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PIC32CX-BZ2 and WBZ45 Family Data Sheet

Introduction

The PIC32CX-BZ2 family is a general purpose, low-cost, 32-bit Microcontroller (MCU) family of devices supporting
multi-protocol wireless interfaces (Bluetooth® and Zigbee®), hardware-based security accelerator, transceiver and
Power Management Unit (PMU).

The WBZ45 Module is a series of fully RF-certified wireless modules that contain the PIC32CX-BZ2 wireless MCUs
with the following antenna options:

+ PCB Antenna

* u.FL Connector for External Antenna
In addition to the Bluetooth Low Energy (Bluetooth 5.2) and Zigbee (Zigbee 3.0) wireless protocol support, the
PIC32CX-BZ2 devices and the WBZ45 modules also support a rich set of standard MCU peripherals, such as

Analog-to-Digital Converter (ADC), Serial Peripheral Interface (SPI), Inter-Integrated Circuit (12C), Quad I/O Serial
Peripheral Interface (QSPI), Universal Asynchronous Receiver-Transmitter (UART) and Serial Wire Debug (SWD).

PIC32CX-BZ2 SoC Family Features

The following section lists the PIC32CX-BZ2 SoC related features:

Operating Conditions of MCUs

*+ 1.9V to 3.6V, -40°C to +125°C, DC to 64 MHz
— AEC Q100 Grade 1 qualified

Core: 64 MHz ARM® Cortex®-M4

- 3.35 Coremark®/MHz

+ 4 KB Combined Instruction Cache and Data Cache

» 8-Zone Memory Protection Unit (MPU)

+ Thumb®-2 Instruction Set

» Digital Signal Processing ASE Rev 2

* Nested Vector Interrupt Controller (NVIC)

* Embedded Trace Module (ETM) with Instruction Trace Stream
» Core Sight Embedded Trace Buffer (ETB)

» Trace Port Interface Unit (TPIU)

.« IEEE® 754-Compliant Floating Point Unit (FPU)

Memories

* 1 MB On-Chip Self-Programmable Flash with:
— Error Correction Code (ECC)
— Prefetch module to speed up Flash accesses
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— 20-years of data retention support
+ 32 KB NVR Flash (8 Sectors)
— Private/public boot code and data
— NV calibration data
* 128 KB Multi-Port Programmable QoS SRAM Main Memory
— 64 KB of Error Correction Code (ECC) RAM option
* Up to 4 KB of Tightly Coupled Memory (TCM)
* Up to 8 KB Backup SRAM
» Single 32-bit Backup Register

System

» Power-on Reset (POR) and Brown-out Detect (BOD)

» Internal and External Clock Options

» External Interrupt Controller (EIC)

* Up to four External Interrupts

* One Non-maskable Interrupt

» 2-pin Serial Wire Debug (SWD) Programming, Test and Debugging Interface

Supported Connectivity Standards

*  Complies with:
— Bluetooth v5.2
— |EEE 802.15.4, Zigbee 3.0
— ETSI EN 300 328 and EN 300 440 Class 2
— FCC CFR47 Part 15 and ARIB STD-T66

Power Supply

* Integrated PMU with:
— Buck (DC-DC/switching) mode; supports High Power (PWM) and Low Power (PSK) mode
— MLDO (linear) mode

* On-board 1.2V Voltage Regulator (CLDO)

» Power-on Reset (POR) and Brown-out Detect (BOD) on 3.3V and 1.2V Rails

* Run, Idle, Dream, Sleep, Deep Sleep and Extreme Deep Sleep Modes

» Sleep Walking Peripherals

»  Embedded Buck/LDO Regulator Supporting On-the-Fly (OTF) Selection

2.4 GHz RF Transceiver

* Integrated 2.4 GHz Ultra-low Power RF Transceiver shared among Bluetooth, Zigbee Modems, Link (MAC)
Controllers and Proprietary Modulation Schemes

* Integrated 16 MHz +20 ppm Crystal Oscillator (External Low Cost Crystal)
» Two PA Design Architecture (LPA (+4 dBm) and MPA (+12 dBm)) to Improve TX Power Efficiency
*  Low RBOM Two-port TRX RFFE Architecture
— Integrated balun (single-ended RF output) and TRX switch
» Hardware Radio Arbiter with Programmable QoS:
— Resolution per packet level
— Time-division coexistence between Bluetooth and 802.15.4
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Based on shared transceiver and antenna
Maintains connections of 802.15.4 and Bluetooth simultaneously

Bluetooth

* Bluetooth Low Energy 5.2 Certified
* Up to +12 dBm Programmable Transmit Output Power
» Typical Receiver Power Sensitivity:

-95 dBm for Bluetooth Low Energy 1 Mbps
-92 dBm for Bluetooth Low Energy 2 Mbps
-102 dBm for Bluetooth Low Energy 125 Kbps
-99 dBm for Bluetooth Low Energy 500 Kbps
Digital RSS! indicator (-50 dBm to -90 dBm)

» Bluetooth Supported Features:

2M uncoded PHY

Long range (Coded PHY)

Channel selection algorithm #2

Advertising extensions, offloads CPU with hardware-based scheduler
High duty cycle non-connectible advertising

Data length extensions

Secure connections

Privacy upgrades (with hardware white-list support)

+ ECDH P256 Hardware Engine for Link Key Generation when Bluetooth Pairing
» AES128 Hardware Module for Real-Time Bluetooth Payload Data Encryption

