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Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
TABLE 2: dsPIC33EPXXXMC20X/50X and PIC24EPXXXMC20X MOTOR CONTROL 
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PIC24EP32MC202 512 32 4

5 4 4 6 1 2 2 — 3 2 1 6 2/3(1) Yes Yes 21 28

SPDIP,
SOIC, 

SSOP(5), 
QFN-S

PIC24EP64MC202 1024 64 8

PIC24EP128MC202 1024 128 16

PIC24EP256MC202 1024 256 32

PIC24EP512MC202 1024 512 48

PIC24EP32MC203 512 32 4
5 4 4 6 1 2 2 — 3 2 1 8 3/4 Yes Yes 25 36 VTLA

PIC24EP64MC203 1024 64 8

PIC24EP32MC204 512 32 4

5 4 4 6 1 2 2 — 3 2 1 9 3/4 Yes Yes 35
44/
48

VTLA(5),
TQFP, 
QFN, 
UQFN

PIC24EP64MC204 1024 64 8

PIC24EP128MC204 1024 128 16

PIC24EP256MC204 1024 256 32

PIC24EP512MC204 1024 512 48

PIC24EP64MC206 1024 64 8

5 4 4 6 1 2 2 — 3 2 1 16 3/4 Yes Yes 53 64
TQFP,
QFN

PIC24EP128MC206 1024 128 16

PIC24EP256MC206 1024 256 32

PIC24EP512MC206 1024 512 48

dsPIC33EP32MC202 512 32 4

5 4 4 6 1 2 2 — 3 2 1 6 2/3(1) Yes Yes 21 28

SPDIP,
SOIC, 

SSOP(5), 
QFN-S

dsPIC33EP64MC202 1024 64 8

dsPIC33EP128MC202 1024 128 16

dsPIC33EP256MC202 1024 256 32

dsPIC33EP512MC202 1024 512 48

dsPIC33EP32MC203 512 32 4
5 4 4 6 1 2 2 — 3 2 1 8 3/4 Yes Yes 25 36 VTLA

dsPIC33EP64MC203 1024 64 8

dsPIC33EP32MC204 512 32 4

5 4 4 6 1 2 2 — 3 2 1 9 3/4 Yes Yes 35
44/
48

VTLA(5),
TQFP, 
QFN, 
UQFN

dsPIC33EP64MC204 1024 64 8

dsPIC33EP128MC204 1024 128 16

dsPIC33EP256MC204 1024 256 32

dsPIC33EP512MC204 1024 512 48

dsPIC33EP64MC206 1024 64 8

5 4 4 6 1 2 2 — 3 2 1 16 3/4 Yes Yes 53 64
TQFP,
QFN

dsPIC33EP128MC206 1024 128 16

dsPIC33EP256MC206 1024 256 32

dsPIC33EP512MC206 1024 512 48

dsPIC33EP32MC502 512 32 4

5 4 4 6 1 2 2 1 3 2 1 6 2/3(1) Yes Yes 21 28

SPDIP,
SOIC, 

SSOP(5), 
QFN-S

dsPIC33EP64MC502 1024 64 8

dsPIC33EP128MC502 1024 128 16

dsPIC33EP256MC502 1024 256 32

dsPIC33EP512MC502 1024 512 48

dsPIC33EP32MC503 512 32 4
5 4 4 6 1 2 2 1 3 2 1 8 3/4 Yes Yes 25 36 VTLA

dsPIC33EP64MC503 1024 64 8

Note 1: On 28-pin devices, Comparator 4 does not have external connections. Refer to Section 25.0 “Op Amp/Comparator Module” for details.
2: Only SPI2 is remappable.
3: INT0 is not remappable.
4: Only the PWM Faults are remappable.
5: The SSOP and VTLA packages are not available for devices with 512 Kbytes of memory.
 2011-2013 Microchip Technology Inc. DS70000657H-page 3



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
3.0 CPU

The dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/
50X and PIC24EPXXXGP/MC20X CPU has a 16-bit
(data) modified Harvard architecture with an enhanced
instruction set, including significant support for digital
signal processing. The CPU has a 24-bit instruction
word with a variable length opcode field. The Program
Counter (PC) is 23 bits wide and addresses up to
4M x 24 bits of user program memory space. 

