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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
bit 7-5 IPL<2:0>: CPU Interrupt Priority Level Status bits(2,3)

111 = CPU Interrupt Priority Level is 7 (15); user interrupts are disabled
110 = CPU Interrupt Priority Level is 6 (14)
101 = CPU Interrupt Priority Level is 5 (13)
100 = CPU Interrupt Priority Level is 4 (12)
011 = CPU Interrupt Priority Level is 3 (11)
010 = CPU Interrupt Priority Level is 2 (10)
001 = CPU Interrupt Priority Level is 1 (9)
000 = CPU Interrupt Priority Level is 0 (8)

bit 4 RA: REPEAT Loop Active bit

1 = REPEAT loop in progress
0 = REPEAT loop not in progress

bit 3 N: MCU ALU Negative bit

1 = Result was negative
0 = Result was non-negative (zero or positive)

bit 2 OV: MCU ALU Overflow bit

This bit is used for signed arithmetic (2’s complement). It indicates an overflow of the magnitude that
causes the sign bit to change state. 
1 = Overflow occurred for signed arithmetic (in this arithmetic operation)
0 = No overflow occurred

bit 1 Z: MCU ALU Zero bit

1 = An operation that affects the Z bit has set it at some time in the past
0 = The most recent operation that affects the Z bit has cleared it (i.e., a non-zero result)

bit 0 C: MCU ALU Carry/Borrow bit

1 = A carry-out from the Most Significant bit of the result occurred
0 = No carry-out from the Most Significant bit of the result occurred

REGISTER 3-1: SR: CPU STATUS REGISTER (CONTINUED)

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

2: The IPL<2:0> bits are concatenated with the IPL<3> bit (CORCON<3>) to form the CPU Interrupt Priority 
Level. The value in parentheses indicates the IPL, if IPL<3> = 1. User interrupts are disabled when 
IPL<3> = 1.

3: The IPL<2:0> Status bits are read-only when the NSTDIS bit (INTCON1<15>) = 1.

4: A data write to the SR register can modify the SA and SB bits by either a data write to SA and SB or by 
clearing the SAB bit. To avoid a possible SA or SB bit write race condition, the SA and SB bits should not 
be modified using bit operations.
 2011-2013 Microchip Technology Inc. DS70000657H-page 41



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
FIGURE 4-2: PROGRAM MEMORY MAP FOR dsPIC33EP64GP50X, dsPIC33EP64MC20X/50X AND 
PIC24EP64GP/MC20X DEVICES 

Reset Address

0x000000

0x000002

Write Latches

User Program
Flash Memory

0x00AFEC
0x00AFEA(22K instructions)

0x800000

0xFA0000
0xFA0002
0xFA0004

DEVID

0xFEFFFE
0xFF0000

0xFFFFFE

0xF9FFFE

Unimplemented
(Read ‘0’s)

GOTO Instruction

0x000004

Reserved

0x7FFFFE
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Flash Configuration
Bytes

0x00B000
0x00AFFE

Reserved

0xFF0002

Note: Memory areas are not shown to scale.

0xFF0004

Reserved

0x800FF8
0x800FF6

0x801000
0x800FFE

USERID
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
FIGURE 4-11: DATA MEMORY MAP FOR dsPIC33EP512MC20X/50X AND dsPIC33EP512GP50X 
DEVICES

0x0000

0x0FFE

0x7FFE

0xFFFE

LSB
Address16 Bits

LSBMSB

MSB
Address

0x0001

0x0FFF

0x7FFF

0xFFFF

Optionally
Mapped
into Program
Memory Space

0xEFFF 0xEFFE

0x1001 0x1000

0x8001 0x8000

4-Kbyte
SFR Space

48-Kbyte
SRAM Space

0xD0000xD001

Data Space
Near
8-Kbyte

SFR Space

X Data RAM (X)

X Data
Unimplemented (X)

Note: Memory areas are not shown to scale.

(PSV)

0x1FFE0x1FFF
0x2001 0x2000

0x8FFE0x8FFF
0x9001 0x9000

Y Data RAM (Y)
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
4.4.2 EXTENDED X DATA SPACE 

The lower portion of the base address space range,
between 0x0000 and 0x7FFF, is always accessible
regardless of the contents of the Data Space Page
registers. It is indirectly addressable through the
register indirect instructions. It can be regarded as
being located in the default EDS Page 0 (i.e., EDS
address range of 0x000000 to 0x007FFF with the base
address bit, EA<15> = 0, for this address range).
However, Page 0 cannot be accessed through the
upper 32 Kbytes, 0x8000 to 0xFFFF, of base Data
Space, in combination with DSRPAG = 0x000 or
DSWPAG = 0x000. Consequently, DSRPAG and
DSWPAG are initialized to 0x001 at Reset.

