
 EV84M21A
 PIC32CXMTSH-DB HW User's Guide

Introduction
The PIC32CXMTSH-DB (EV84M21A) is a demonstration board for the PIC32CXMTSH Series from Microchip
Technology Inc. This is a system-on-chip solution for residential smart meter applications built around two high-
performance 32-bit Arm® Cortex®-M4F processors, including a 5-channel 24-bit Sigma Delta ADC metering analog
front end (2V, 2I and one temperature sensor). The user application runs in Core 0 at a maximum frequency of 200
MHz and the metrology library runs in Core 1 up to 240 MHz. The dual Arm Cortex-M4F architecture allows the
integration of the application layer, communications layers and metrology functions in a single device. The board is
designed to interface with current transformers, Rogowski coils and shunt current sensors. It can also interface with
communications devices such as PLC and/or RF modules.

Target demonstrations summary:
• Metrology performance verification
• Dual-Core Cortex-M4F solution for meter firmware integration
• RF or PLC communication through modules plugged on dedicated extension ports

This user's guide introduces the PIC32CXMTSH-DB Demonstration Board and how to get started with the board.

Contents
The Demonstration Kit includes the following:

• One PIC32CXMTSH-DB board in an enclosure
• One Micro A/B-type USB cable
• One Plug-in adapter for programming/debugging boards with small 10-pin 0.05-inch connector by means of a

20-pin 1-inch connector
• One 12V AC/DC wall mount adapter with interchangeable plugs

Features
The PIC32CXMTSH-DB board includes the following features:

• Residential (2 voltages and 2 currents) Smart Meter Demonstrator
• Dual Arm Cortex-M4F cores and energy metering AFE
• Voltage range measurement is from 90 Vac to 264 Vac. It can be extended to 291 Vac removing the power

supply (U1)
• Current range measurement depends on the current sensor used and the configuration of the internal PGAs.

The current sensor input channels come populated with 3.24Ω burden resistors for a current transformer (CT)
• Compliant with CT, Shunt or Rogowski Coil sensors
• Opto-Port interface compliant with ANSI C12.20 protocol for AMR
• Isolated access to metering pulses (Wh, VARh, A2h) by an Opto-Port and/or an isolated interface
• Flash memory for meter data storage and firmware update
• Battery-backed real-time clock and power supply monitor
• Custom smart meter 20-segment LCD and control buttons
• Isolated UART interface by USB bridge
• Interface for Xplained PRO and mikroBUSTM standard add-on boards
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• Safety case to handle the board without electrical shock risk

 EV84M21A
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1. Evaluation Kit Specifications

1.1 Safety Recommendations
The demonstration board is intended for further engineering, development, demonstration or evaluation purposes
only and is not for commercial use. Therefore, the demonstration board is not fault tolerant and is not designed or
manufactured with protective considerations, including but not limited to product safety measures typically found in
finished commercial goods.

The board can be powered directly from mains grid (90 - 264 Vac), which can cause PERSONAL INJURY,
DEATH OR PHYSICAL DAMAGE. Therefore, exercise caution when testing these devices. The user must be a
skilled person1 in the practice and art of high voltage circuitry in order to utilize the circuits in the board. It is
highly recommended that the user have qualifications or be certified for handling AC power; COMMON SENSE
IS ENCOURAGED. The user agrees not to use the board in any situation where damage or injury to persons,
property or business could occur. Furthermore, the board is NOT FOR RESALE/COMMERCIAL USE AND MUST BE
STRICTLY OPERATED IN A WELL-CONTROLLED LABORATORY ENVIRONMENTS.

Note: 
1. According to EN 62368-1, a skilled person is a term applied to persons who have training or experience in

the equipment technology, particularly in knowing the various energies and energy magnitudes used in the
equipment. Skilled persons are expected to use their training and experience to recognize energy sources
capable of causing pain or injury and to take action for protection from injury from those energies. Skilled
persons must also be protected against unintentional contact or exposure to energy sources capable of
causing injury.

DANGER
Not all the board is isolated from mains. To avoid damage to instruments, do not connect any probe (i.e.,
debugger, oscilloscopes) to the non-isolated area of the board when the board is connected to mains.

The mains signal is identified in the enclosure with the symbol: .

WARNING
To avoid user access to dangerous parts, PIC32CXMTSH-DB must always be used within its enclosure.
USB and Pulse Outputs connectors are accessible without electrical shock risk due to the provided optical
isolation.

WARNING
If supplying the board via an external DC source, the socket outlet must be easily accessible.

For any hardware components and/or jumper configuration changes, the board must be switched off and
disconnected from the electrical network.

Attention: Be wary of the AC/DC Flyback power supply as it keeps its mains voltage charge for some
time after disconnection from the mains grid. Also, notice that this board does not have any switch on the
mains connection to turn it on or off.

The board must not be subjected to high electrostatic potentials.

Tip: It is strongly recommended that a grounding strap or similar ESD protective device be used when
handling the board in hostile ESD environments (offices with synthetic carpet, for example). Avoid touching
the component pins or any other metallic element on the board.

 EV84M21A
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This board can be used with coin batteries, which are highly contaminating products. Used batteries must always be
recycled or safely treated and disposed.

Important: Microchip does not assume any responsibility for the consequences arising from any improper
use of this board.

1.2 Electrical and Board Characteristics
This section contains information about the PIC32CXMTSH-DB power supply requirements and consumption. For
more details about the power supply system, refer to 3.3.4.  Power Supply System. Additionally, this section contains
a table with the main board characteristics.

Two options are available to power-up the PIC32CXMTSH-DB board:
• Powering the on-board AC power supply through an external AC source in the J1 (Neutral, VN) and the J2

(LINE1, V1) connectors
• Powering through an external DC power supply connected to the J3 connector

Table 1-1. Power Supply Requirements

Electrical Parameter Power Source Value

Input Voltage AC Connectors, J1 and J2 90 – 264 Vac, 47 – 63 Hz

Maximum Input Current AC Connectors, J1 and J2
115 Vac: 110 mA
230 Vac: 70 mA

Input Voltage DC Jack Connector, J3 +12 Vdc

Maximum Input Current DC Jack Connector, J3 18W / 12 Vdc = 1.5A

Table 1-2. Board Characteristics

Characteristic Specification

Operating Temperature -40°C to +85°C1

Relative Humidity 0 to 85% (non-condensing)

Board Dimensions 192 mm × 161 mm × 25 mm

RoHS Status RoHS 3 Compliant

China RoHS Status EFUP50

REACH Status REACH Compliant

Note: 
1. The DS1 and U1 components of the board may have reduced performance or become damaged even when

operating in this temperature range. The operating temperature for DS1 is -25°C to +60°C and U1 is -30°C to
+85°C.
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2. Getting Started
Unpack and inspect the kit carefully.

Figure 2-1. PIC32CXMTSH-DB Kit

The board is inside an enclosure made of polycarbonate UL 94 V-0 (271 mm x 170 mm x 60 mm). The board can be
accessed by opening the enclosure through both quick-release catches using a screwdriver. The board is mounted
on a panel over the base. Take the board out of the PCB spacers to release the board from the enclosure.

Figure 2-2. Open the Enclosure

The transparent lid allows checking the status of the output LEDs and the LCD display with the closed enclosure.

Once the board is powered, the PIC32CXMTSH-DB runs the pre-programmed Microchip Demo Meter application.