*  Preprogrammed MAC Address

» Bluetooth Qualification Test Facility (BQTF) Certification

* Bluetooth Low Energy Profiles:

Bluetooth Low Energy peripheral and central roles

Bluetooth Low Energy APIs for application layer to implement standard or customize GATT based profiles/
services

Microchip Transparent UART Service
Battery Service

Device Information Service

Custom Service

Multi-link and multi-role

» Bluetooth Low Energy Services:

Provisioning

Over-the-Air (OTA) update (also known as DFU)
Advertisement/Beacon

Personalized configuration

Alert notification service

802.15.4/Zigbee Modulation Scheme

» 802.15.4/Zigbee Physical Layer Service Unit (PSDU) Data Rate: 250 Kbps
* Programmable RX Mode

-103 dBm RX sensitivity in the Continuous mode
-98 dBm sensitivity in RPC mode

RPC mode provides lower power consumption in RX mode to support California Green Energy
Specification at the system level
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e TX Output Power up to +12 dBm
» Hardware Assisted MAC
— Auto acknowledge
— Auto retry
— Channel access back-off
*  Preprogrammed MAC Address
» SFD Detection; Spreading; De-spreading; Framing; CRC-16 Computation
* Independent TX/RX Buffers for Improved CPU Offloading While Handling Zigbee Data
— 128-byte TX and 128-byte RX frame buffer
» Hardware Security
— Advanced Encryption Standard (AES)
— True Random Number Generator (TRNG)
« Zigbee Stack Support
— Zigbee 3.0 ready
— Zigbee Pro 2017
— Zigbee green power support (proxy, sink and multi-sensor)

Proprietary

» Proprietary Data Rates: 500 Kbps, 1 Mbps and 2 Mbps
»  TX OQutput Power up to +12 dBm
* Receiver Sensitivity up to -96 dBm
» Hardware Assisted MAC
— Auto acknowledge
— Auto retry
— Channel access back-off
» SFD Detection; Spreading; De-spreading; Framing; CRC-16 Computation
* Independent TX/RX Buffers for Improved CPU Offloading While Handling Zigbee Data
— 128-byte TX and 128-byte RX frame buffer
* Hardware Security
— Advanced Encryption Standard (AES)
— True Random Number Generator (TRNG)

High Performance Peripherals

» 16-Channel Direct Memory Access Controller (DMAC)

— Built-in CRC with memory CRC generation/monitor hardware support
* One Quad I/O Serial Peripheral Interface (QSPI)

— execute-In-Place (xIP) support

— Dedicated AHB memory zone

System Peripherals

» 32-Channel Event System
— All channels can be connected to any event generator
— All channels provide a pure asynchronous path
— Twelve channels support synchronous and re-synchronous
» Four Serial Communication Interfaces (SERCOM), Each Configurable to Operate as:
— USART with full-duplex and single-wire half-duplex configuration
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— 1807816
— I2C up to 1 MHz (three SERCOMSs support |12C)
— LIN Commander/Responder
— RS485
— SPI inter-byte space
Four 16-bit Timers/Counters (TC), Each Configurable as:
— 16-bit TC with two compare/capture channels
— 8-bit TC with two compare/capture channels
— 32-bit TC with two compare/capture channels
Two 24-bit Timer/Counters for Control (TCC) with Extended Functions:
— Up to six compare channels with optional complementary output
— Generation of synchronized Pulse Width Modulation (PWM) pattern across port pins
— Deterministic fault protection, fast decay and configurable dead-time between complementary output
— Dithering that increases resolution with up to 5 bits and reduces quantization error
One 16-bit Timer/Counters for Control (TCC) with Extended Functions:
— Up to two compare channels with optional complementary output
32-bit Real Time Counter (RTCC) with Clock/Calendar Function
Up to one Wake-up Pin with Tamper Detection and Debouncing Filter
Watchdog Timer (WDT) with Window Mode
Deadman Timer (DMT)
CRC-32 Generator
Frequency Meter (FREQM)
Two Configurable Custom Logic (CCL)
One Analog Comparator (AC) with Window Compare function
One Temperature Sensor (Die Temperature)

Advanced Analog

12-bit ADC SAR Module (ADC):
— Up to Eight Analog Channels
— Up to Two MSPS conversion rate
— Multiple trigger sources
— Supports die temperature sensor built into RF-Analog (not an external “ambient” temperature sensor)
— Two Analog Comparator (AC) with Window Compare Function or single Analog Comparator
— One dedicated AC and second AC is shared with PMU Controller

Security

AES Engine with Support for 128/192/256-bit Cryptographic Key

One AES with 256-bit Key Length and up to 2 MB/s Data Rate
— Five confidential modes of operation (ECB, CBC, CFB, OFB and CTR)
— Supports counter with CBC-MAC mode
— Galois Counter Mode (GCM)

True Random Number Generator (TRNG)

Public Key Cryptography Controller (PUKCC) and Associated Classical Public Key Cryptography Library
(PUKCL)

— RSA and DSA algorithm
— Elliptic Curves Cryptography (ECC), ECC GF (2n) and ECCGF (p)
Integrity Check Module (ICM) Based on Secure Hash Algorithm (SHA1, SHA224 and SHA256), DMA Assisted
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Oscillators

» 16 MHz, +20 PPM Crystal/Resonator Oscillator or External Clock (POSC) for 2.4G RF Transceiver