The remaining pages, including both EDS and PSV
pages, are only accessible using the DSRPAG or
DSWPAG registers in combination with the upper
32 Kbytes, 0x8000 to 0xFFFF, of the base address,
where base address bit, EA<15> = 1.

For example, when DSRPAG = 0x001 or
DSWPAG = 0x001, accesses to the upper 32 Kbytes,
0x8000 to 0xFFFF, of the Data Space will map to the
EDS address range of 0x008000 to 0x00FFFF. When
DSRPAG = 0x002 or DSWPAG = 0x002, accesses to
the upper 32 Kbytes of the Data Space will map to the
EDS address range of 0x010000 to 0x017FFF and so
on, as shown in the EDS memory map in Figure 4-17. 

For more information on the PSV page access using
Data Space Page registers, refer to the “Program
Space Visibility from Data Space” section in
“Program Memory” (DS70613) of the “dsPIC33/
PIC24 Family Reference Manual”. 

FIGURE 4-17: EDS MEMORY MAP

Note 1: DSxPAG should not be used to access
Page 0. An EDS access with DSxPAG
set to 0x000 will generate an address
error trap.

2: Clearing the DSxPAG in software has no
effect.

0x008000

0x010000

0x018000
PAGE 3

PAGE 2

PAGE 1FD
0xFE8000

0xFF0000

0xFF8000
PAGE 1FF

PAGE 1FE

SFR/DS
0x0000

0xFFFF

EDS EA Address (24 bits)

DS

Conventional 

EA<15:0>

0x8000

(PAGE 0)

(DSRPAG<8:0>, EA<14:0>)
(DSWPAG<8:0>, EA<14:0>)

PAGE 1

DSRPAG<9> = 0

DS Address
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
7.3 Interrupt Resources

Many useful resources are provided on the main prod-
uct page of the Microchip web site for the devices listed
in this data sheet. This product page, which can be
accessed using this link, contains the latest updates
and additional information.

7.3.1 KEY RESOURCES

• “Interrupts” (DS70600) in the “dsPIC33/PIC24 
Family Reference Manual”

• Code Samples

• Application Notes

• Software Libraries

• Webinars

• All Related “dsPIC33/PIC24 Family Reference 
Manual” Sections

• Development Tools

7.4 Interrupt Control and Status 
Registers

dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X
and PIC24EPXXXGP/MC20X devices implement the
following registers for the interrupt controller: 

• INTCON1 

• INTCON2 

• INTCON3

• INTCON4

• INTTREG

7.4.1 INTCON1 THROUGH INTCON4

Global interrupt control functions are controlled from
INTCON1, INTCON2, INTCON3 and INTCON4.

INTCON1 contains the Interrupt Nesting Disable bit
(NSTDIS), as well as the control and status flags for the
processor trap sources. 

The INTCON2 register controls external interrupt
request signal behavior and also contains the Global
Interrupt Enable bit (GIE).

INTCON3 contains the status flags for the DMA and DO
stack overflow status trap sources.

The INTCON4 register contains the software
generated hard trap status bit (SGHT).

7.4.2 IFSx

The IFSx registers maintain all of the interrupt request
flags. Each source of interrupt has a status bit, which is
set by the respective peripherals or external signal and
is cleared via software.

7.4.3 IECx

The IECx registers maintain all of the interrupt enable
bits. These control bits are used to individually enable
interrupts from the peripherals or external signals.

7.4.4 IPCx

The IPCx registers are used to set the Interrupt Priority
Level (IPL) for each source of interrupt. Each user
interrupt source can be assigned to one of eight priority
levels. 

7.4.5 INTTREG

The INTTREG register contains the associated
interrupt vector number and the new CPU Interrupt
Priority Level, which are latched into the Vector
Number bits (VECNUM<7:0>) and Interrupt Priority
Level bits (ILR<3:0>) fields in the INTTREG register.
The new Interrupt Priority Level is the priority of the
pending interrupt. 

The interrupt sources are assigned to the IFSx, IECx
and IPCx registers in the same sequence as they are
listed in Table 7-1. For example, the INT0 (External
Interrupt 0) is shown as having Vector Number 8 and a
natural order priority of 0. Thus, the INT0IF bit is found
in IFS0<0>, the INT0IE bit in IEC0<0> and the INT0IP
bits in the first position of IPC0 (IPC0<2:0>). 