For a further description of the application firmware and its functionality, refer to the PIC32CXMTx-DB Getting Started
User Guide and the Metering Demo and Developer User Guide.

To connect the USB cable to J12 or the AC/DC wall adapter to J3, it is not necessary to open the enclosure.

 EV84M21A
Getting Started
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Figure 2-3. Connection of AC/DC Wall Adapter and USB

However, it is necessary to open the enclosure to connect an AC power source (mains grid) to the J1 and J2
connectors. Once the connections are made, remember to close the enclosure before connecting it to mains.

Figure 2-4. Connection of AC Power Source

WARNING
When the board is connected to the mains grid, there is a risk of PERSONAL INJURY OR PHYSICAL
DAMAGE. Make sure that the enclosure is closed before connecting the board to the mains grid and do
not open the lid.

Important: Remember that it is not necessary to open the enclosure for the proper functioning of the
board. However, if you need to open the enclosure and manipulate the board, make sure that it is
disconnected from mains.

2.1 Code and Technical Support
Firmware developers can run the given example code, and also implement their own applications based on the
provided firmware stacks.

Note that the latest software code, documentation and support materials are available on www.microchip.com.

For any technical support requests, visit support.microchip.com.

 EV84M21A
Getting Started
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3. PIC32CXMTSH-DB Board

3.1 Overview
This section summarizes the PIC32CXMTSH-DB board design. It provides a high-level description of the board, such
as power supply, MCU, metrology AFE, memory, peripherals and interface board. This document is not intended to
provide detailed documentation about the processor or any other component used. It is expected that the user will
refer to the appropriate documents of those devices to access detailed information.

Figure 3-1. PIC32CXMTSH-DB Board Description
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3.2 Features List
The PIC32CXMTSH-DB board includes the following features:

• PIC32CX2051MTSH128 SoC:
– Application/Host Core (CM4-C0)
– Metrology/Coprocessor Core (CM4-C1)
– Energy Metering Analog Front End (EMAFE)
– Security and Cryptography

 EV84M21A
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– Dual-Core Shared System Controller
• Measurement Circuits of Voltage (90-264 Vac) and Current compatible with different current sensors
• On-board AC power supply to supply a 3.3V buck converter for the digital circuitry and a 5V buck converter for

supplying 5V of mikroBUS and Xplained PRO interfaces
• A supply monitor to sense the 12V power supply
• Peripherals:

– 16-Mbit Serial Quad I/O (SQI) Flash Memory
– Display LCD (8 common lines and 20 segments)
– Reset, Tamper, Force Wake-Up, Scroll Down and Scroll Up buttons
– Chip Erase jumper

• Interfaces:
– Isolated UART interface by USB bridge
– Isolated UART signals by an Opto-Port Interface
– Metrology Pulses Outputs (Isolated and Optocoupled)
– SWD/JTAG debugging port
– Xplained PRO connector with Power connector
– mikroBUS add-on connector

3.2.1 Block Diagram
The following figure shows the block diagram of the PIC32CXMTSH-DB board.

Figure 3-2. PIC32CXMTSH-DB Block Diagram
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3.2.2 Interface Connection
The PIC32CXMTSH-DB board includes hardware interfaces such as jumpers, connectors and buttons.

The following figure shows an overview of the connectors, jumpers and buttons of the PIC32CXMTSH-DB board.
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Figure 3-3. PIC32CXMTSH-DB Connectors, Button and Jumpers Overview
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3.2.2.1 Connectors
The PIC32CXMTSH-DB board includes the following connectors:

1. Neutral Connector (for an AC grid), J1.
Table 3-1. Neutral Connector (for an AC grid), J1

Pin Signal Name Description

1 N Neutral (VN in PCB)

2 N Neutral (VN in PCB)

2. Line Voltage Connector (for an AC grid), J2.
Table 3-2. Line Voltage Connector (for an AC grid), J2

Pin Signal Name Description

1 L1 Line 1 (V1 in PCB)

2 L2 Line 2 (V2 in PCB)

3. DC Input Connector, J3.
Table 3-3. DC Input Connector, J3

Pin Signal Name Description

1 12V_IN DC Input voltage (+12V)

2 GND Ground

3 — —

 EV84M21A
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4. Current Sensor Input 1 Connector (for Line 1 voltage), J10.
Table 3-4. Current Sensor Input 1 Connector, J10

Pin Signal Name Description

1 IN1 Current channel 1, negative input

2 IP1 Current channel 1, positive input

5. Current Sensor Input 2 Connector (for Line 2 voltage), J11.
Table 3-5. Current Sensor Input 2 Connector, J11

Pin Signal Name Description

1 IN2 Current channel 2, negative input

2 IP2 Current channel 2, positive input

6. Micro-B Female USB Connector, J12.
Table 3-6. USB Device Connector, J12

Pin Signal Name Description

0 EARTH Shield

1 VUSB 5V power

2 D- Data Minus

3 D+ Data Plus

4 ID On the Go Identification

5 GND_ISO Isolated Reference

7. Isolated Pulse Outputs Connectors, J13 and J14.
Table 3-7. Isolated Pulse Outputs Connector, J13

Pin Signal Name Description

1 CF1- Negative isolated pulse

2 CF1+ Positive isolated pulse

Table 3-8. Isolated Pulse Outputs Connector, J14

Pin Signal Name Description

1 CF2- Negative isolated pulse

2 CF2+ Positive isolated pulse

8. JTAG/SWD 10-pin Dual Row Connector for PIC32CXMTSH, J17.
Table 3-9. SWD Connector, J17

Pin Mnemonic Description

1 VCC

This is the target reference voltage. It is used to check if the target has
power, to create the logic-level reference for the input comparators, and to
control the output logic levels to the target. It is normally fed from VCC on the
target board and must not have a series resistor

 EV84M21A
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...........continued
Pin Mnemonic Description

2 SWDIO/TMS

Serial Wire Input Output/Test Mode Select. JTAG mode set input of target
CPU. This pin should be pulled up on the target. Output signal that
sequences the target's JTAG state machine, sampled on the rising edge of
the TCK signal

3 GND Ground

4 SWCLK/TCK Serial Wire Clock/Test Clock. JTAG clock signal to target CPU (output timing
signal, for synchronizing test logic and control register access)

5 GND Ground

6 SWO/TDO Serial Wire Output / Test Asynchronous Data Out from target CPU

7 KEY —

8 NC/TDI
Not Connected/Test Data Input. JTAG data input of target CPU (serial data
output line, sampled on the rising edge of the TCK signal). It is recommended
that this pin is pulled to a defined state on the target board

9 GND Detect Ground

10 nRESET

JTAG Reset (active-low output signal that resets the target). Output from the
JTAG debug probe to the Reset signal on the target JTAG port. This pin is
normally pulled HIGH on the target to avoid unintentional resets when there
is no connection

9. Xplained PRO Power Header, J19.
Table 3-10. Xplained PRO Power Header, J19

Pin Mnemonic Description

1 GND Ground

2 5V External 5V input (optional)