An instruction prefetch mechanism helps maintain
throughput and provides predictable execution. Most
instructions execute in a single-cycle effective execu-
tion rate, with the exception of instructions that change
the program flow, the double-word move (MOV.D)
instruction, PSV accesses and the table instructions.
Overhead-free program loop constructs are supported
using the DO and REPEAT instructions, both of which
are interruptible at any point.

3.1 Registers

The dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/
50X and PIC24EPXXXGP/MC20X devices have six-
teen, 16-bit working registers in the programmer’s
model. Each of the working registers can act as a data,
address or address offset register. The 16th working
register (W15) operates as a Software Stack Pointer for
interrupts and calls.

3.2 Instruction Set

The instruction set for dsPIC33EPXXXGP50X and
dsPIC33EPXXXMC20X/50X devices has two classes of
instructions: the MCU class of instructions and the DSP
class of instructions. The instruction set for
PIC24EPXXXGP/MC20X devices has the MCU class of
instructions only and does not support DSP instructions.
These two instruction classes are seamlessly integrated
into the architecture and execute from a single execution
unit. The instruction set includes many addressing modes
and was designed for optimum C compiler efficiency.

3.3 Data Space Addressing

The base Data Space can be addressed as 64 Kbytes
(32K words).

The Data Space includes two ranges of memory,
referred to as X and Y data memory. Each memory
range is accessible through its own independent
Address Generation Unit (AGU). The MCU class of
instructions operates solely through the X memory
AGU, which accesses the entire memory map as one
linear Data Space. On dsPIC33EPXXXMC20X/50X
and dsPIC33EPXXXGP50X devices, certain DSP
instructions operate through the X and Y AGUs to
support dual operand reads, which splits the data
address space into two parts. The X and Y Data Spaces
have memory locations that are device-specific, and
are described further in the data memory maps in
Section 4.2 “Data Address Space”.

The upper 32 Kbytes of the Data Space memory map
can optionally be mapped into Program Space (PS) at
any 32-Kbyte aligned program word boundary. The
Program-to-Data Space mapping feature, known as
Program Space Visibility (PSV), lets any instruction
access Program Space as if it were Data Space.
Moreover, the Base Data Space address is used in
conjunction with a Read or Write Page register (DSRPAG
or DSWPAG) to form an Extended Data Space (EDS)
address. The EDS can be addressed as 8M words or
16 Mbytes. Refer to the “Data Memory” (DS70595) and
“Program Memory” (DS70613) sections in the
“dsPIC33/PIC24 Family Reference Manual” for more
details on EDS, PSV and table accesses.

On the dsPIC33EPXXXMC20X/50X and
dsPIC33EPXXXGP50X devices, overhead-free circular
buffers (Modulo Addressing) are supported in both X
and Y address spaces. The Modulo Addressing
removes the software boundary checking overhead for
DSP algorithms. The X AGU Circular Addressing can be
used with any of the MCU class of instructions. The X
AGU also supports Bit-Reversed Addressing to greatly
simplify input or output data re-ordering for radix-2 FFT
algorithms. PIC24EPXXXGP/MC20X devices do not
support Modulo and Bit-Reversed Addressing.

3.4 Addressing Modes

The CPU supports these addressing modes:

• Inherent (no operand)

• Relative

• Literal

• Memory Direct

• Register Direct

• Register Indirect

Each instruction is associated with a predefined
addressing mode group, depending upon its functional
requirements. As many as six addressing modes are
supported for each instruction.

Note 1: This data sheet summarizes the
features of the dsPIC33EPXXXGP50X,
dsPIC33EPXXXMC20X/50X and
PIC24EPXXXGP/MC20X families of
devices. It is not intended to be a
comprehensive reference source. To com-
plement the information in this data sheet,
refer to “CPU” (DS70359) in the
“dsPIC33/PIC24 Family Reference
Manual”, which is available from the
Microchip web site (www.microchip.com).

2: Some registers and associated bits
described in this section may not be
available on all devices. Refer to
Section 4.0 “Memory Organization” in
this data sheet for device-specific register
and bit information.
 2011-2013 Microchip Technology Inc. DS70000657H-page 35
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
FIGURE 3-1: dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X 
CPU BLOCK DIAGRAM

Instruction
Decode and

Control

16

PCL

16

Program Counter

16-Bit ALU

24

24

24

24

X Data Bus

PCU
16

16 16

Divide
Support

Engine(1)
DSP

R
O

M
 L

at
ch

16

Y Data Bus(1)

EA MUX

X RAGU
X WAGU

Y AGU(1)

16

24

16

16

16

16

16

16

16

8

Interrupt
Controller

PSV and Table
Data Access
Control Block

Stack
Control
Logic

Loop
Control
Logic

Data LatchData Latch

Y Data
RAM(1)

X Data
RAM

Address
Latch

Address
Latch

16

Data Latch

16

16

16

X Address Bus

Y
 A

dd
re

ss
 B

u
s

24

Li
te

ra
l D

at
a

Program Memory

Address Latch

Power, Reset
and Oscillator

Control Signals
to Various Blocks

Ports

Peripheral
Modules

Note 1: This feature is not available on PIC24EPXXXGP/MC20X devices.