7.4.6 STATUS/CONTROL REGISTERS

Although these registers are not specifically part of the
interrupt control hardware, two of the CPU Control
registers contain bits that control interrupt functionality.
For more information on these registers refer to “CPU”
(DS70359) in the “dsPIC33/PIC24 Family Reference
Manual”.

• The CPU STATUS Register, SR, contains the 
IPL<2:0> bits (SR<7:5>). These bits indicate the 
current CPU Interrupt Priority Level. The user 
software can change the current CPU Interrupt 
Priority Level by writing to the IPLx bits. 

• The CORCON register contains the IPL3 bit 
which, together with IPL<2:0>, also indicates the 
current CPU priority level. IPL3 is a read-only bit 
so that trap events cannot be masked by the user 
software.

All Interrupt registers are described in Register 7-3
through Register 7-7 in the following pages.

Note: In the event you are not able to access the
product page using the link above, enter
this URL in your browser:
http://www.microchip.com/wwwproducts/
Devices.aspx?dDocName=en555464
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
In addition, DMA transfers can be triggered by timers
as well as external interrupts. Each DMA channel is
unidirectional. Two DMA channels must be allocated to
read and write to a peripheral. If more than one channel
receives a request to transfer data, a simple fixed
priority scheme based on channel number, dictates
which channel completes the transfer and which
channel, or channels, are left pending. Each DMA
channel moves a block of data, after which, it generates
an interrupt to the CPU to indicate that the block is
available for processing.

The DMA Controller provides these functional
capabilities:

• Four DMA channels

• Register Indirect with Post-Increment 
Addressing mode

• Register Indirect without Post-Increment 
Addressing mode

• Peripheral Indirect Addressing mode (peripheral 
generates destination address)

• CPU interrupt after half or full block 
transfer complete

• Byte or word transfers

• Fixed priority channel arbitration

• Manual (software) or automatic (peripheral DMA 
requests) transfer initiation

• One-Shot or Auto-Repeat Block Transfer modes

• Ping-Pong mode (automatic switch between two 
SRAM start addresses after each block transfer is 
complete)

• DMA request for each channel can be selected 
from any supported interrupt source

• Debug support features

The peripherals that can utilize DMA are listed in
Table 8-1.

TABLE 8-1: DMA CHANNEL TO PERIPHERAL ASSOCIATIONS

Peripheral to DMA Association
DMAxREQ Register
IRQSEL<7:0> Bits

DMAxPAD Register 
(Values to Read from 

Peripheral)

DMAxPAD Register 
(Values to Write to 

Peripheral)

INT0 – External Interrupt 0 00000000 — —

IC1 – Input Capture 1 00000001 0x0144 (IC1BUF) —

IC2 – Input Capture 2 00000101 0x014C (IC2BUF) —

IC3 – Input Capture 3 00100101 0x0154 (IC3BUF) —

IC4 – Input Capture 4 00100110 0x015C (IC4BUF) —

OC1 – Output Compare 1 00000010 — 0x0906 (OC1R)
0x0904 (OC1RS)

OC2 – Output Compare 2 00000110 — 0x0910 (OC2R)
0x090E (OC2RS)

OC3 – Output Compare 3 00011001 — 0x091A (OC3R)
0x0918 (OC3RS)

OC4 – Output Compare 4 00011010 — 0x0924 (OC4R)
0x0922 (OC4RS)

TMR2 – Timer2 00000111 — —

TMR3 – Timer3 00001000 — —

TMR4 – Timer4 00011011 — —

TMR5 – Timer5 00011100 — —

SPI1 Transfer Done 00001010 0x0248 (SPI1BUF) 0x0248 (SPI1BUF)

SPI2 Transfer Done 00100001 0x0268 (SPI2BUF) 0x0268 (SPI2BUF)

UART1RX – UART1 Receiver 00001011 0x0226 (U1RXREG) —

UART1TX – UART1 Transmitter 00001100 — 0x0224 (U1TXREG)

UART2RX – UART2 Receiver 00011110 0x0236 (U2RXREG) —

UART2TX – UART2 Transmitter 00011111 — 0x0234 (U2TXREG)

ECAN1 – RX Data Ready 00100010 0x0440 (C1RXD) —

ECAN1 – TX Data Request 01000110 — 0x0442 (C1TXD)

ADC1 – ADC1 Convert Done 00001101 0x0300 (ADC1BUF0) —
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
REGISTER 11-17: RPINR39: PERIPHERAL PIN SELECT INPUT REGISTER 39 
(dsPIC33EPXXXMC20X/50X AND PIC24EPXXXMC20X DEVICES ONLY)