3 3V3 Regulated 3.3V

4 5V Regulated 5V

10. Xplained PRO Extension Header, J20.
Table 3-11. Xplained PRO Extension Header, J20

Pin Mnemonic Description

1 — Test Point

2 GND Reference Ground

3 ADC+ Analog to digital converter, alternatively positive part of differential ADC

4 ADC- Analog to digital converter, alternatively negative part of differential ADC

5 GPIO1 General purpose I/O

6 GPIO2 General purpose I/O

7 PWM+ Pulse width modulation, alternatively positive part of differential PWM

8 PWM- Pulse width modulation, alternatively negative part of differential PWM

9 IRQ/GPIO Interrupt request line and/or general purpose I/O

 EV84M21A
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...........continued
Pin Mnemonic Description

10 SS/GPIO Serial select for SPI and/or general purpose I/O

11 TWD I2C Data

12 TWCK I2C Clock

13 RXD UART Receiver

14 TXD UART Transmitter

15 SS SPI Chip Select

16 MOSI SPI Host Output Client Input

17 MISO SPI Host Input Client Output

18 SCK SPI Clock

19 GND Reference Ground

20 VCC 3.3V power for extension board

11. mikroBUS add-on Board Connector, J21.
Table 3-12. mikroBUS Connector, J21

Pin Mnemonic Description

1 AN Analog Input

2 RST Reset

3 CS SPI Chip Select

4 SCK SPI Clock

5 MISO SPI Host Input Client Output

6 MOSI SPI Host Output Client Input

7 +3V3 VCC: 3.3V power

8 GND Reference Ground

9 GND Reference Ground

10 +5V VCC: 5V power

11 SDA I2C Data

12 SCL I2C Clock

13 TX UART Transmit

14 RX UART Receive

15 INT Hardware Interrupt

16 PWM PWM

 EV84M21A
PIC32CXMTSH-DB Board

© 2020-2022 Microchip Technology Inc.
and its subsidiaries

 User Guide DS50003024C-page 13



3.2.2.2 Jumper Configuration
The following table describes the functionality of the jumpers.
Table 3-13. Jumper Configuration

Jumper Label Default Setting Function

J4 3V3 Closed 3.3V current measurement

J5 5V Closed 5V current measurement

J6 SHDN Open To enable 3.3V and 5V converters despite SHDN
command

J7 BACK-UP Closed 3V3_BACK-UP current measurement

J8 VDDOUT Closed VDDOUT current measurement

J9 VREFP Selection Closed

VREFP selection between internal or external
voltage reference.

• Opened = Internal voltage reference1

• Closed = External voltage reference

J15 ERASE Open Erase pin configuration

Note: 
1.

WARNING
If the ADC is configured (via SW) to use the internal voltage regulator as positive reference
(VREFP), the jumper must be removed to avoid a short circuit.

3.2.2.3 Test Points
Several Test Points are available to provide test measurement capabilities to some of the nets in the board. A list of
accessible Test Points is described below:

Table 3-14. Test Point Probes

Reference Function

TP2 Line 1

TP4 +12V

TP5 Neutral

TP6 GND

TP9 +3V3

TP10 +5V

TP12 3V3 Back-Up (next to coin battery)

TP13 GND

Table 3-15. Test Point Pads

Reference Function Reference Function

TP1 +12V TP29 IP1

TP3 Flyback Converter Output TP30 IP2

TP7 +3V3 TP31 GND

 EV84M21A
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...........continued
Reference Function Reference Function

TP8 +5V TP32 GND

TP11 Coin Cell Battery TP33 IN1

TP14 VDD3V3 TP34 IN2

TP15 VDDLCD TP35 Isolated UART TX

TP16 VREFP TP36 Isolated UART RX

TP17 VDDOUT TP37 GND

TP18 VDDPLL TP38 Opto-Isolated UART RX

TP19 3V3 Back-up TP39 LED VISIBLE

TP20 VDDA TP40 Opto-Isolated UART TX

TP21 VREF_AFE TP41 LED IR

TP22 VDDIN_AFE TP42 ERASE

TP23 VP1 before RC Filter TP43 NRST

TP24 VP1 TP44 FWUP

TP25 GND TP45 Xplained PRO, pin 1

TP26 VP2 before RC Filter TP46 Tamper

TP27 VP2 TP47 Scroll Up

TP28 GND TP48 Scroll Down

3.3 Hardware Description - System

3.3.1 PIC32CXMTSH
The Microchip PIC32CXMTSH provides a system-on-chip solution for residential single- and dual-phase metering
applications. The device offers up to class 0.2 metrology accuracy over a dynamic range of 3000:1 within the
industrial temperature range and is compliant with ANSI C12.20-2002 and IEC 62053-22 standards.

The PIC32CXMTSH is a seamless extension of the Microchip PIC32CX. It belongs to a family of microcontrollers
and solutions for smart grid security and communication applications. This metrology-enabled family offers an
unprecedented level of integration and flexibility around dual 32-bit Arm Cortex-M4F processors running at a
maximum speed of 200 MHz for the Application core, and up to 240 MHz for the Metrology core. It includes up
to 2 Mbytes of embedded Flash, 512 Kbytes of embedded SRAM for the application, on-chip cache (16 Kb for
instruction and 8 Kb for data) and 48 Kbytes of embedded SRAM for the metrology code/data.

The peripheral set includes an extensive set of embedded cryptographic features, anti-tampers, Floating Point Unit
(FPU), Memory Protection Unit (MPU), FLEXCOM peripherals supporting I2C, SPI, UART/USART interfaces, three
PWMs for pulse output functions, 12-channel general purpose 32-bit timers, 12-bit ADC, analog comparators, a
battery backed-up RTC and a segmented LCD Controller.

The PIC32CXMTSH-DB is equipped with a PIC32CX2051MTSH128 device in 128-pin EP-TQFP (14 mm x 14 mm x
1.0 mm, 0.4 mm pitch).
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Figure 3-4. PIC32CXMTSH Microcontroller Schematic
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Y1, 32.768kHz Crystal datasheet:
-Accuracy: ±20ppm
-max ESR: 70kΩ
-CLcrystal: 9pF
-Cshunt: 0.6/-1.2pF

PIC32CXMTSH datasheet:
-CLmpu: 1pF

Cpcb: 1pF (estimate)

Cext = 2x (CLcrystal - CLmpu - Cpcb/2) = 2x (9 - 1 - 0.5) = 15pF

Y2, 16.384MHz Crystal datasheet:
-Accuracy: ±20ppm
-max ESR: 60Ω
-CLcrystal: 10pF
-Cshunt: <3pF

PIC32CXMTSH datasheet:
-CLmpu: 1pF

Cpcb: 1pF (estimate)

Cext = 2x (CLcrystal - CLmpu - Cpcb/2) = 2x (10 - 1 - 0.5) = 17pF
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Figure 3-5. PIC32CXMTSH Block Diagram
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Refer to the PIC32CXMTSH Data Sheet for more information.

3.3.2 Clock Circuitry
The PIC32CXMTSH generates its necessary clocks based on a slow clock (SLCK) oscillator running at 32.768 kHz.
By default, a low-power 32.768 kHz crystal oscillator, Y1, is assembled. For more information about this crystal, refer
to the VMK3-9001-32K7680000 Data Sheet.

For evaluation purposes, the board also supports the use of a quartz crystal of 16.384 MHz, Y2, instead of using
SLCK. For more information about this crystal, refer to the VXM7-9060-16M3840000 Data Sheet.

