name Position on Adapter Connector

A Feedback A 12

B Feedback B 10

C Feedback C 8

D Feedback D 6

4.2.2 Virtual Neutral Point
The 3-phase virtual neutral point is implemented using resistors and
provides an instantaneous average voltage of the three phases connected
to it.
In the out-of-box configuration, phases A, B and C are connected to the
virtual neutral. Other configurations are possible by modifying the board
and moving the 0805-size 0-Ohm resistors.

Info: The virtual neutral point output voltage is divided by 16 to bring it within
0-3.3V for the full V_Supply range.
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Figure 4-2. Virtual Neutral Point

Table 4-4. Virtual Point Connection
Phase Signal Name Position on Adapter Connector

Virtual Neutral Point Feedback N 4

4.3 Phase Current Sense
The Multi-Phase Power Board features two independent current sense amplifiers, implemented
using MCP6021op-amps in a differential summing configuration around a reference voltage.

The number of phases connected to each amplifier is configurable and will influence the transfer
function as per Table 4-5.

Table 4-5. Amplifier Transfer Functions
# Phases
Connected

Amplifier Gain Transfer Function

1Ph 15 VCS = VREF− 320IPH1
2Ph 10 VCS = VREF− 110 IPH1+ IPH2
3Ph 7.5 VCS = VREF− 340 IPH1+ IPH2+ IPH3

4.3.1 Current Sense Amplifier 1
Current Sense Amplifier 1 can connect to phases A, B and C. In the out-
of-box configuration, it is connected to all three. Other configurations
are possible by modifying the board and moving the 0805-size 0-Ohm
resistors.

https://www.microchip.com/en-us/product/mcp6021
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Figure 4-3. Current Sense 1 Block Diagram

Table 4-6. Current Sense 1 Connection
Position on Adapter Connector Silk Screen Marking

7 CS1

4.3.2 Current Sense Amplifier 2
Current Sense Amplifier 2 can connect to phases B, C and D. In the out-of-
box configuration it is connected only to phase D. Other configurations
are possible by modifying the board and moving the 0805-size 0-Ohm
resistors.

Figure 4-4. Current Sense 2 Block Diagram

Table 4-7. Current Sense 2 Connection
Position on Adapter Connector Silk Screen Marking

5 CS2
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4.3.3 Voltage Reference
The voltage reference generates the midpoint
voltage for the current sense amplifiers. It is
implemented as a voltage divider feeding into
an MCP6021 op-amp configured as a unity gain
amplifier.
The Vref circuit output is also available on the
adapter connector as an ADC reference.

Info: The voltage reference output voltage is 1.65V.

Table 4-8. Vref Connection
Position on Adapter Connector Silk Screen Marking

3 VREF

https://www.microchip.com/en-us/product/mcp6021
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5. Voltage Regulators
The Multi-Phase Power Board is powered entirely from the V_SUPPLY screw terminal. All required
voltages are generated on-board from the main 6-50V supply through a series of regulators.

Figure 5-1. Power Supply Overview

5.1 Power Domains
There are four power domains in use on the Multi-Phase Power Board.

V_SUPPLY
V_SUPPLY can be from 6V to 50V and is applied to the board via the V_SUPPLY screw terminal. It is
the primary power source for the rest of the board and the voltage used to drive the Phase Outputs.
This power domain can be measured using a Voltage Monitor.

+5V
V_SUPPLY is stepped down to +5V by a MIC28512 buck regulator. In addition to being a source for
the other voltage regulators, +5V is used for:

• HALL SENSOR header
• PWM IN header
• VOFF System

+12V
The MCP1661 boost regulator generates a +12V output which powers the MOSFET gate drivers in
the MOSFET gate drivers in the power stage. This power domain can be measured through a Voltage
Monitor.

+3V3
+3V3 is the main logic level of the Multi-Phase Power Board. It is generated by an MCP1754 LDO and
used by the following peripherals:
• Adapter connector
• LED
• Potentiometer
• Temperature sensor

https://www.microchip.com/en-us/product/mic28512
https://www.microchip.com/en-us/product/mcp1661
https://www.microchip.com/en-us/product/mcp1754
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• Current Sense amplifiers
• VREF Circuit

Limits

Table 5-1. Voltage Rail Limits
Domain Vmin Vmax Imax
V_SUPPLY 6V 50V 30A

+5V 4.81V 5.17V 2A

+12V 11.40V 12.55V 200 mA

+3V3 3.23V 3.37V (1) 150 mA
Note: 
1: The +3V3 rail is reverse blocking and tolerant of voltages up to 5.5V.