» Shared System PLL with Bluetooth/Zigbee RF Data Converter PLL
» 32.768 kHz Ultra-low Power Internal Oscillator
» Higher Accuracy 32.768 kHz, +250 ppm Clock Options
— POSC derived 32 kHz clock
— 32.768 kHz crystal/resonator oscillator (SOSC)
— External 32.768 kHz clock source
* 8 MHz Internal RC Oscillator (FRC)

* Flexible Peripheral Pin Select (PPS) Support

» High-Current Sink/Source on Most I/O Pins

« Configurable Open-Drain Output on Digital /0 Pins
» Up to 27 Programmable 1/O Pins

Package

* PIC32CX1012BZ25048 Package:
— 48-pin QFN
— Size—=7mmx7 mmx 0.9 mm

WBZ45 Module Features

The following section lists the WBZ45 Module related features, which complement SoC features:

WBZ45 Module Variants

« WBZ451 based on (PIC32CX1012BZ25048 SoC)
— WBZ451PE (PCB)
— WBZ451UE (u.FL)

Antenna

¢ On-Board PCB Antenna
* External Antenna

Clock Management

* Integrated 16 MHz POSC

System Peripheral, Advanced Analog and Security

» All features of SoC are accessible
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Package and Operating Conditions

+ WBZ451
— 39-pin SMD package with Shield CAN
— Size —15.5mm x 20.7 mm x 2.8 mm
* Operating Conditions
— 1.9V to 3.6V, -40°C to +85°C, DC to 64 MHz

Certifications

» Certified to FCC, ISED and CE Radio Regulations
* RoHS and REACH Compliant

Note: Traditional LIN documentation uses the terminology “Master” and “Slave”. The equivalent Microchip
terminology used in this document is “Commander” and “Responder”, respectively.
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Ordering Information

1. Ordering Information

This chapter provides the ordering information of the PIC32CX-BZ2 and WBZ45 family of devices.

11 PIC32CXBZ2 SoC and WBZ45 Module Ordering Information
The following table describes the ordering information of the WBZ45 Module.

Table 1-1. WBZ45 Module Ordering Details

Model No. Module SoC Description Regulatory Ordering Code
Certification

WBZ451PE PIC32CX1012BZ250 | WBZ451 module with | FCC, ISED, CE WBZ451PE-I

48-1/IMYX
WBZ451UE

PCB antenna

WBZ451 module with FCC, ISED, CE WBZ451UE-I
U.FL connector for
external antenna

The following figure illustrates the details of the PIC32CXBZ2 ordering information.
Figure 1-1. PIC32CXBZ2 Ordering Information

Microchip Brand

Architecture

PIC32 CX|[|10 || 12 ||BZ2|| 50 || 48 || I/E | [MYX

Memory Size

10 =1024 KB
RAM Size

12 =128 KB

Family

Blueetooth Zigbee

Long Range
Pin Count

48 Pin Device

Temperature Range
| = Industrial (-40 to +85 C)
E = Extended (-40 to +125 C)

T-I = Industrial in T/R
T-E = Extended in T/R

Package Information

QGN
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Configuration Summary

Configuration Summary

Table 2-1. PIC32CX-BZ2 and WBZ45 Family Features
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3.2

PIC32CX-BZ2 and WBZ45 Family
PIC32CX-BZ2 SoC Description

PIC32CX-BZ2 SoC Description

This chapter contains device-specific information for the PIC32CX-BZ2 SoC.

Note: Traditional AHB and APB documentation uses the terminology “Master” and “Slave”. The equivalent Microchip

terminology used in this document is “Manager” and “Subordinate”, respectively.

PIC32CX-BZ2 SoC Block Diagram

The following figure illustrates the block diagram of the core and peripheral modules in the PIC32CX-BZ2 SoC.

Figure 3-1. PIC32CX-BZ2 SoC Block Diagram
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This section provides details on pin diagrams for each variant of the PIC32CX-BZ2 SoC.
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Figure 3-2. PIC32CX1012BZ25048 SoC Pin Diagram (Bottom View)
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Note:

1. ltis required that the exposed paddle on the bottom of the SoC be connected to ground in the PCB.
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WBZ45 Module Description

WBZ45 Module Description

The WBZ45 contains the PIC32CX-BZ2 SoC with following antenna options:

« PCB antenna

¢ Uu.FL connector for external antenna

The following figure represents the WBZ45 module block diagram.
Figure 4-1. WBZ45 Module Block Diagram
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The following figure illustrates the module pinout diagram.
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External Antenna

RF Matching
Circuit

SERCOM 12C/SPI/USART

ADC/AC Analog Pins
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WBZ45 Module Description

Figure 4-2. WBZ451 Module Pin Diagram (Top View)

© O N O a b W N =

39
38
37
36
35
34
33
32
31
30
29
28
27

- = -

WBZ451

Note: It is required that the exposed paddle on the bottom of the module be connected to ground in the PCB.

Basic Connection Requirement

The WBZ45 module requires attention to a minimal set of device pin connections before proceeding with

development.
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WBZ45 Module Description

Figure 4-3. Module Basic Connection and Interface Diagram
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It is recommended that a bulk and a decoupling capacitor be added at the input supply pin (VDD, VDD_A and GND
pins) of the WBZ45 module.
* Itis recommended that 4.7 uF be on the VDD_A pin and 4.7 yF and a 0.1 pF be on the VDD pin.