Figure 3-6. Crystal Oscillators Schematic
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Y1, 32.768kHz Crystal datasheet:
-Accuracy: ±20ppm
-max ESR: 70kΩ
-CLcrystal: 9pF
-Cshunt: 0.6/-1.2pF

PIC32CXMTSH datasheet:
-CLmpu: 1pF

Cpcb: 1pF (estimate)

Cext = 2x (CLcrystal - CLmpu - Cpcb/2) = 2x (9 - 1 - 0.5) = 15pF

Y2, 16.384MHz Crystal datasheet:
-Accuracy: ±20ppm
-max ESR: 60Ω
-CLcrystal: 10pF
-Cshunt: <3pF

PIC32CXMTSH datasheet:
-CLmpu: 1pF

Cpcb: 1pF (estimate)

Cext = 2x (CLcrystal - CLmpu - Cpcb/2) = 2x (10 - 1 - 0.5) = 17pF

Note: To use the 16.384 MHz crystal, R25 and R26 must be soldered.
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3.3.3 Reset
Three reset sources for the PIC32CXMTSH-DB can be used:

• Power-On Reset function, embedded in the PIC32CXMTSH device
• User push button reset, SW1
• SWD/JTAG reset from an in-circuit emulator

3.3.4 Power Supply System
The PIC32CXMTSH-DB board can be powered by several power sources. The board can be supplied through:

• An AC power source (mains grid) from 90 to 264 Vac and from 47 to 63 Hz, connected to the J1 and J2
connectors

• A +12V DC power source via a 2.1 mm center-positive plug into the power jack connector of the board (J3). The
recommended rating capacity of the power adapter is 1.5A

The PIC32CXMTSH-DB board has three voltage rails:
• +12V to power the 3.3V and 5V converters
• +3.3V to power the IC devices, such as PIC32CXMTSH, SST26VF016B and some interfaces
• +5V to power the mikroBUS and Xplained PRO connectors

The 12V voltage rail is obtained from the on-board Flyback Solution when the board is connected to mains (L1 and
Neutral) or by an external +12V DC power source.
Figure 3-7. 12V Rail Design
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Attention: This demonstration kit provides a 12V 18W isolator AC/DC wall adapter with enough current
rating to supply the board and any other boards connected in several interfaces. Use the Globtek
reference provided to avoid safety and/or EMC issues.

Tip: Supplying the board via an external DC source, such as the provided 12V 18W isolator AC/DC wall
adapter, and disconnecting the voltage inputs from the mains and the Vsense connectors allows handling
of all the board (e.g., software debugging) without electrical shock risk.

The +3.3V voltage rail is obtained from the Microchip MCP16301 buck converter. For a further description about the
buck converter, see the MCP16301 High-Voltage Input Integrated Switch Step-Down Regulator Data Sheet.
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Figure 3-8. 3.3V Buck Converter Design
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Note: See DS51978 User's Guide for more information about 3V3 converter.

There are two test points, TP7 and TP9, and one LED, D8, on the voltage rail to check whether the power supply is
connected. The jumper, J4, allows measuring the current on the 3.3V rail.

The +5V voltage rail is obtained from the buck converter. Another LED, D9, and two test points, TP8 and TP10, are
connected to the voltage rail to check whether power supply is connected. The jumper, J5, allows measuring the
current on the 5V rail.

Figure 3-9. 5V Buck Converter Design
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The processor manages the SHDN signal to shut down both buck converters and makes the processor enter Backup
mode and the board enter a Power-Down mode. The SHDN signal controls the ENABLE signal of converters through
a simple scheme with a FET (Field Effect Transistor). The SHDN signal can be disabled when the shunt JP3 is
placed in J6; then, converters are always enabled. Note that using the SHDN pin when entering the backup mode is
optional. See the Power Supply and Power Control section of the PIC32CXMTSH Data Sheet.

A 3V coin battery holder, BT1, is included to insert a CR2032 battery to supply VBAT voltage. It allows the
microcontroller to be supplied even if a Brown-Out event occurs. The system is able to detect this event (see
the Power Supply Monitor schematic below) and the embedded firmware may then switch to a Low-power mode to
consume the lowest-possible amount of energy. While in Back-up mode, the board can be woken up by action on the
SW2 button (Force Wake-Up) or SW3 button (Tamper), which signals the MCU to resume operations.

See the Power Supply and Power Control section of the PIC32CXMTSH Data Sheet for further descriptions about
Backup mode and possible other wake-up sources.
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Figure 3-10. 3.3V Back-Up Design and Power Supply Monitor
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The jumper, J7, allows measuring the current on the back-up rail.

Attention: The CR2032 coin battery is not provided with the kit.

3.3.5 Analog Front End Signals
The board includes connectors for all the metrology inputs (currents and voltages) as well as the input networks
needed to protect, adapt the levels and filter the signals before connecting them to the A/D converter inputs.

3.3.5.1 Input Connectors for Metrology
The nodes IPx, INx, Vx and VN are tied to 7.62 mm pitch connectors. Cables from 12 AWG type down to 30 AWG
type can be connected into them. The connection matrix is:

• Line Voltage V1: Connected to Pin 1 of connector J2
• Line Voltage V2: Connected to Pin 2 of connector J2
• Line Voltage VN: Connected to Pins 1 and/or 2 of connector J1
• External Current Sensor on V1: Connected to Pins 1 and 2 of connector J10
• External Current Sensor on V2 or VN: Connected to Pins 1 and 2 of connector J11

3.3.5.2 Live Voltage Sense Inputs
Live voltages are connected to two positions in the same connector (J2). These lines are connected to the inputs of
the A/D converter through a resistor divider with a ratio of 0.6057V/1000V. The TCR of the resistors is 25 ppm/ºC.

The two inputs (L1 and L2) have the same resistor divider schematic and layout. The metering ground reference,
GND, is connected to the Line Voltage input VN.

Important: The resistors installed by default in the divider (ratio of 0.6057V/1000V) allow a maximum
input voltage of 291 Vrms. It is recommended that the divider ratio be reduced to be able to measure
higher input voltage values. Also, take into account the AC power supply input range (from 90 to 264 Vac
and from 47 to 63 Hz). If this range is not accomplished, removing the AC power supply (U1) is required to
not damage it.
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Figure 3-11. Lines Voltage Sense Schematic
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An anti-aliasing filter is required for band-limiting the input signals. Typically, a single-pole RC filter is sufficient for
metrology applications. The filter is tuned with the following component values:

• R34 and R46: 4.42 kΩ, 1%, 25 ppm/ºC
• C55 and C58: 1600 pF NP0/COG

Some test points close to the resistor dividers allow monitoring the input voltage value at the A/D converter inputs:
• TP23: VP1 before RC filter input measuring referring to GND
• TP24: VP1 input measuring referring to GND
• TP26: VP2 before RC filter input measuring referring to GND
• TP27: VP2 input measuring referring to GND

Figure 3-12. VP1 and VP2 Test Points

3.3.5.3 Current Sensor Inputs
The PIC32CXMTSH-DB is compatible with various types of current sensors. It is possible to use an arbitrary
combination of the following current sensors, subject to input voltage specifications:

• Current Transformers (CT)
• Shunt Resistors
• Rogowski Coils

WARNING
A shunt resistor must be placed in series with the line to be measured, then connected to the
measurement inputs. The demonstration board is referred to neutral; therefore, a shunt resistor can only
be used in neutral line. Using a shunt resistor to measure currents in lines 1 or 2 will damage the board,
and it is dangerous for the user.
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Attention: Note that this kit does not include any CT, Rogowski coils or Shunt current sensors.