5.2 Power Status LEDs
The power status section of the MPPB features three LEDs that
indicate which of the on-board power domains have a voltage
present:
• +12V Blue LED

• +5V Green LED

• +3V3 Yellow LED

5.3 Voltage Monitors
You can monitor the V_SUPPLY and +12V voltage domains on the Multi-Phase Power Board from the
adapter connector via fixed voltage dividers.

Table 5-2. Voltage Monitor Connections
Position on Adapter Connector Net Divisor

9 V_SUPPLY 16

11 +12V 4

5.4 Voff Functionality
The Voff (Voltage-Off) signal is an open drain output from the
Multi-Phase Power Board that indicates whether the MPPB is
powered. The signal is held low as long as the +5V rail is present,
indicating that the MPPB supplies +3.3V to the Adapter connector.
This functionality is used to inhibit other power sources on
connected adapters from conflicting with the MPPB’s on-board
regulators.

Table 5-3. Voff Connection
Position on Adapter Connector Silk Screen Marking

38 VOFF
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6. Adapter Boards
Adapter boards compatible with the Multi-Phase Power Board system.

6.1 AVR16EB32-CNANO Adapter
Multi-Phase Power Board Adapter for AVR16EB32 Curiosity Nano acts as a bridge between an
AVR16EB32 Curiosity Nano board and the MPPB.

A full solution for the AVR16EB32 requires the following three development kits:
• Multi-Phase Power Board (EV35Z86A)
• AVR16EB32-CNANO MPPB Adapter (EV88N31A)
• AVR16EB32 Curiosity Nano (EV73J36A)

• Website - Purchase this adapter, board information, and design documentation
• Schematics - Board schematics and history
• Altium Project - Altium Design files for the latest board revision
• Design Documentation - Production files for every revision

6.1.1 AVR16EB32-CNANO Adapter Pinout
The adapter maps the Curiosity Nano edge connector pins to the MPPB board features according to
Figure 6-1.

https://www.microchip.com/en-us/development-tool/ev35z86a
https://www.microchip.com/en-us/development-tool/ev88n31a
https://www.microchip.com/en-us/development-tool/ev73j36a
https://www.microchip.com/en-us/development-tool/EV88N31A
https://ww1.microchip.com/downloads/aemDocuments/documents/MCU08/ProductDocuments/BoardDesignFiles/AVR16EB32-CNANO-MPPB-Adapter-Schematics.pdf
https://ww1.microchip.com/downloads/aemDocuments/documents/MCU08/ProductDocuments/BoardDesignFiles/AVR16EB32-CNANO-MPPB-Adapter-Altium-Project.zip
https://ww1.microchip.com/downloads/aemDocuments/documents/MCU08/ProductDocuments/BoardDesignFiles/AVR16EB32-CNANO-MPPB-Adapter-Design-Documentation.zip
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Figure 6-1. AVR16EB32-CNANO MPPB Adapter Pin Mapping
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6.1.2 AVR16EB32-CNANO Adapter Revision History
Details on finding Product ID and Revision: Identifying Product ID and Revision. The product
identifier of the AVR® EB adapter is 02-01017.

Revision 2
This is the initially released revision of the AVR16EB32-CNANO MPPB Adapter.
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7. Revision History
Hardware and Document Revision History.

7.1 Hardware Revision History and Known Issues
This user guide provides information about the latest available revision of the board. The following
sections contain information about known issues, a revision history of older revisions, and how
older revisions differ from the latest revision.

7.1.1 Identifying Product ID and Revision
There are two ways to find the revision and product identifier of the Multi-Phase Power Board and
its Adapters: The MPLAB X IDE Kit Window or the sticker on the bottom of the PCB.

The Kit Window appears in MPLAB X IDE when connecting a Curiosity Nano development board to
the computer. An additional page for the MPPB and Adapters shows when the CNANO is plugged
into the socket on the board.

The first nine digits of the serial number, listed under kit information, contain the product identifier
and revision.

Tip: If closed, you can open the Kit Window in MPLAB X IDE through the menu bar
Window > Kit Window.

The same information is found on the sticker on the bottom side of the PCB. The data matrix code
on the sticker contains a string with the product identifier, revision and serial number.

The product identifier and revision of the MPPB are printed in plain text as 02-00671/rr, where "rr"
represents the revision. The serial number is printed on the following line.