» The value of the capacitors are based on typical application requirements and are the minimum recommended
values. Depending on the application requirement (in other words, a noisy power line or other known noise
sources), the values of capacitors can be adjusted to provide a clean supply to the module.

» All capacitors must be placed close to the Module Power supply pins.

Master Clear (MCLR) Pin
The MCLR pin provides for two specific device functions:
» Device Reset
* Device programming and debugging
Pulling the MCLR pin low generates a device Reset. Module Basic Connection and Interface Diagram illustrates a

typical MCLR circuit, see the Module Basic Connection and Interface Diagram in the Basic Connection Requirement
from Related Links.

The module has sufficient filtering (0.1 pF) and pull-up (10k) on the Reset line. On a typical application, no extra
filtering is required on this pin.
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WBZ45 Module Description

Related Links
4.2. Basic Connection Requirement

SWD Lines

The CM4_SWCLK, CM4_SWDIO and CM4_SWO pins are used for SWD Programming and debugging purposes. It
is recommended that the CM4_SWCLK and CM4_SWDIO pin be used for the WBZ45 module for SWD as the default
configuration (CM4_SWO can be optional).

Keep the trace length between the SWD pins of the WBZ45 module and the SWD header as short as possible. If
the SWD connector is expected to experience an ESD event, a series resistor is recommended with the value in the
range of a few tens of Qs, not to exceed 100Q.

Note: Provide an option for adding an external pull-up on SWDIO.

Unused I/O Pins

It is recommended that unused I/O pins not be allowed to float as inputs. They can be configured as inputs and pulled
up. Alternatively, depending on the application, they can be pulled down as well.

Note: Pin PA3 has to be pulled down for optimal power consumption.

GPIO Pins/PPS Functions

Most of the WBZ45 module pins can be configured as GPIOs pins or for PPS functionality. To find the functionality
supported by each of these GPIOs, see I/O Ports and Peripheral Pin Select (PPS) from Related Links. It is
recommended that a series resistor be added on the host board for all critical, high frequency pins and clocks

for EMI considerations. The value of the series resistor depends on the actual pin configuration. These resistors must
be placed close to the module. Example of Host Board on Top Layer illustrates the placement of the series resistor;
see the Example of Host Board on Top Layer figure in the WBZ45 Module Routing Guidelines from Related Links.

Related Links
6. 1/0 Ports and Peripheral Pin Select (PPS)
4.4. WBZ45 Module Routing Guidelines

WBZ45 Module Placement Guidelines

» For any Bluetooth Low Energy/Zigbee product, the antenna placement affects the performance of the whole
system. The antenna requires free space to radiate RF signals and it must not be surrounded by the ground
plane. Thus, for the best PCB antenna performance, it is recommended that the WBZ45 module be placed at
the edge of the host board.

» Itis recommended that the WBZ45 module ground outline edge be aligned with the edge of the host board
ground plane as shown in the following figure.

* Alow-impedance ground plane for the WBZ45 module ensures the best radio performance (best range and
lowest noise). The ground plane can be extended beyond the minimum recommendation as required for the
host board EMC and noise reduction.

» For the best performance, keep metal structures and components (such as mechanical spacers, bump-on and
so on) at least 31.75 mm away from the PCB trace antenna as illustrated in the following figure.

* Itis recommended that the antenna on the WBZ45 module not be placed in direct contact with or in close
proximity to plastic casing or objects. Keep a minimum clearance of 10 mm in all directions around the PCB
antenna as shown in the following figure. Keeping metallic and plastic objects close to the antenna can detune
the antenna and reduce the performance of the device.

» Exposed GND pads on the bottom of the WBZ45 module must be soldered to the host board (see the Example
of Host Board on Top Layer figure in the WBZ45 Module Routing Guidelines from Related Links).

* A PCB cutout or a copper keepout is required under the RF test point (see WBZ451 Module Packaging
Information from Related Links).

» Copper keepout areas are required on the top layer under voltage test points (see WBZ451 Module Packaging
Information from Related Links).

» Alternatively, the entire region, except the exposed ground paddle, can be solder-masked.
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The following figure illustrates the examples of WBZ45 module placement on a host board with a ground plane. Refer
to the following figure for placement-specific guidance.

Figure 4-4. Module Placement Guidelines

31.75 mm (Keep out clearance region)

Module PCB Edge for all metalic and plastic structures
around the antenna. Refer to antenna
specific details of the respective antenna.

No Copper Region
ﬁ 16mm

6mm

Edge of Host PCB Ground Plane

Host PCB Ground Plane ———— >/

Related Links
4.4. WBZ45 Module Routing Guidelines
44.2. WBZ451 Module Packaging Information

WBZ45 Module Routing Guidelines

Use the multi-layer host board for routing signals on the inner layer and the bottom layer.

The top layer (underneath the module) of the host board must be ground with as many GND vias as possible,
shown in the following figure.

Avoid fan-out of the signals under the module or antenna area. Use a via to fan-out signals to theedge of the
WBZ45 module.

For a better GND connection to the WBZ45 module, solder the exposed GND pads of the WBZ45 module on the
host board.

For the module GND pad, use a GND via of a minimum 10 mil (hole diameter) for good ground to all the layers
and thermal conduction path.

Having a series resistor on the host board for all GPIOs is recommended. These resistors must be placed close
to the WBZ45 module. Refer to the following figure for the placement of the series resistor.