Modules

PCH

IR

16 x 16
W Register Array
DS70000657H-page 36  2011-2013 Microchip Technology Inc.



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
3.5 Programmer’s Model

The programmer’s model for the
dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X
and PIC24EPXXXGP/MC20X is shown in Figure 3-2.
All registers in the programmer’s model are memory
mapped and can be manipulated directly by
instructions. Table 3-1 lists a description of each
register.

In addition to the registers contained in the
programmer’s model, the dsPIC33EPXXXGP50X,
dsPIC33EPXXXMC20X/50X and PIC24EPXXXGP/

MC20X devices contain control registers for Modulo
Addressing (dsPIC33EPXXXMC20X/50X and
dsPIC33EPXXXGP50X devices only), Bit-Reversed
Addressing (dsPIC33EPXXXMC20X/50X and
dsPIC33EPXXXGP50X devices only) and interrupts.
These registers are described in subsequent
sections of this document.

All registers associated with the programmer’s model
are memory mapped, as shown in Table 4-1.

TABLE 3-1: PROGRAMMER’S MODEL REGISTER DESCRIPTIONS

Register(s) Name Description

W0 through W15 Working Register Array

ACCA, ACCB 40-Bit DSP Accumulators

PC 23-Bit Program Counter

SR ALU and DSP Engine STATUS Register

SPLIM Stack Pointer Limit Value Register

TBLPAG Table Memory Page Address Register

DSRPAG Extended Data Space (EDS) Read Page Register

DSWPAG Extended Data Space (EDS) Write Page Register

RCOUNT REPEAT Loop Count Register

DCOUNT(1) DO Loop Count Register

DOSTARTH(1,2), DOSTARTL(1,2) DO Loop Start Address Register (High and Low)

DOENDH(1), DOENDL(1) DO Loop End Address Register (High and Low)

CORCON Contains DSP Engine, DO Loop Control and Trap Status bits

Note 1: This register is available on dsPIC33EPXXXMC20X/50X and dsPIC33EPXXXGP50X devices only.

2: The DOSTARTH and DOSTARTL registers are read-only.
 2011-2013 Microchip Technology Inc. DS70000657H-page 37



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
FIGURE 4-3: PROGRAM MEMORY MAP FOR dsPIC33EP128GP50X, dsPIC33EP128MC20X/50X 
AND PIC24EP128GP/MC20X DEVICES 
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N OV Z C 0000

AT IPL3 SFA RND IF 0020

XWM<3:0> 0000

— 0000

— 0001

— 0000

— 0001

0000

0000

LPAG<7:0> 0000

0000

X DEVICES ONLY (CONTINUED)

 4 Bit 3 Bit 2 Bit 1 Bit 0
All 

Resets
SR 0042 OA OB SA SB OAB SAB DA DC IPL2 IPL1 IPL0 RA

CORCON 0044 VAR — US<1:0> EDT DL<2:0> SATA SATB SATDW ACCS

MODCON 0046 XMODEN YMODEN — — BWM<3:0> YWM<3:0>

XMODSRT 0048 XMODSRT<15:0>

XMODEND 004A XMODEND<15:0>

YMODSRT 004C YMODSRT<15:0>

YMODEND 004E YMODEND<15:0>

XBREV 0050 BREN XBREV<14:0>

DISICNT 0052 — — DISICNT<13:0>

TBLPAG 0054 — — — — — — — — TB

MSTRPR 0058 MSTRPR<15:0>

TABLE 4-1: CPU CORE REGISTER MAP FOR dsPIC33EPXXXMC20X/50X AND dsPIC33EPXXXGP50

 File Name Addr. Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit 5 Bit

Legend: x = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
5.0 FLASH PROGRAM MEMORY

The dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/
50X and PIC24EPXXXGP/MC20X devices contain
internal Flash program memory for storing and
executing application code. The memory is readable,
writable and erasable during normal operation over the
entire VDD range.