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

— DTCMP3R<6:0>

bit 15 bit 8

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

— DTCMP2R<6:0>

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 Unimplemented: Read as ‘0’ 

bit 14-8 DTCMP3R<6:0>: Assign PWM Dead-Time Compensation Input 3 to the Corresponding RPn Pin bits
(see Table 11-2 for input pin selection numbers)

1111001 = Input tied to RPI121
.
.
.
0000001 = Input tied to CMP1
0000000 = Input tied to VSS

bit 7 Unimplemented: Read as ‘0’

bit 6-0 DTCMP2R<6:0>: Assign PWM Dead-Time Compensation Input 2 to the Corresponding RPn Pin bits
(see Table 11-2 for input pin selection numbers)

1111001 = Input tied to RPI121
.
.
.
0000001 = Input tied to CMP1
0000000 = Input tied to VSS
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
16.3 PWMx Control Registers

REGISTER 16-1: PTCON: PWMx TIME BASE CONTROL REGISTER

R/W-0 U-0 R/W-0 HS/HC-0 R/W-0 R/W-0 R/W-0 R/W-0

PTEN — PTSIDL SESTAT SEIEN EIPU(1) SYNCPOL(1) SYNCOEN(1)

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

SYNCEN(1) SYNCSRC2(1) SYNCSRC1(1) SYNCSRC0(1) SEVTPS3(1) SEVTPS2(1) SEVTPS1(1) SEVTPS0(1)

bit 7 bit 0

Legend: HC = Hardware Clearable bit HS = Hardware Settable 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 PTEN: PWMx Module Enable bit 

1 = PWMx module is enabled
0 = PWMx module is disabled

bit 14 Unimplemented: Read as ‘0’ 

bit 13 PTSIDL: PWMx Time Base Stop in Idle Mode bit

1 = PWMx time base halts in CPU Idle mode
0 = PWMx time base runs in CPU Idle mode

bit 12 SESTAT: Special Event Interrupt Status bit

1 = Special event interrupt is pending
0 = Special event interrupt is not pending

bit 11 SEIEN: Special Event Interrupt Enable bit

1 = Special event interrupt is enabled
0 = Special event interrupt is disabled

bit 10 EIPU: Enable Immediate Period Updates bit(1)

1 = Active Period register is updated immediately
0 = Active Period register updates occur on PWMx cycle boundaries

bit 9 SYNCPOL: Synchronize Input and Output Polarity bit(1)

1 = SYNCI1/SYNCO1 polarity is inverted (active-low)
0 = SYNCI1/SYNCO1 is active-high

bit 8 SYNCOEN: Primary Time Base Sync Enable bit(1)

1 = SYNCO1 output is enabled
0 = SYNCO1 output is disabled

bit 7 SYNCEN: External Time Base Synchronization Enable bit(1)

1 = External synchronization of primary time base is enabled
0 = External synchronization of primary time base is disabled

Note 1: These bits should be changed only when PTEN = 0. In addition, when using the SYNCI1 feature, the user 
application must program the period register with a value that is slightly larger than the expected period of 
the external synchronization input signal.

2: See Section 24.0 “Peripheral Trigger Generator (PTG) Module” for information on this selection.
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
REGISTER 17-3: QEI1STAT: QEI1 STATUS REGISTER 

U-0 U-0 HS, R/C-0 R/W-0 HS, R/C-0 R/W-0 HS, R/C-0 R/W-0

— — PCHEQIRQ PCHEQIEN PCLEQIRQ PCLEQIEN POSOVIRQ POSOVIEN

bit 15 bit 8

HS, R/C-0 R/W-0 HS, R/C-0 R/W-0 HS, R/C-0 R/W-0 HS, R/C-0 R/W-0

PCIIRQ(1) PCIIEN VELOVIRQ VELOVIEN HOMIRQ HOMIEN IDXIRQ IDXIEN

bit 7 bit 0

Legend: HS = Hardware Settable bit C = Clearable 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 15-14 Unimplemented: Read as ‘0’

bit 13 PCHEQIRQ: Position Counter Greater Than or Equal Compare Status bit

1 = POS1CNT ≥ QEI1GEC
0 = POS1CNT < QEI1GEC

bit 12 PCHEQIEN: Position Counter Greater Than or Equal Compare Interrupt Enable bit

1 = Interrupt is enabled
0 = Interrupt is disabled

bit 11 PCLEQIRQ: Position Counter Less Than or Equal Compare Status bit

1 = POS1CNT ≤ QEI1LEC
0 = POS1CNT > QEI1LEC

bit 10 PCLEQIEN: Position Counter Less Than or Equal Compare Interrupt Enable bit