The SOSC crystal (32.768 kHz) on the host board must be placed close to the WBZ45 module and follow the
shortest trace routing length with no vias (see the following figure).
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Figure 4-5. Example of Host Board on Top Layer
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Underneath Module the Module

4.5 WBZ45 Module RF Considerations

The overall performance of the system is significantly affected by the product design, environment and application.
The product designer must ensure system-level shielding (if required) and verify the performance of the product
features and applications.

Consider the following guidelines for optimal RF performance:
*  The WBZ45 module must be positioned in a noise-free RF environment and must be kept far away from
high-frequency clock signals and any other sources of RF energy.
* The antenna must not be shielded by any metal objects.
* The power supply must be clean and noise-free.

* Make sure that the width of the traces routed to GND, VDD rails are sufficiently large for handling peak TX
current consumption.
Note: The WBZ45 module includes RF shielding on top of the board as a standard feature.

4.6 WBZ45 Module Antenna Considerations

4.6.1 PCB Antenna

For the WBZ45 module, the PCB antenna is fabricated on the top copper layer and covered in a solder mask. The
layers below the antenna do not have copper trace. It is recommended that the module be mounted on the edge
of the host board and to have no PCB material below the antenna structure of the module and no copper traces or
planes on the host board in that area.

The following table lists the technical specification of the PCB antenna when tested with the WBZ45 module mounted
on an Evaluation Board.
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Table 4-1. PCB Antenna Specification for WBZ45

Operating frequency 2400 to 2480 MHz
Peak gain 2.36 dBi at 2420 MHz
Efficiency 50%

External Antenna Placement Recommendations
The following recommendations must be applied for the placement of the antenna and its cable:
» The antenna cable must not be routed over circuits generating electrical noise on the host board or alongside or
underneath the module. It is preferred that the cable is routed straight out of the module.
» The antenna must not be placed in direct contact or in close proximity of the plastic casing/objects. (Except
when the selected antenna specifically recommends it).
» Do not enclose the antenna within a metal shield.
» Keep any components that may radiate noise, signals or harmonics within the 2.4 GHz to 2.5 GHz frequency
band away from the antenna and, if possible, shield those components. Any noise radiated from the host board
in this frequency band degrades the sensitivity of the module.

» The antenna must be placed at a distance greater than 5 cm away from the module. The following figure shows
the antenna keepout area where the antenna must not be placed.

These recommendations are based on an open-air measurement and do not take into account any metal shielding of
the customer end product. When a metal enclosure is used, the antenna can be located closer to the WBZ45 module.

Note: These are generic guidelines and it is recommended that customers check and fine-tune the antenna
positioning in the final host product based on RF performance.

The following figure provides an indication on how the antenna cable must be routed depending on the location of the
antenna with respect to the WBZ45 PCB; there are two possible options for the optimum routing of the cable.
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Figure 4-6. WBZ45 Antenna Placement Guidelines

5cm from board edge

Preferred cable routing directions

A
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5cm from board edge

Table 4-2. List of Certified Antenna

W3525B039 Pulse 2 dBi Cable length 100 mm
2 001-0016 LSR PIFA 2.5dBi  Flex PIFA antenna
3 001-0001 LSR Dipole 2 dBi RPSMA connector*
4 1461530100 Molex PCB 3 dBi 100 mm (Dual Band)
5 ANT-2.4-LPW-125 | Linx Technologies | Dipole 2.8 dBi 125 mm
6 RFA-02-P05-D034  Alead PCB 2 dBi 150 mm
7 RFA-02-P33-D034 | Alead PCB 2 dBi 150 mm
8 ABAR1504-S2450 | ABRACON PCB 2.28 dBi | 250 mm
9 WBZ451 LGA — — 2.36dBi | —

WBZ45 Module Reflow Profile Information

The WBZ45 module was assembled using the IPC/JEDEC J-STD-020 Standard lead free reflow profile. The WBZ45
module can be soldered to the host board using standard leaded or lead-free solder reflow profiles. To avoid
damaging the module, adhere to the following recommendations:

* For Solder Reflow Recommendations, refer to the Solder Reflow Recommendation Application Note (AN233).

* Do not exceed a peak temperature (TP) of 250°C.

© 2022 Microchip Technology Inc. Preliminary Data Sheet DS70005504A-page 61
and its subsidiaries



4.71

4.8

4.8.1

PIC32CX-BZ2 and WBZ45 Family
WBZ45 Module Description

» Refer to the solder paste data sheet for specific reflow profile recommendations from the vendor.
* Use no-clean flux solder paste.

» Do not wash as moisture can be trapped under the shield.

* Use only one flow. If the PCB requires multiple flows, apply the module on the final flow.

Cleaning

The exposed GND pad helps to self-align the module, avoiding pad misalignment. The recommendation is to use
the no clean solder pastes. Ensure full drying of no-clean paste fluxes as a result of the reflow process. As per the
recommendation by the solder paste vendor, this requires longer reflow profiles and/or peak temperatures toward
the high end of the process window. The uncured flux residues can lead to corrosion and/or shorting in accelerated
testing and possibly the field.

WBZ45 Module Assembly Considerations

The WBZ45 module is assembled with an EMI shield to ensure compliance with EMI emission and immunity rules.
The EMI shield is made of a tin-plated steel (SPTE) and is not hermetically sealed. Use the solutions such as IPA and
similar solvents to clean this module. Cleaning solutions containing acid must never be used on the module.