Flash memory can be programmed in two ways:

• In-Circuit Serial Programming™ (ICSP™) 
programming capability

• Run-Time Self-Programming (RTSP)

ICSP allows for a dsPIC33EPXXXGP50X,
dsPIC33EPXXXMC20X/50X and PIC24EPXXXGP/
MC20X device to be serially programmed while in the
end application circuit. This is done with two lines for
programming clock and programming data (one of the

alternate programming pin pairs: PGECx/PGEDx), and
three other lines for power (VDD), ground (VSS) and
Master Clear (MCLR). This allows customers to
manufacture boards with unprogrammed devices and
then program the device just before shipping the
product. This also allows the most recent firmware or a
custom firmware to be programmed.

RTSP is accomplished using TBLRD (Table Read) and
TBLWT (Table Write) instructions. With RTSP, the user
application can write program memory data a single
program memory word, and erase program memory in
blocks or ‘pages’ of 1024 instructions (3072 bytes) at a
time.

5.1 Table Instructions and Flash 
Programming

Regardless of the method used, all programming of
Flash memory is done with the Table Read and Table
Write instructions. These allow direct read and write
access to the program memory space from the data
memory while the device is in normal operating mode.
The 24-bit target address in the program memory is
formed using bits<7:0> of the TBLPAG register and the
Effective Address (EA) from a W register, specified in
the table instruction, as shown in Figure 5-1.

The TBLRDL and the TBLWTL instructions are used to
read or write to bits<15:0> of program memory.
TBLRDL and TBLWTL can access program memory in
both Word and Byte modes.

The TBLRDH and TBLWTH instructions are used to read
or write to bits<23:16> of program memory. TBLRDH
and TBLWTH can also access program memory in Word
or Byte mode.

FIGURE 5-1: ADDRESSING FOR TABLE REGISTERS 

Note 1: This data sheet summarizes the
features of the dsPIC33EPXXXGP50X,
dsPIC33EPXXXMC20X/50X and
PIC24EPXXXGP/MC20X families of
devices. It is not intended to be a compre-
hensive reference source. To complement
the information in this data sheet, refer to
“Flash Programming” (DS70609) in
the “dsPIC33/PIC24 Family Reference
Manual”, which is available from the
Microchip web site (www.microchip.com).

2: Some registers and associated bits
described in this section may not be
available on all devices. Refer to
Section 4.0 “Memory Organization” in
this data sheet for device-specific register
and bit information.
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
 

 

REGISTER 8-9: DSADRH: DMA MOST RECENT RAM HIGH ADDRESS REGISTER

U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0

— — — — — — — —

bit 15 bit 8

R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0

DSADR<23:16>

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-8 Unimplemented: Read as ‘0’

bit 7-0 DSADR<23:16>: Most Recent DMA Address Accessed by DMA bits

REGISTER 8-10: DSADRL: DMA MOST RECENT RAM LOW ADDRESS REGISTER

R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0

DSADR<15:8>

bit 15 bit 8

R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0

DSADR<7:0>

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-0 DSADR<15:0>: Most Recent DMA Address Accessed by DMA bits
 2011-2013 Microchip Technology Inc. DS70000657H-page 147



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
9.1 CPU Clocking System

The dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/
50X and PIC24EPXXXGP/MC20X family of devices
provides six system clock options:

• Fast RC (FRC) Oscillator

• FRC Oscillator with Phase Locked Loop (PLL)

• FRC Oscillator with Postscaler

• Primary (XT, HS or EC) Oscillator

• Primary Oscillator with PLL

• Low-Power RC (LPRC) Oscillator

Instruction execution speed or device operating
frequency, FCY, is given by Equation 9-1. 

EQUATION 9-1: DEVICE OPERATING 
FREQUENCY

Figure 9-2 is a block diagram of the PLL module.

Equation 9-2 provides the relationship between input
frequency (FIN) and output frequency (FPLLO). In clock
modes S1 and S3, when the PLL output is selected,
FOSC = FPLLO.

Equation 9-3 provides the relationship between input
frequency (FIN) and VCO frequency (FVCO).