Each current sensor (CT, Shunt or Rogowski Coil) must be connected to two positions of the same connector. The
current input lines are distributed to an A/D converter through a configurable filter whose function is to adapt the
chosen current sensor. Both inputs have the same filter configuration and layout. Their ground reference is GND.

Important:  By default, the PIC32CXMTSH-DB board is configured to host a current transformer. The
board is populated with resistors R63, R65, R67 and R69 of 1.62Ω to fit a standard 200A CT with 1:2000
turn ratio. Using default installed burden resistors of 3.24Ω (2 × 1.62Ω), a 2000:1 CT ratio will allow a max
of 240A. (240 Arms × √2 × 3.24Ω/2000 = 0.55 Vpk).

Figure 3-13. IPx and INx Current Sense Schematic
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Some test points close to the A/D converter inputs allow monitoring the input voltage value at the A/D converter
inputs corresponding to the current:

• TP29: IP1 input measurement referring to GND
• TP33: IN1 input measurement referring to GND
• TP30: IP2 input measurement referring to GND
• TP34: IN2 input measurement referring to GND

Figure 3-14. IPx and INx Test Points

3.3.5.3.1 Current Sensor Inputs Configuration when Using Current Transformer
Current transformers (CTs) provide a simple and yet accurate means to sense the current flow in power conductors.

The external load applied to the secondary of a CT is called the burden (or load). Default burden resistors RA1/RA2
connected to the CT are each 1.62Ω (1%) for a total burden resistance of 3.24Ω. As an example, when used with
a 2000:1 ratio CT, a 240 Arms primary current would develop the max input voltage of 0.55 Vpk (240 Arms × √2 ×
3.24Ω/2000 = 0.55 Vpk).

Attention: This burden resistor is sometimes integrated inside the Current Transformer.
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WARNING
An open circuit in a CT can cause a dangerous overvoltage at the secondary terminals of the CT. Ensure
that the burden resistor is connected (or integrated inside the CT), and do not remove the protective
diodes D12, D13, D14 and D15.

Figure 3-15. IPx and INx Current Sense Schematic when Using CT
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An anti-aliasing filter is required for band-limiting the input signals. Typically, a single-pole RC filter is sufficient for
metrology applications. For CT operation, the filter must be tuned with the following component values:

• RA1, RA2 = 1.62Ω, 1%, 25 ppm/ºC
• RB1, RB2 = 0Ω
• RC1, RC2 = 3 kΩ, 1%, 25 ppm/ºC
• CA1, CA2 = 47 pF Y7R
• CB1, CB2 = Do Not Populate
• CC1, CC2 = 3.3 nF NP0/COG
• D1, D2 = Si Junction diodes

3.3.5.3.2 Current Sensor Inputs Configuration when Using Shunt
The Shunt Resistor technique uses a small (shunt) resistor placed in the path of the load current. When the load
current flows through this resistance, a small voltage drop is developed across it. This voltage drop is measured by
an input of the AFE, which converts it into the corresponding current consumption.

Figure 3-16. IPx and INx Current Sense Schematic when Using Shunt

470RFB1

470RFB2

12
3

D1 1.62R
1%

RA1

1.62R
1%

RA2

47pF Y7R
CA1

47pF Y7R
CA2

0R

RB1

0R

RB2

3k
1%

RC1

3k
1%

RC2

Place close to connector Place close to AFE

GND

2
1

J1

INx

IPx

1 2
3

D2

3.3nF
CC1

3.3nF
CC2

22200pF
CB1

22200pF
CB2

DNP

DNP

DNP

DNP

25 ppm/ºC

25 ppm/ºC

NP0/COG

NP0/COG

 EV84M21A
PIC32CXMTSH-DB Board

© 2020-2022 Microchip Technology Inc.
and its subsidiaries

 User Guide DS50003024C-page 23



WARNING
A shunt resistor must be placed in series with the line to be measured, then connected to the
measurement inputs. The demonstration board is referred to neutral; therefore, a shunt resistor can only
be used in neutral line. Using a shunt resistor to measure currents in lines 1 or 2 will damage the board,
and it is dangerous for the user.

For Shunt operation, the input network must only provide a first-order low-pass filter. The filter must be tuned with the
following component values:

• RA1, RA2 = Do Not Populate
• RB1, RB2 = 0Ω
• RC1, RC2 = 3 kΩ, 1%, 25 ppm/ºC
• CA1, CA2 = 47 pF Y7R
• CB1, CB2 = Do Not Populate
• CC1, CC2 = 3.3 nF NP0/COG
• D1, D2 = Si Junction diodes (recommended)

3.3.5.3.3 Current Sensor Inputs Configuration when Using Rogowski Coil
The Rogowski Coil is a sensor used for the measurement of the current. This class of coils achieves very
good results even for currents with a large variation range. However, they generate an output signal in the time-
differentiated form. In this case, an integrator function (available in the Microchip metrology library running in Core 1)
must be added to get the corresponding current value.

Figure 3-17. IPx and INx Current Sense Schematic when Using Rogowski Coil
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When using Rogowski coils for current sensing, a two pole anti-aliasing filter must be mounted. The filter must be
tuned with the following component values:

• RA1, RA2 = Do Not Populate
• RB1, RB2 = 100Ω, 1%, 25 ppm/ºC
• RC1, RC2 = 3 kΩ, 1%, 25 ppm/ºC
• CA1, CA2 = 47 pF Y7R
• CB1, CB2 = 2.2 nF NP0/COG
• CC1, CC2 = 3.3 nF NP0/COG
• D1, D2 = Si Junction diodes (recommended)
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3.4 Hardware Description - Interface and Peripherals

3.4.1 Isolated UART to USB Interface
The PIC32CXMTSH-DB features an isolated UART-to-USB bridge by means of a micro-USB type B connector (J12).
This MCP2200 device is used to convert the UART signal to USB levels to ease PC connectivity (USB 2.0, full
speed) for debugging purposes or to communicate with the application. For more information, refer to the MCP2200
Data Sheet.

Important: For the proper function of the MCP2200, an initial configuration was achieved for this board
design: Enable TX/RX LEDs and invert UART polarity (UPOL). MCP2200 was configured using the
configuration utility tool or the DLL provided in the MCP2200 webpage. No further action by the user is
required.

There are two blue LEDs that show the USB activity (D16 shows RX messages and D18 shows TX messages).

A high-speed optocoupler provides the isolation between the board connected to mains and the USB host.
Figure 3-18. Debug UART over USB Circuit
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Tip: The drivers necessary to download depending on your Operating System are located here: MCP2221
Windows Driver.

3.4.2 Metrology Pulses Outputs and UART Opto-Port Interface
The PIC32CXMTSH-DB board integrates several measurement points for the pulse outputs (PD17, PD18 and PD19)
available with the PIC32CXMTSH device. The methods for pulse measurements are:

• Isolated Pulse Outputs: Wh, VARh and A2h pulses can be measured (with isolation) on J13 or J14 connectors in
Differential mode. They are isolated from mains.

• Opto-Port Pulse Outputs: a red LED (D20) and an infrared LED (LD2) allow measurement of the Wh, VARh and
A2h pulses by means of switching a slide switch (S1 or S2 depending on the LED).