Conformal Coating

The modules are not intended for use with a conformal coating, and the customer assumes all risks (such as the
module reliability, performance degradation and so on) if a conformal coating is applied to the modules.
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5. Pinout and Signal Descriptions List

The following table provides details on signal names classified by the peripherals along with the device pinout for
each variant of the PIC32CX-BZ2 SoC and WBZ45 module.

Table 5-1. Pinout and Signal Descriptions List

Peripherals

R e N R

PIC32CX-BZ2 WBZ45
SoC Module Pad Name

1,2,8,11,19, GND
26

1 PMU_BK = = — — — _ _ _ _ _

2 VPMU_VDD | — = — — — — — — _ _

3 PMU_MLDO = — = = — - — — _ _ _

4 20 PAO = = = RAO QSPI_DATA2 | RTC_IN3 = = = =

5 21 PA1 AC_CMP1 = = RA1 QSPI_DATA3 = RTC_IN2 = = = =

6 35 PA2 AC_CMPO = = RA2 = RTC_IN1 = = = =

7 24 PAS = = = RAS = = SERCOMO_PADO | — = =

8 27,28 VDD = — — — — — _ _ _

9 25 PAG AC_CMP1_ALT | — = RAG = = SERCOMO_PAD1 | — = PGC2ENTRY

10 31 PA7 = = = RA7 = = SERCOM1_PADO | — = TRACECLK

11 29 PA8 = = = RA8 = = SERCOM1_PAD1 | — FECTRLO  PGD2ENTRY

12 30 PAY = = = RA9 = RTC_INO_ALT | SERCOM1_PAD2 | — FECTRLI | —

13 32 PA10 = = = RA10 = RTC_OUT_ALT = SERCOM1_PAD3 | — FECTRL2  —

14 22 PB12 = = = RB12 QSPI_DATA0 | — = = = =

15 23 PB13 = = = RB13 QSPI_DATA1 RTC_EVENT | — = — —

16 33 PA13 = = = RA13 = = SERCOM2_PADO | — COEXCTRLO | —

17 34 PA14 = = = RA14 = = SERCOM2_PAD1 | — COEXCTRL1 | —

18 CLDO_OUT | — = — — — — — — _ _

19 BUCK_CLDO | — = = = — — — _ _ _

20 EXTR(7) = = = = — — — — — _

21 BUCK BB | — = — — — — — _ _ _

22 XO_N — — —_ —_ — — — XO- — —

23 XO_P — — — — — — — XO+ = =

24 BUCK PLL | — = — - — — — _ _ _

25 BUCK LPA | — = — — — _ _ _ _

26 LPAOUT | — = = = = = = — LPA —

27 MPA_OUT | — = = = = = = = MPA =

28 BUCK MPA | — = — — — — — — _ _

29 3 NMCLR = = = = — — — _ _ _

30 4 PBO AC_AIN2 AN4 = RBO = = = = COEXCTRL2 | —

31 38 PB1 AC_AIN3 AN5 = RB1 = — — _ —_ _

32 37 PB2 AC_AINO ANG = RB2 — — — — _ _

33 5 PB3 AC_AIN1 AN7 = RB3 — — — _ _ _

34 39 PB4 = ANO INTO®) | RB4 — — — — FECTRL3 | TRACEDATA3, PGC1

35 6 PB5 = AN1 = RB5 = = = = FECTRL4  TRACEDATAO, PGC4
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........... continued

PIC32CX-BZ2 WBZ45 )
SoC Modul Peripherals
© odulle Pad Name

36 7 AVDD
37 12 PB6 = ANNO,AN2 | — RB6 = = = = FECTRL5 TRACEDATA1, PGD1
38 13 PB7 LVDIN AN3 = RB7 = = = = = TRACEDATA2,
CM4_SWO, PGD4
39 VDD = = = = = = = = = =
40 15 PB9 = = = RB9 = = = = = CM4_SWDIO
41 14 PB8 = = = RB8 = = = = = CM4_SWCLK
42 16 PA4 = = = RA4 = RTC_OUT SERCOMO_PAD3 | — = =
43 17 PB10 = = — RB10 QSPI_CS — — — — —
44 18 PB11 = = = RB11 QSPI_SCK | — = = = =
45 9 PA11 — — — RA1G) | — — — soscl | — =
46 10 PA12 = = = RA12(5) = = = SOSCO | — =
47 36 PA3 = = = RA3 = RTC_INO SERCOMO_PAD2 = SCLKI = — =
48 VPMU_VDD | — = = = = = = = = =
NC = = = = = = = = = =
Notes:

1. Al GPIOs (RANn and RBn) can be used by remappable peripherals via PPS.

All GPIOs (RAn and RBn) can be used as I/O Change Notification (IOCAn and IOCBn).
The metal paddle at the bottom of the device must be connected to system ground.
These peripherals have signals that are only available via the PPS remappable pins.
This pin can be used as the Input-only pin if not using SOSC.

External resistor used to set internal reference current of the SOC.

Disable trace data output for SWD or 4-wire trace output are shared. To disable trace data output, use
CFGCONO0.SWOEN=0. To disable 4-wire trace output, use CFGCONO.TROEN=0.