FIGURE 9-2: PLL BLOCK DIAGRAM 

EQUATION 9-2: FPLLO CALCULATION 

EQUATION 9-3: FVCO CALCULATION

FCY = Fosc/2

÷ N1

÷ M

÷ N2PFD VCO

PLLPRE<4:0>

PLLDIV<8:0>

PLLPOST<1:0>

0.8 MHz < FPLLI(1) < 8.0 MHz
120 MHZ < FVCO(1) < 340 MHZ

FPLLO(1)  120 MHz @ +125ºC

FIN FPLLI FVCO FPLLO

Note 1: This frequency range must be met at all times.

FPLLO(1)  140 MHz @ +85ºC

To FOSC clock multiplexer

FPLLO FIN
M

N1 N2
--------------------- 
  FIN

PLLDIV 2+ 
PLLPRE 2+  2 PLLPOST 1+ 

---------------------------------------------------------------------------------------- 
 = =

Where:

N1 = PLLPRE + 2

N2 = 2 x (PLLPOST + 1)

M = PLLDIV + 2

Fvco FIN
M
N1
------- 
  FIN

PLLDIV 2+ 
PLLPRE 2+ 

------------------------------------- 
 = =
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
11.1.1 OPEN-DRAIN CONFIGURATION

In addition to the PORTx, LATx and TRISx registers
for data control, port pins can also be individually
configured for either digital or open-drain output. This
is controlled by the Open-Drain Control register,
ODCx, associated with each port. Setting any of the
bits configures the corresponding pin to act as an
open-drain output. 

The open-drain feature allows the generation of
outputs other than VDD by using external pull-up
resistors. The maximum open-drain voltage allowed
on any pin is the same as the maximum VIH

specification for that particular pin. 

See the “Pin Diagrams” section for the available
5V tolerant pins and Table 30-11 for the maximum
VIH specification for each pin.

11.2 Configuring Analog and Digital 
Port Pins

The ANSELx register controls the operation of the
analog port pins. The port pins that are to function as
analog inputs or outputs must have their corresponding
ANSELx and TRISx bits set. In order to use port pins for
I/O functionality with digital modules, such as Timers,
UARTs, etc., the corresponding ANSELx bit must be
cleared.

The ANSELx register has a default value of 0xFFFF;
therefore, all pins that share analog functions are
analog (not digital) by default.

Pins with analog functions affected by the ANSELx
registers are listed with a buffer type of analog in the
Pinout I/O Descriptions (see Table 1-1).

If the TRISx bit is cleared (output) while the ANSELx bit
is set, the digital output level (VOH or VOL) is converted
by an analog peripheral, such as the ADC module or
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.

11.2.1 I/O PORT WRITE/READ TIMING

One instruction cycle is required between a port
direction change or port write operation and a read
operation of the same port. Typically this instruction
would be a NOP, as shown in Example 11-1.

11.3 Input Change Notification (ICN)

The Input Change Notification function of the I/O ports
allows devices to generate interrupt requests to the
processor in response to a Change-of-State (COS) on
selected input pins. This feature can detect input
Change-of-States even in Sleep mode, when the clocks
are disabled. Every I/O port pin can be selected
(enabled) for generating an interrupt request on a
Change-of-State.

Three control registers are associated with the Change
Notification (CN) functionality of each I/O port. The
CNENx registers contain the CN interrupt enable con-
trol bits for each of the input pins. Setting any of these
bits enables a CN interrupt for the corresponding pins.

Each I/O pin also has a weak pull-up and a weak
pull-down connected to it. The pull-ups and pull-
downs 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 CNPUx 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.

EXAMPLE 11-1: PORT WRITE/READ 
EXAMPLE

Note: Pull-ups and pull-downs on Change Noti-
fication pins should always be disabled
when the port pin is configured as a digital
output.

MOV 0xFF00, W0 ; Configure PORTB<15:8>
; as inputs

MOV W0, TRISB ; and PORTB<7:0> 
; as outputs

NOP ; Delay 1 cycle
BTSS PORTB, #13 ; Next Instruction
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bit 4-0 SYNCSEL<4:0>: Input Source Select for Synchronization and Trigger Operation bits(4) 

11111 = No Sync or Trigger source for ICx
11110 = Reserved
11101 = Reserved
11100 = CTMU module synchronizes or triggers ICx
11011 = ADC1 module synchronizes or triggers ICx(5)

11010 = CMP3 module synchronizes or triggers ICx(5)

11001 = CMP2 module synchronizes or triggers ICx(5)

11000 = CMP1 module synchronizes or triggers ICx(5)