• Non-Isolated Pulse Outputs: the test points TP39 and TP41 allow measurement of the pulses directly (not
isolated) in Single-ended mode.
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Figure 3-19. Metrology Pulse Output Interfaces Schematic
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The PIC32CXMTSH-DB board features a UART Opto-port interface, made up of an infrared emitting diode and a
phototransistor, to communicate with external devices during handheld AMR (Automatic Meter Reading).
Figure 3-20. UART through Opto-Port Interface Schematic
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3.4.3 QSPI Flash Memory
The PIC32CXMTSH-DB board features one Quad Serial Peripheral Interface (QSPI) 16-Mbit Flash memory
SST26VF016B, U10. The SST26VF016B SQI Flash device utilizes a 4-bit multiplexed I/O serial interface to boost
performance at low power while maintaining full command-set compatibility to traditional Serial Peripheral Interface
(SPI) protocols. For more information about SST26VF016B, refer to the SST26VF016B product webpage.

The QSPI bus is a synchronous serial data link that provides communication with external devices in Host mode.
The QSPI can be used in SPI mode to interface with serial peripherals (such as ADCs, DACs, LCD controllers, CAN
controllers and sensors) or in Serial Memory mode to interface with serial Flash memories. With the support of the
Quad SPI protocol, the QSPI allows the system to use high-performance serial Flash memories, which are small and
inexpensive, instead of larger and more expensive parallel Flash memories.
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Figure 3-21. QSPI Flash Memory Schematic
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3.4.4 LCD Display
The PIC32CXMTSH-DB integrates an LCD customized for the smart metering application field. This LCD is driven
directly by the PIC32CXMTSH generating the driving signals for the 8 common lines and the 20 segments. The LCD
layout and its relative pinout are described below:

Figure 3-22. LCD Layout

Figure 3-23. LCD Schematic
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Table 3-16. LCD Pinout

Pin No Pin Name PIO Pin No Pin Name PIO

1 Segment 0 PB24 15 COM1 PA21

2 Segment 1 PB23 16 COM2 PA22

3 Segment 2 PB20 17 COM3 PA23

4 Segment 3 PB17 18 COM4 PA24

5 Segment 4 PB15 19 COM5 PA25

6 Segment 5 PB13 20 COM6 PA26

7 Segment 6 PB11 21 COM7 PA27

8 Segment 7 PB9 22 COM8 PA28

9 Segment 8 PB8 23 Segment 14 PB10

10 Segment 9 PB7 24 Segment 15 PB12

11 Segment 10 PB6 25 Segment 16 PB14

12 Segment 11 PB5 26 Segment 17 PB16

13 Segment 12 PB4 27 Segment 18 PB18

14 Segment 13 PB3 28 Segment 19 PB22

Table 3-17. LCD Pinout vs Segment

PIN COM1 COM3 COM3 COM4 COM5 COM6 COM7 COM8

1 15A 15B 15F 15G 15C 15E 15D P8

2 14A 14B 14F 14G 14C 14E 14D P7

3 13A 13B 13F 13G 13C 13E 13D P6

4 12A 12B 12F 12G 12C 12E 12D P5

5 11A 11B 11F 11G 11C 11E 11D —

6 10A 10B 10F 10G 10C 10E 10D P4

7 9A 9B 9F 9G 9C 9E 9D —

8 P2 6D 6C 6E 6G 6B 6F 6A

9 P3 7D 7C 7E 7G 7B 7F 7A

10 P9 8D 8C 8E 8G 8B 8F 8A

11 P10 P11 P12 P13 P15 P16 P17 —

12 8 7 6 5 4 3 2 1

13 P18 9 11 10 11’ 12 13 14

14 P30 P31 P32 P33 P20 P19 P21 P22

15 COM1 — — — — — — —

16 — COM2 — — — — — —

17 — — COM3 — — — — —

18 — — — COM4 — — — —
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...........continued
PIN COM1 COM3 COM3 COM4 COM5 COM6 COM7 COM8

19 — — — — COM5 — — —

20 — — — — — COM6 — —

21 — — — — — — COM7 —

22 — — — — — — — COM8

23 — — P29 P28 P26 P25 P24 P23

24 P1 5D 5C 5E 5G 5B 5F 5A

25 COL2 4D 4C 4E 4G 4B 4F 4A

26 — 3D 3C 3E 3G 3B 3F 3A

27 COL1 2D 2C 2E 2G 2B 2F 2A

28 — 1D 1C 1E 1G 1B 1F 1A

3.4.5 Chip Erase
The 1x2 pin-header J15 labelled as “ERASE” is connected to the PIC32CXMTSH erase pin (PB2) and 3.3V. This
header can be used to reinitialize the Flash content (and some of its NVM bits) to an erased state (all bits read as
logic level 1) by placing a shunt (JP7) on the header, powering down and powering up the board. After a while, it is
recommended that the ERASE jumper be removed. Refer to the PIC32CXMTSH Data Sheet for more information.
Figure 3-24. Erase Pin Schematic

1 2

HDR-2.54 Male 1x2
J15

JP73V3
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ERASE

Procedure for PIC32CXMTSH Flash memory erase:
1) Place jumper in ERASE header
2) Power off the board
3) Power on the board
4) Remove jumper

The ERASE pin has an internal pull-down if
not configured as GPIO in the user application.

The ERASE status can be monitored through the TP42 test point.

3.4.6 User Buttons
The PIC32CXMTSH-DB board is equipped with five user buttons. The push buttons consist of momentary push
button switches mounted directly on the board. When any switch is depressed, it will cause low (zero) to appear at
the associated input pin.

• Reset. Besides the reset conditions managed by the Reset Controller peripheral of the PIC32CXMTSH, such as
Power-on Reset and brown-out monitor, a user can manually reset the PIC32CXMTSH by using the Reset push
button, SW1.

• Force Wake-Up. Wake up from Backup mode can be done through the Force Wake-up (FWUP) pin by pushing
the push button SW2.

• Tamper. Tamper button SW3 allows simulating a tampering event. This pin can also be used as a wake-up
function.

• Scroll-Up and Scroll-Down. Scroll-Up and Scroll-Down buttons SW4 and SW5 are used in the pre-programmed
Demo Meter application to navigate through the menu.
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Figure 3-25. Buttons Schematic
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3.4.7 JTAG/SWD Interface
The PIC32CXMTSH-DB board includes a SWD (Serial Wire Debug)/JTAG interface port to provide debug level
access to the system-on-chip. It also embeds a serial wire trace. This connector provides the required interface
for in-circuit emulators, such as the Microchip J-32 Debug Probe, J-Link Debug Probe, MPLAB® PICKitTM 4 or the
MPLAB® ICD 4 (the Debugger Adapter Board is necessary for the MPLAB In-Circuit Debuggers) supporting the
connected PIC32CXMTSH device. The SW-DP/JTAG port is a 10-pin, dual-row, 0.05-inch male connector (J17). To
use an in-circuit emulator with 20-pin JTAG port, the JTAG adapter for 20 to 10 pins included in the kit may be
required.

Refer to the PIC32CXMTSH Data Sheet for a further description of the SWD debug port.
Figure 3-26. SWD Connection Schematic
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WARNING
The board is not isolated from mains, so it is very important to provide proper isolation when using the
SWD interface with an external probe. See the next paragraph for more information.
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In-circuit emulator connection scheme:
• Through a USB Isolator when the PIC32CXMTSH-DB is powered directly from mains (see Figure 3-27) and/or

Vsense inputs are connected.
• Directly to the SWD connector when the PIC32CXMTSH-DB is powered through an AC/DC Wall Adapter (see

Figure 3-28) and Vsense inputs are not connected. The entire board is isolated from mains.