8. INTO can be used as a wake-up source from Deep Sleep or Extreme Deep Sleep Low Power modes, as well
as an ADC trigger source. The INTO can be configured using Configuration Control Register 0 (CFGCONO).
INTO functionality on PB4 cannot be remapped using PPS. The software SDK and operational stacks provided
by Microchip handles the operation of INTO as a wake-up source in Deep Sleep Low Power Mode

NS ok wbdh
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I/0 Ports and Peripheral Pin Select (PPS)

General purpose 1/0 (GPIO) pins allow the PIC32CX-BZ2 devices to monitor and control other devices. To add
flexibility and functionality, some pins are multiplexed with alternate function(s). These functions depend on which
peripheral features are on the device. In general, when a peripheral is functioning, that pin may not be used as a
general purpose /O pin. For more details on pin multiplexing, see GPIO Pins/PPS Functions from Related Links.
There are default priorities for each GPIO pin as well. For details on priorities, see Function Priority for Device Pins
from Related Links. It must be noted that ‘fuse’ values stored in NVR memory can be used to alter the power-on
default function for certain GPIO pins. See System Configuration Registers (CFG) from Related Links.

Some of the key features of the 1/0 ports are:

* Individual output pin open-drain enable/disable
* Individual input pin weak pull-up and pull-down

* Monitor selective inputs and generate interrupt when change in pin state is detected

* Operation during Sleep and Idle modes
— Fast bit manipulation using CLR, SET and INV registers

— Slew rate control

The following figure illustrates a block diagram of a typical multiplexed 1/O port.

Figure 6-1. Typical Multiplexed Port Structure Block Diagram
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Related Links

4.2.41. GPIO Pins/PPS Functions

6.3. Function Priority for Device Pins

18. System Configuration and Register Locking (CFG)

Control Registers

Before reading and writing any I/O port, the desired pin(s) must be properly configured for the application. Each

I/O port has nine registers directly associated with the operation of the port and one control register. Each 1/O port
pin has a corresponding bit in these registers. Throughout this section, the letter *x’, denotes any or all port module
instances. For example, TRISx represents TRISA or TRISB. Any bit and its associated data and control registers that
is not valid for a particular device will be disabled and will read as zeros.

Configuring Tri-State Functions (TRISx)
The TRISx registers configure the data direction flow through port I/O pins. The TRISx register bits determine
whether a PORTXx I/O pin is an input or an output:

 If a data direction bit is ‘1’, the corresponding 1/O port pin is an input.

+ If a data direction bit is ‘0’, the corresponding 1/O port pin is an output.

* Aread from a TRISx register reads the last value written to that register.

» All /O port pins are defined as inputs after a Power-on Reset (POR).

Configuring Port Functions (PORTXx)
The PORTX registers allow 1/O pins to be accessed:

» A write to a PORTXx register writes to the corresponding LATx register (PORTx data latch). Those /O port pin(s)
configured as outputs are updated.

» A write to a PORTx register is effectively the same as a write to a LATx register.

* Aread from a PORTXx register reads the synchronized signal applied to the port I/O pins.

Configuring Latch Functions (LATXx)
The LATx registers (PORTx data latch) hold data written to port I/O pins:

» A write to a LATx register latches data to corresponding port 1/0O pins. Those 1/O port pins configured as outputs
are updated.

* Aread from a LATx register reads the data held in the PORTx data latch, not from the port I/O pins.

Open-Drain Configuration (ODCx)

Each I/O pin can be individually configured for either normal digital output or open-drain output. This is controlled by
the open-drain control register, ODCX, associated with each I/O pin. If the ODCx bit for an 1/0 pin is a ‘1’, the pin acts
as an open-drain output. If the ODCx bit for an 1/O pin is a ‘0’, the pin is configured for a normal digital output (the
ODCx bit is valid only for output pins). After a Reset, the status of all the bits of the ODCx register is set to ‘0’.

The maximum open-drain voltage allowed is the same as the maximum V| specification. The ODCx register setting
functions in all of the I/0O modes, allowing the output to behave as an open-drain even if a peripheral is controlling

the pin. Although, the user may achieve the same result by manipulating the corresponding LATx and TRISx bits, this
procedure does not allow the peripheral to operate in the Open-Drain mode (except for the default operation of the
I2C pins). I12C pins are already open-drain pins; therefore, the ODCx settings do not influence the I2C pins.

Configuring Analog and Digital Port Pins (ANSELXx)

The ANSELX register controls the operation of the analog port pins. The port pins that are to function as analog
inputs must have their corresponding ANSEL and TRISx bits set. To use port pins for I/O functionality with digital
modules, such as Timers, SERCOMs and so on, the corresponding ANSELX bit must be cleared. The ANSELx
register has a default value of 0xFFFF; therefore, all pins that share analog functions are, by default, analog and not
digital.
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If the TRISx bit is cleared (output) while the ANSELX bit is set, the digital output level (Vo or Vg ) is converted by

an analog peripheral, such as the ADC module or the comparator module. When the PORTX register is read, all pins
configured as analog input channels are read as cleared (a low-level). Pins configured as digital inputs do not convert
an analog input. Analog levels on any pin defined as a digital input (including the ANx pins) can cause the input buffer
to consume current that exceeds the device specifications.

Input Change Notification (CN)

The Input Change Notification (CN) function of the 1/O ports allows PIC32CX-BZ2 devices to generate interrupt
requests to the processor in response to a change-of-state on selected input pins. This feature can detect input
change of states even in the Sleep mode, when the clocks are disabled.