10111 = Reserved
10110 = Reserved
10101 = Reserved
10100 = Reserved
10011 = IC4 module synchronizes or triggers ICx
10010 = IC3 module synchronizes or triggers ICx
10001 = IC2 module synchronizes or triggers ICx
10000 = IC1 module synchronizes or triggers ICx
01111 = Timer5 synchronizes or triggers ICx
01110 = Timer4 synchronizes or triggers ICx
01101 = Timer3 synchronizes or triggers ICx (default)
01100 = Timer2 synchronizes or triggers ICx
01011 = Timer1 synchronizes or triggers ICx
01010 = PTGOx module synchronizes or triggers ICx(6)

01001 = Reserved
01000 = Reserved
00111 = Reserved
00110 = Reserved
00101 = Reserved
00100 = OC4 module synchronizes or triggers ICx
00011 = OC3 module synchronizes or triggers ICx
00010 = OC2 module synchronizes or triggers ICx
00001 = OC1 module synchronizes or triggers ICx
00000 = No Sync or Trigger source for ICx

REGISTER 14-2: ICxCON2: INPUT CAPTURE x CONTROL REGISTER 2 (CONTINUED)

Note 1: The IC32 bit in both the Odd and Even IC must be set to enable Cascade mode.

2: The input source is selected by the SYNCSEL<4:0> bits of the ICxCON2 register.

3: This bit is set by the selected input source (selected by SYNCSEL<4:0> bits). It can be read, set and 
cleared in software.

4: Do not use the ICx module as its own Sync or Trigger source.

5: This option should only be selected as a trigger source and not as a synchronization source.

6: Each Input Capture x (ICx) module has one PTG input source. See Section 24.0 “Peripheral Trigger 
Generator (PTG) Module” for more information.
PTGO8 = IC1
PTGO9 = IC2
PTGO10 = IC3
PTGO11 = IC4
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REGISTER 17-10: INDX1HLD: INDEX COUNTER 1 HOLD REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

INDXHLD<15:8>

bit 15 bit 8

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

INDXHLD<7:0>

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-0 INDXHLD<15:0>: Hold Register for Reading and Writing INDX1CNTH bits

REGISTER 17-11: QEI1ICH: QEI1 INITIALIZATION/CAPTURE HIGH WORD REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

QEIIC<31:24>

bit 15 bit 8

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

QEIIC<23:16>

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-0 QEIIC<31:16>: High Word Used to Form 32-Bit Initialization/Capture Register (QEI1IC) bits

REGISTER 17-12: QEI1ICL: QEI1 INITIALIZATION/CAPTURE LOW WORD REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

QEIIC<15:8>

bit 15 bit 8

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

QEIIC<7:0>

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-0 QEIIC<15:0>: Low Word Used to Form 32-Bit Initialization/Capture Register (QEI1IC) bits
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bit 1 RBIF: RX Buffer Interrupt Flag bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 0 TBIF: TX Buffer Interrupt Flag bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred

REGISTER 21-6: CxINTF: ECANx INTERRUPT FLAG REGISTER (CONTINUED)
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REGISTER 21-22: CxRXFUL1: ECANx RECEIVE BUFFER FULL REGISTER 1

R/C-0 R/C-0 R/C-0 R/C-0 R/C-0 R/C-0 R/C-0 R/C-0

RXFUL15 RXFUL14 RXFUL13 RXFUL12 RXFUL11 RXFUL10 RXFUL9 RXFUL8

bit 15 bit 8

R/C-0 R/C-0 R/C-0 R/C-0 R/C-0 R/C-0 R/C-0 R/C-0

RXFUL7 RXFUL6 RXFUL5 RXFUL4 RXFUL3 RXFUL2 RXFUL1 RXFUL0

bit 7 bit 0

Legend: C = Writable bit, but only ‘0’ can be written to clear the bit

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-0 RXFUL<15:0>: Receive Buffer n Full bits

1 = Buffer is full (set by module) 
0 = Buffer is empty (cleared by user software)

REGISTER 21-23: CxRXFUL2: ECANx RECEIVE BUFFER FULL REGISTER 2

R/C-0 R/C-0 R/C-0 R/C-0 R/C-0 R/C-0 R/C-0 R/C-0

RXFUL31 RXFUL30 RXFUL29 RXFUL28 RXFUL27 RXFUL26 RXFUL25 RXFUL24

bit 15 bit 8

R/C-0 R/C-0 R/C-0 R/C-0 R/C-0 R/C-0 R/C-0 R/C-0

RXFUL23 RXFUL22 RXFUL21 RXFUL20 RXFUL19 RXFUL18 RXFUL17 RXFUL16

bit 7 bit 0

Legend: C = Writable bit, but only ‘0’ can be written to clear the bit

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-0 RXFUL<31:16>: Receive Buffer n Full bits