Figure 3-27. J-32 Debug Probe Connection Scheme (Mains Source)

Figure 3-28. J-32 Debug Probe Connection Scheme (ACDC Wall Adapter Source)

Attention: Note that neither the in-circuit emulator nor the USB isolator are included in the
PIC32CXMTSH-DB kit.
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3.4.8 Xplained PRO Extension Header
The PIC32CXMTSH-DB hosts a dual-row, 20-pin male connector (J20) to interface with standard Xplained PRO
extension boards. The Xplained PRO connector is Microchip’s proprietary interface port intended to connect different
evaluation platforms from AVR and Arm microcontrollers. Refer to Table 3-11 for more information about the
connector.

The power header, J19, can be used as supply for extension boards. Refer to Table 3-10 for more information about
the connector.

Figure 3-29. Xplained PRO Headers Schematic
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34
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J19

1k
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1%
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1k
0402
1%

R115

3V33V3

Please note that R120 and R134 are 
assembled and therefore the pin PD16 
is shared in both Xplained PRO and 
mikroBUS interfaces.

Table 3-18. Xplained PRO Extension Header Pin Assignment

Pin No Signal PIO Pin No Signal PIO

1 — — 2 GND GND

3 ADC+ PA30 4 ADC- PB1

5 GPIO1 PA18 6 GPIO2 PA20

7 PWM+ PD3 8 PWM- PD16

9 IRQ/GPIO PA3 10 SS/GPIO PA2

11 TWD PA16 12 TWCK PA17

13 RXD PA13 14 TXD PA12

15 SS PA11 16 MOSI PA8

17 MISO PA9 18 SCK PA10

19 GND GND 20 VCC 3V3

WARNING
The Xplained PRO connector is not isolated from mains.

The Xplained PRO connector allows the connection of a wide range of modules. Typically, electricity meters require
communications capabilities, which could be added by connecting RF or PLC modules, such as the ATREB215-
XPRO or PL460-EK kits from Microchip.
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3.4.9 mikroBUS Socket
The PIC32CXMTSH-DB hosts a mikroBUS socket (J21). The mikroBUS standard defines the main board sockets
and add-on boards used for interfacing the microprocessor with integrated modules featuring a proprietary pin
configuration. For details, refer to the mikroBUS documentation on standard specification.
Figure 3-30. mikroBUS Interface Schematic
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PWM
INT
RX
TX
SCL
SDA
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MIKROE-4247

J21
Please note that R120 and R134 are 
assembled and therefore the pin PD16 
is shared in both Xplained PRO and 
mikroBUS interfaces.

Table 3-19. mikroBUS Connector Pin Assignment

Pin No Signal PIO Pin No Signal PIO

1 AN PA31 16 PWM PD16

2 RST PB26 15 INT PB25

3 CS PC6 14 RX PC17

4 SCK PC7 13 TX PC16

5 MISO PC8 12 SCL PC20

6 MOSI PC9 11 SDA PC21

7 +3.3V 3V3 10 +5V 5V

8 GND GND 9 GND GND

Important: R120 and R134 are assembled, and, therefore, the pin PD16 is shared in both Xplained PRO
and mikroBUS interfaces.

WARNING
The mikroBUS connector is not isolated from mains.

The mikroBUS connector allows for the connection of a wide range of modules for communications, sensoring or
power management applications out of the main scope for this board.
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4. Ordering Information
Table 4-1. Demo Board Ordering Information

Ordering Code Board Marking

EV84M21A PIC32CXMTSH-DB
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5. Appendix. Schematics and Layouts

5.1 PIC32CXMTSH-DB Schematics
This section contains the following schematics for the PIC32CXMTSH-DB board:

• Block Diagram Schematic, Figure 5-1
• Power Supply Schematic, Figure 5-2
• PIC32CXMTSH Schematic, Figure 5-3
• Metrology AFE Schematic, Figure 5-4
• Debug Port Schematic, Figure 5-5
• Opto-Ports Schematic, Figure 5-6
• Interface and Peripherals PIC32CXMTSH Schematic, Figure 5-7
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Figure 5-1. Block Diagram Schematic
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Figure 5-2. Power Supply Schematic

27
5V

D
IS

C
 1

4m
m

M
O

V
1

0R 12
06

R
3

0R 12
06

R
1

56
0u

H
L

1

56
0u

H
L

2

0.
1u

F
30

5V
A

C
P

15
L

18
W

5H
10

.5

C
1

T
P 

PA
D

 P
C

B
 1

.6
x1

T
P

2

T
P 

PA
D

 P
C

B
 1

.6
x1

T
P

5

231

P
O

W
E

R
 2

.0
m

m

J3

T
P

8

0.
1u

F
25

V
04

02

C
6

47
0R

F
B

2

22
0u

F
25

V
D

8

C
2

10
uF

25
V

12
06

C
3

0.
1u

F
25

V
04

02

C
4

30
0R

R
10

T
P

1 2.
2k

04
02

5%R
2

G
N

D

G
N

D

0.
1u

F
10

V
06

03

C
21

G
N

D

P
ow

er
 S

up
pl

y

12
V

_I
N

3V
3

T
P

10

T
P

12

3

1

2

2N
70

02
W

Q
2

L
1

N

G
N

D

12
V

G
N

D

47
0R

F
B

1

G
N

D

12
V

 F
ly

b
ac

k 
C

on
ve

rt
er

12
V

G
N

D

G
N

D

G
N

D
G

N
D

1
2

J5

G
N

D
G

N
D

JP
2

G
N

D

T
P

7

47
0R

F
B

3

5V

T
P

9

3

1

2

2N
70

02
W

Q
1

3

1

2

2N
70

02
W

Q
3

10
k

04
02 1%R
13

G
N

D

S
H

D
N

12
V

G
N

D

G
N

D

G
N

D
G

N
D

1
2

J4

G
N

D
G

N
D

JP
1

G
N

D

B
ac

k-
U

p 
3V

3

T
P

4

T
P

6

T
P

3

3V
3_

B
A

C
K

-U
P

0R 06
03

R
19

3V
3

0R 06
03

R
17

M
B

R
05

20

D
1

56
0R

04
02 5%R
12

C
R

20
32

B
A

T
1

B
A

T
54

H
T

1G

D
11

B
A

T
54

H
T

1G

D
10

10
k

04
02

1%R
21

1k 04
02

1%R
20

G
N

D

12
V

V
ol

ta
ge

 M
on

it
or

S
up

pl
y 

M
on

ito
r

30
k

04
02

1%R
18

1 2

J6 JP
3

E
N

JP
4

1
2

J7

31
.6

k
04

02
1%R

9

10
k

04
02

1%R
16

10
uF

10
V

08
05

C
13

10
uF

10
V

08
05

C
14

15
uH

L
3

B
14

0-
13

-F
D

6

B
O
O
ST

1

G
N
D 2

V
FB

3
EN

4

SW
6

V
IN

5

M
C

P1
63

01
T

-I
/C

H
Y

U
3

10
uF

10
V

08
05

C
16

10
uF

10
V

08
05

C
17

1N
44

48
D

5

10
uF

50
V

12
10

C
10

10
uF

50
V

12
10

C
11

T
P

13

G
N

D
G

N
D

1M 04
02

5%R
6

1M 04
02

5%R
5

0.
1u

F
10

V
04

02

C
9

0.
1u

F
10

V
04

02

C
19

0R 06
03

R
7

0R 06
03

R
8

10
0u

F
25

V
A

L
-D

8

C
5

3V
3@

0.
6A

 B
uc

k 
C

on
ve

rt
er

(5
00

kH
z)

5V
@

1.
5A

 B
uc

k 
C

on
ve

rt
er

(1
.4

M
H

z)

S
S

24
F

L
D

7

49
.9

K
04

02
1%R

11

9.
53

k
04

02
1%R

15

4.
7u

H

L
4

4A

P
5.