The string in the data matrix code has the following format:

"nnnnnnnrrsssssssss"

n = product identifier

r = revision

s = serial number

7.1.2 Revision 3
Revision 3 removes all 5% resistors and replaces them with equivalent 1% alternatives:

Resistor Value
R104, R110, R505 1 kΩ
R120, R400, R402, R404, R406, R408, R409, R410, R411 150 kΩ
R100, R113, R116, R118, R305_CS1, R305_CS2 100Ω

7.1.3 Revision 2
Revision 2 of the Multi-Phase Power Board.

Revision 2 is the initially released board revision of the Multi-Phase Power Board.
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7.2 Document Revision History
Doc. Rev. Date Comments

A 08/2024 Initial document release
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8. Appendix
Schematics, Assembly Drawing
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Figure 8-2. Interfacesrotatethispage90
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Figure 8-3. Inverter Stagerotatethispage90
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Figure 8-4. Phase x 4rotatethispage90
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Figure 8-5. Current Sense x 2rotatethispage90
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Figure 8-6. Voltage Senserotatethispage90
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Figure 8-7. Power Supply rotatethispage90
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8.2 Assembly Drawings
Figure 8-8. Top Assembly
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Figure 8-9. Bottom Assembly
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Microchip Information
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

https://www.microchip.com/
https://www.microchip.com/pcn
https://www.microchip.com/support
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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, 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, ClockWorks, The Embedded Control Solutions Company, EtherSynch, Flashtec, Hyper
Speed Control, HyperLight Load, Libero, motorBench, mTouch, Powermite 3, Precision Edge,
ProASIC, ProASIC Plus, ProASIC Plus logo, Quiet-Wire, SmartFusion, SyncWorld, TimeCesium,
TimeHub, TimePictra, TimeProvider, 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, Clockstudio, CodeGuard, CryptoAuthentication,
CryptoAutomotive, CryptoCompanion, CryptoController, dsPICDEM, dsPICDEM.net, Dynamic
Average Matching, DAM, ECAN, Espresso T1S, EtherGREEN, EyeOpen, GridTime, IdealBridge,
IGaT, In-Circuit Serial Programming, ICSP, INICnet, Intelligent Paralleling, IntelliMOS, Inter-Chip
Connectivity, JitterBlocker, Knob-on-Display, MarginLink, maxCrypto, maxView, memBrain, Mindi,
MiWi, MPASM, MPF, MPLAB Certified logo, MPLIB, MPLINK, mSiC, MultiTRAK, NetDetach, Omniscient
Code Generation, PICDEM, PICDEM.net, PICkit, PICtail, Power MOS IV, Power MOS 7, 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, Trusted Time, TSHARC, Turing, 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, and Symmcom 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.

https://www.microchip.com/en-us/support/design-help/client-support-services
https://www.microchip.com/en-us/support/design-help/client-support-services
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All other trademarks mentioned herein are property of their respective companies.
© 2024, 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.

https://www.microchip.com/quality
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AMERICAS ASIA/PACIFIC ASIA/PACIFIC EUROPE

Corporate Office

2355 West Chandler Blvd.
Chandler, AZ 85224-6199
Tel: 480-792-7200
Fax: 480-792-7277

Technical Support:
www.microchip.com/support

Web Address:
www.microchip.com

Atlanta

Duluth, GA
Tel: 678-957-9614
Fax: 678-957-1455

Austin, TX

Tel: 512-257-3370

Boston

Westborough, MA
Tel: 774-760-0087
Fax: 774-760-0088

Chicago

Itasca, IL
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Dallas

Addison, TX
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Detroit
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Houston, TX
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Los Angeles
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Raleigh, NC
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New York, NY
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San Jose, CA
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China - Beijing
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China - Dongguan
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China - Guangzhou
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China - Hangzhou
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China - Hong Kong SAR
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China - Shanghai
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China - Suzhou
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China - Wuhan
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China - Xian
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China - Xiamen

Tel: 86-592-2388138

China - Zhuhai

Tel: 86-756-3210040

India - Bangalore

Tel: 91-80-3090-4444

India - New Delhi

Tel: 91-11-4160-8631

India - Pune

Tel: 91-20-4121-0141

Japan - Osaka

Tel: 81-6-6152-7160

Japan - Tokyo

Tel: 81-3-6880- 3770

Korea - Daegu

Tel: 82-53-744-4301

Korea - Seoul

Tel: 82-2-554-7200

Malaysia - Kuala Lumpur

Tel: 60-3-7651-7906
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