1 = Buffer is full (set by module) 
0 = Buffer is empty (cleared by user software)
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ADC1BUFF(4)
ADC1BUFE(4)
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VREFH VREFL
FIGURE 23-1: ADC MODULE BLOCK DIAGRAM WITH CONNECTION OPTIONS FOR ANx PINS AN
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1

+

–

CMP1
/OA1

0x
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VREFL

VREFL

VREFL
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–
CH0

0
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VREFL

AN0-ANx
OA1-OA3

CH0Sx

CH0Nx

CH123Nx

00000

11111

OPMODE

OPMODE

OPMODE

S&H1

Ch

This diagram depicts all of the available
ADC connection options to the four S&H
amplifiers, which are designated: CH0,
CH1, CH2 and CH3.

The ANx analog pins or op amp outputs
are connected to the CH0-CH3 amplifi-
ers through the multiplexers, controlled
by the SFR control bits, CH0Sx,
CHONx, CH123Sx and CH123Nx.
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–
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+

–
OA3(5)
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PGEC1/AN4/C1IN1+/RPI34/RB2
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AN1/C2IN1+/RA1

AN10/RPI28/RA12
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–
OA1
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Current Source (CTMUI)CTMU Temp
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Note 1: VREF+, VREF- inputs can be multiplexed with other analog inputs.
2: Channels 1, 2 and 3 are not applicable for the 12-bit mode of operation.
3: These bits can be updated with Step commands from the PTG module. See Section 24.0 “Peripheral Trigger Generator (PTG) Modul
4: When ADDMAEN (AD1CON4<8>) = 1, enabling DMA, only ADC1BUF0 is used.
5: OA3 is not available for 28-pin devices.
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REGISTER 25-4: CMxMSKSRC: COMPARATOR x MASK SOURCE SELECT 
CONTROL REGISTER

U-0 U-0 U-0 U-0 R/W-0 R/W-0 R/W-0 RW-0

— — — — SELSRCC3 SELSRCC2 SELSRCC1 SELSRCC0

bit 15 bit 8

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

SELSRCB3 SELSRCB2 SELSRCB1 SELSRCB0 SELSRCA3 SELSRCA2 SELSRCA1 SELSRCA0

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-12 Unimplemented: Read as ‘0’

bit 11-8 SELSRCC<3:0>: Mask C Input Select bits

1111 = FLT4
1110 = FLT2
1101 = PTGO19
1100 = PTGO18
1011 = Reserved
1010 = Reserved
1001 = Reserved
1000 = Reserved
0111 = Reserved
0110 = Reserved
0101 = PWM3H
0100 = PWM3L
0011 = PWM2H
0010 = PWM2L
0001 = PWM1H
0000 = PWM1L

bit 7-4 SELSRCB<3:0>: Mask B Input Select bits

1111 = FLT4
1110 = FLT2
1101 = PTGO19
1100 = PTGO18
1011 = Reserved
1010 = Reserved
1001 = Reserved
1000 = Reserved
0111 = Reserved
0110 = Reserved
0101 = PWM3H
0100 = PWM3L
0011 = PWM2H
0010 = PWM2L
0001 = PWM1H
0000 = PWM1L
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TABLE 30-9: DC CHARACTERISTICS: WATCHDOG TIMER DELTA CURRENT (IWDT)(1)  

DC CHARACTERISTICS

Standard Operating Conditions: 3.0V to 3.6V
(unless otherwise stated)
Operating temperature -40°C  TA  +85°C for Industrial

-40°C  TA  +125°C for Extended

Parameter No. Typ. Max. Units Conditions

DC61d 8 — A -40°C

3.3V
DC61a 10 — A +25°C

DC61b 12 — A +85°C

DC61c 13 — A +125°C

Note 1: The IWDT current is the additional current consumed when the module is enabled. This current should be 
added to the base IPD current. All parameters are characterized but not tested during manufacturing.