The following control registers are associated with the CN functionality of each 1/O port:

» Change Notice Pull-up Enable (CNPUEX)

» Change Notice Pull-down Enable (CNPDx)

» Change Notice Control (CNCONXx)

» Change Notice Enable (CNENx/CNNEX)

» Change Notice Status (CNSTATx/CNFx) or the positive edge control
Each 1/O pin also has a weak pull-up and a weak pull-down connected to it. The pull-ups act as a current source or
sink source connected to the pin and eliminate the need for external resistors when push button or keypad devices
are connected. The pull-ups and pull-downs are enabled separately using the CNPUEx and the CNPDx registers,

which contain the control bits for each of the pins. Setting any of the control bits enables the weak pull-ups and/or
pull-downs for the corresponding pins.

Note: Pull-ups and pull-downs on change notification pins must always be disabled when the port pin is configured
as a digital output

The CNCONX registers provide change notice control.

The CNENx/CNNEX registers contain the CN interrupt enable control bits for each of the input pins. Setting any of
these bits enables a CN interrupt for the corresponding pins. CNENx enables a mismatch CN interrupt condition
when EDGEDETECT is not set. When EDGEDETECT is set, CNNEXx controls the negative edge while CNENx
controls the positive. On devices that do not have EDGEDETECT, this CN logic acts as if EDGEDETECT is not set.

The CNSTATx/CNFx registers indicate whether a change occurred on the corresponding pin since the last read of the
PORTXx bit. The CNFx registers indicate the type of change that occurred.

Registers for Peripheral Pin Select

The Peripheral Pin Select [pin name]R register ([pin name]R) and the Peripheral Pin Select Output (RPnR) register
(RPnR) provide the control bits for the peripheral pin select input and output. See [pin name]R and RPnR from
Related Links.

Related Links
6.2.7.4. [pin name]R
6.2.9.1. RPnR

Slew Rate Control

Some I/O pins can be configured for various types of slew rate control on its associated port. This is controlled by the
slew rate control bits in the SRCON1x and SRCONOx registers that are associated with each I/O port. The slew rate
control is configured using the corresponding bit in each register, as shown in the following table.

As an example, writing 0x0001, 0x0000 to SRCON1A and SRCONOA, respectively, can enable slew rate control on
the RAO pin and sets the slew rate to the slow edge rate.

Note: Slew rate control bits must not be enabled with pad configured as an input.

Table 6-1. Slew Rate Control Bit Settings(")

1 1 Slew rate control is enabled and is set to the slowest edge rate
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........... continued

1 0 Slew rate control is enabled and is set to the slow edge rate

0 1 Slew rate control is enabled and is set to the medium edge rate
0 0 Slew rate control is disabled and is set to the fastest edge rate

1. By default, all the port pins are set to the fastest edge rate.

CLR, SET and INV Registers

Every I/0O module register has corresponding SET, CLR and INV registers, which provide atomic bit manipulations.
As the name of the registers imply, a value written to a SET, CLR or INV register effectively performs the implied
operation, but only on the corresponding base register and only bits specified as ‘1’ are modified. Bits specified as ‘0’
are not modified. For example,

»  Writing 0x0001 to the TRISASET register sets only bit 0 in the base register TRISA
»  Writing 0x0020 to the PORTBCLR register clears only bit 5 in the base register PORTB
*  Writing 0x9000 to the LATAINV register inverts only bits 15 and 12 in the base register LATA

Reading the SET, CLR and INV registers returns an undefined value. To see the influences of a write operation to a
SET, CLR or INV register, the base register must be read instead.

A typical method to toggle an I/O pin requires a read-modify-write operation performed on a PORTX register in the
software. For example, a read from a PORTXx register, mask and modify the desired output bit or bits, and write the
resulting value back to the PORTXx register. This method is vulnerable to a read-modify-write issue where the port
value may change after it is read and before the modified data can be written back, thus, changing the previous state.
This method also requires more instructions.

A more efficient and atomic method uses the PORTXINV register. A write to the PORTXINV register effectively
performs a read-modify-write operation on the target base register, equivalent to the software operation described
previously; however, it is done in the hardware. To toggle an I/O pin using this method, a ‘1’ is written to the
corresponding bit in the PORTXINV register. This operation reads the PORTX register, inverts only those bits
specified as ‘1’, and writes the resulting value to the LATx register, thus, toggling the corresponding 1/O pins all

in a single atomic instruction cycle. PORTAINV = 0x0001.

Peripheral Pin Select (PPS)

A major challenge in general purpose devices is providing the largest possible set of peripheral features while
minimizing the conflict of features on 1/O pins. The challenge is even greater on low pin-count devices. In an
application where more than one peripheral needs to be assigned to a single pin, inconvenient workarounds in
application code or a complete redesign may be the only option.

The PPS configuration provides an alternative to these choices by enabling peripheral set selection and their
placement on a wide range of I/O pins. By increasing the pinout options available on a particular device, the users
can better modify the device to their entire application, rather than trimming the application to fit the device.

This feature operates over a fixed subset of digital I/O pins. The users may independently map the input and/or
output of most digital peripherals to these I/O pins. The PPS configuration is performed in the software and generally
does not require the device to be reprogrammed. The hardware safeguards that prevent accidental or spurious
changes to the peripheral mapping are included once the PPS configuration is established.

In PPS mode, Maximum peripheral clock frequency = Direct mode clock frequency/2.

Note: Direct Mode is a mode in which peripherals are running based on Function Priority for Pins and not using PPS.

Re-Mappab