08
L

8.
35

W
4H

7.
7

F
1

G
R

E
E

N
D

4

G
R

E
E

N
D

9
G

R
E

E
N

D
8

T
P

11

G
N

D

E
N

S
H

D
N

3.
3V 0V

C
on

ve
rt

er

O
N

O
FF

F
or

ce
 C

on
ve

rt
er

s 
O

N

L
1_

F

47
0p

F
50

V
04

02

C
22

13
0k

04
02

5%R
4

47
k

04
02

5%R
14

B
O
O
ST

1

G
N
D 2

V
FB

3
EN

4

SW
6

V
IN

5

A
P3

21
1K

T
R

-G
1

U
4

V
A
C
/N

2

N
C

1

V
O
U
T-

5

N
C

4

V
A
C
/L

3
V
O
U
T+

6

R
A

C
04

-1
2S

K
/2

77

U
2

A
ux

ili
ar

 D
C

 in
p

u
t 

(1
2V

D
C

)

2.
2u

F
6.

3V
06

03

C
20

10
00

0p
F

16
V

04
02

C
12

L
2

27
5V

D
IS

C
 1

4m
m

M
O

V
2

4A

P
5.

08
L

8.
35

W
4H

7.
7

F
2

L
2_

F

1 2+ -

H
O

L
D

E
R

 1
xC

R
20

32
B

T
1

4.
7u

F
50

V
12

10

C
7

4.
7u

F
50

V
12

10

C
8

A
C
/N

6

A
C
/L

5
V
+

2

V
-

3

N
C

1

N
C

4

N
C

7

T
M

L
M

 0
41

12

U
1

1u
F

10
V

06
03

C
15

1u
F

10
V

06
03

C
18

S
M

B
J1

2A
E

3
D

3

S
M

B
J1

2A
E

3
D

2

N
ot

e:
 S

ee
 D

S
51

97
8 

U
se

r's
 G

ui
de

 f
or

 m
or

e 
in

fo
rm

at
io

n 
ab

ou
t 3

V
3 

co
nv

er
te

r.

V
se

ns
e 

=
 1

2V
 1

0K
 / 

(3
0K

+
10

K
) 

=
 3

V

 EV84M21A
Appendix. Schematics and Layouts

© 2020-2022 Microchip Technology Inc.
and its subsidiaries

 User Guide DS50003024C-page 37



Figure 5-3. PIC32CXMTSH Schematic
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Figure 5-4. Metrology AFE Schematic
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Figure 5-5. Debug Port Schematic
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Figure 5-6. Opto-Ports Schematic
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Figure 5-7. Interface and Peripherals PIC32CXMTSH Schematic
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5.2 PIC32CXMTSH-DB Layout
This section contains the layout graphics for the PIC32CXMTSH-DB board:

• Layer 1: Top Layer, Figure 5-8
• Layer 2: Mid Layer 1 (Ground), Figure 5-9
• Layer 3: Mid Layer 2 (Power Supplies), Figure 5-10
• Layer 4: Bottom Layer, Figure 5-11
• Top Components Placement, Figure 5-12
• Bottom Components Placement, Figure 5-13

Figure 5-8. PIC32CXMTSH-DB Layout: Top Layer
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Figure 5-9. PIC32CXMTSH-DB Layout: Mid Layer 1 (Ground)
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Figure 5-10. PIC32CXMTSH-DB Layout: Mid Layer 2 (Power Supplies)
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Figure 5-11. PIC32CXMTSH-DB Layout: Bottom Layer
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Figure 5-12. PIC32CXMTSH-DB Layout: Top Silkscreen
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Figure 5-13. PIC32CXMTSH-DB Layout: Bottom Silkscreen
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6. References
The following documents are recommended as supplemental reference resources:

• PIC32CXMTSH Data Sheet, reference DS60001770, on the Microchip website
• PIC32CXMTx-DB Getting Start User Guide, on the Microchip website
• Metering Demo and Developer User Guide, on the Microchip website
• VMK3/VMK4 Data Sheet, reference DS20006440, on the Microchip website
• VXM7 Data Sheet, on the Microchip website
• SMBJ5.0 thru SMBJ170A, CA, e3 and SMBG5.0 thru SMBG170A, CA, e3 Data Sheet, on the Microchip website
• MCP16301/H High-Voltage Input Integrated Switch Step-Down Regulator Data Sheet, reference DS20005004,

on the Microchip website
• MCP16301 High Voltage Buck Converter 600mA Demo Board User’s Guide, reference DS51978, on the

Microchip website
• MCP2200 Data Sheet, reference DS20002228, on the Microchip website
• SST26VF016B Data Sheet, reference DS20005262, on the Microchip website
• mikroBUS Standard specifications, 2015
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7. Revision History

7.1 Rev C - 10/2022
Document Minor updates throughout.

Added ordering code.

Update all the figures according to PIC32CXMTSH-DB Rev 2.

4.  Ordering Information Added section.

7.2 Rev B - 04/2022
Document Minor changes in the document.

Update the document according to PIC32CXMTSH-DB Rev 2.

7.3 Rev A - 08/2020
Document Initial release.
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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
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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, 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, Libero, motorBench, mTouch, Powermite 3, Precision Edge, ProASIC, ProASIC Plus,
ProASIC Plus logo, Quiet- Wire, SmartFusion, SyncWorld, Temux, TimeCesium, TimeHub, TimePictra, TimeProvider,
TrueTime, 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, GridTime, IdealBridge, In-Circuit Serial Programming, ICSP, INICnet, Intelligent Paralleling, IntelliMOS,
Inter-Chip Connectivity, JitterBlocker, Knob-on-Display, KoD, maxCrypto, maxView, memBrain, Mindi, MiWi, MPASM,
MPF, MPLAB Certified logo, MPLIB, MPLINK, MultiTRAK, NetDetach, 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, Trusted Time, 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, 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.

All other trademarks mentioned herein are property of their respective companies.
© 2020-2022, Microchip Technology Incorporated and its subsidiaries. All Rights Reserved.
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AMBA, Arm, Arm7, Arm7TDMI, Arm9, Arm11, Artisan, big.LITTLE, Cordio, CoreLink, CoreSight, Cortex, DesignStart,
DynamIQ, Jazelle, Keil, Mali, Mbed, Mbed Enabled, NEON, POP, RealView, SecurCore, Socrates, Thumb,
TrustZone, ULINK, ULINK2, ULINK-ME, ULINK-PLUS, ULINKpro, µVision, Versatile are trademarks or registered
trademarks of Arm Limited (or its subsidiaries) in the US and/or elsewhere.

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