TABLE 30-10: DC CHARACTERISTICS: DOZE CURRENT (IDOZE)

DC CHARACTERISTICS

Standard Operating Conditions: 3.0V to 3.6V
(unless otherwise stated)
Operating temperature -40°C  TA  +85°C for Industrial

-40°C  TA  +125°C for Extended

Parameter No. Typ. Max.
Doze 
Ratio

Units Conditions

Doze Current (IDOZE)(1)

DC73a(2) 35 — 1:2 mA
-40°C 3.3V FOSC = 140 MHz

DC73g 20 30 1:128 mA

DC70a(2) 35 — 1:2 mA
+25°C 3.3V FOSC = 140 MHz

DC70g 20 30 1:128 mA

DC71a(2) 35 — 1:2 mA
+85°C 3.3V FOSC = 140 MHz

DC71g 20 30 1:128 mA

DC72a(2) 28 — 1:2 mA
+125°C 3.3V FOSC = 120 MHz

DC72g 15 30 1:128 mA

Note 1: IDOZE is primarily a function of the operating voltage and frequency. Other factors, such as I/O pin loading 
and switching rate, oscillator type, internal code execution pattern and temperature, also have an impact 
on the current consumption. The test conditions for all IDOZE measurements are as follows:

• Oscillator is configured in EC mode and external clock is active, OSC1 is driven with external square 
wave from rail-to-rail (EC clock overshoot/undershoot < 250 mV required)

• CLKO is configured as an I/O input pin in the Configuration Word

• All I/O pins are configured as inputs and pulled to VSS

• MCLR = VDD, WDT and FSCM are disabled

• CPU, SRAM, program memory and data memory are operational

• No peripheral modules are operating; however, every peripheral is being clocked (all PMDx bits are 
zeroed)

• CPU is executing while(1) statement

• JTAG is disabled

2: Parameter is characterized but not tested in manufacturing.
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TABLE 30-14: DC CHARACTERISTICS: PROGRAM MEMORY

DC CHARACTERISTICS

Standard Operating Conditions: 3.0V to 3.6V
(unless otherwise stated)
Operating temperature -40°C  TA  +85°C for Industrial

-40°C  TA  +125°C for Extended

Param
No.

Symbol Characteristic Min. Typ.(1) Max. Units Conditions

Program Flash Memory

D130 EP Cell Endurance 10,000 — — E/W -40C to +125C

D131 VPR VDD for Read 3.0 — 3.6 V

D132b VPEW VDD for Self-Timed Write 3.0 — 3.6 V

D134 TRETD Characteristic Retention 20 — — Year Provided no other specifications 
are violated, -40C to +125C

D135 IDDP Supply Current during 
Programming(2)

— 10 — mA

D136 IPEAK Instantaneous Peak Current 
During Start-up

— — 150 mA

D137a TPE Page Erase Time 17.7 — 22.9 ms TPE = 146893 FRC cycles, 
TA = +85°C (See Note 3)

D137b TPE Page Erase Time 17.5 — 23.1 ms TPE = 146893 FRC cycles, 
TA = +125°C (See Note 3)

D138a TWW Word Write Cycle Time 41.7 — 53.8 µs TWW = 346 FRC cycles, 
TA = +85°C (See Note 3)

D138b TWW Word Write Cycle Time 41.2 — 54.4 µs TWW = 346 FRC cycles, 
TA = +125°C (See Note 3)

Note 1: Data in “Typical” column is at 3.3V, +25°C unless otherwise stated.

2: Parameter characterized but not tested in manufacturing.

3: Other conditions: FRC = 7.37 MHz, TUN<5:0> = 011111 (for Minimum), TUN<5:0> = 100000 (for 
Maximum). This parameter depends on the FRC accuracy (see Table 30-19) and the value of the FRC 
Oscillator Tuning register (see Register 9-4). For complete details on calculating the Minimum and 
Maximum time, see Section 5.3 “Programming Operations”.
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FIGURE 30-20: SPI2 SLAVE MODE (FULL-DUPLEX, CKE = 0, CKP = 1, SMP = 0) 
TIMING CHARACTERISTICS

SS2

SCK2
(CKP = 0)

SCK2
(CKP = 1)

SDO2

SP50

SP40

SP41

SP30, SP31 SP51

SP35

MSb LSbBit 14 - - - - - -1

Bit 14 - - - -1 LSb In

SP52

SP73SP72

SP72SP73

Note: Refer to Figure 30-1 for load conditions.

SDI2 MSb In

SP70

SP36
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