1 = Interrupt is enabled
0 = Interrupt is disabled

bit 9 POSOVIRQ: Position Counter Overflow Status bit

1 = Overflow has occurred
0 = No overflow has occurred

bit 8 POSOVIEN: Position Counter Overflow Interrupt Enable bit

1 = Interrupt is enabled
0 = Interrupt is disabled

bit 7 PCIIRQ: Position Counter (Homing) Initialization Process Complete Status bit(1)

1 = POS1CNT was reinitialized
0 = POS1CNT was not reinitialized

bit 6 PCIIEN: Position Counter (Homing) Initialization Process Complete interrupt Enable bit

1 = Interrupt is enabled
0 = Interrupt is disabled

bit 5 VELOVIRQ: Velocity Counter Overflow Status bit

1 = Overflow has occurred
0 = No overflow has not occurred

bit 4 VELOVIEN: Velocity Counter Overflow Interrupt Enable bit

1 = Interrupt is enabled
0 = Interrupt is disabled

bit 3 HOMIRQ: Status Flag for Home Event Status bit

1 = Home event has occurred
0 = No Home event has occurred

Note 1: This status bit is only applicable to PIMOD<2:0> modes, ‘011’ and ‘100’.
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
bit 5 ADDEN: Address Character Detect bit (bit 8 of received data = 1)

1 = Address Detect mode is enabled; if 9-bit mode is not selected, this does not take effect
0 = Address Detect mode is disabled

bit 4 RIDLE: Receiver Idle bit (read-only)

1 = Receiver is Idle
0 = Receiver is active

bit 3 PERR: Parity Error Status bit (read-only)

1 = Parity error has been detected for the current character (character at the top of the receive FIFO)
0 = Parity error has not been detected

bit 2 FERR: Framing Error Status bit (read-only)

1 = Framing error has been detected for the current character (character at the top of the receive FIFO)
0 = Framing error has not been detected

bit 1 OERR: Receive Buffer Overrun Error Status bit (clear/read-only)

1 = Receive buffer has overflowed
0 = Receive buffer has not overflowed; clearing a previously set OERR bit (1 0 transition) resets the

receiver buffer and the UxRSR to the empty state

bit 0 URXDA: UARTx Receive Buffer Data Available bit (read-only)

1 = Receive buffer has data, at least one more character can be read
0 = Receive buffer is empty

REGISTER 20-2: UxSTA: UARTx STATUS AND CONTROL REGISTER (CONTINUED)

Note 1: Refer to the “UART” (DS70582) section in the “dsPIC33/PIC24 Family Reference Manual” for information 
on enabling the UARTx module for transmit operation.
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
21.0 ENHANCED CAN (ECAN™) 
MODULE (dsPIC33EPXXXGP/
MC50X DEVICES ONLY)

21.1 Overview 

The Enhanced Controller Area Network (ECAN)
module is a serial interface, useful for communicat-
ing with other CAN modules or microcontroller
devices. This interface/protocol was designed to
allow communications within noisy environments.
The dsPIC33EPXXXGP/MC50X devices contain one
ECAN module.

The ECAN module is a communication controller
implementing the CAN 2.0 A/B protocol, as defined in
the BOSCH CAN specification. The module supports
CAN 1.2, CAN 2.0A, CAN 2.0B Passive and CAN 2.0B
Active versions of the protocol. The module implemen-
tation is a full CAN system. The CAN specification is
not covered within this data sheet. The reader can refer
to the BOSCH CAN specification for further details.

The ECAN module features are as follows:

• Implementation of the CAN protocol, CAN 1.2, 
CAN 2.0A and CAN 2.0B 

• Standard and extended data frames

• 0-8 bytes data length

• Programmable bit rate up to 1 Mbit/sec

• Automatic response to remote transmission 
requests

• Up to eight transmit buffers with application speci-
fied prioritization and abort capability (each buffer 
can contain up to 8 bytes of data)

• Up to 32 receive buffers (each buffer can contain 
up to 8 bytes of data)

• Up to 16 full (Standard/Extended Identifier) 
acceptance filters

• Three full acceptance filter masks

• DeviceNet™ addressing support

• Programmable wake-up functionality with 
integrated low-pass filter

• Programmable Loopback mode supports self-test 
operation

• Signaling via interrupt capabilities for all CAN 
receiver and transmitter error states

• Programmable clock source

• Programmable link to Input Capture (IC2) module 
for time-stamping and network synchronization

• Low-power Sleep and Idle mode

The CAN bus module consists of a protocol engine and
message buffering/control. The CAN protocol engine
handles all functions for receiving and transmitting
messages on the CAN bus. Messages are transmitted
by first loading the appropriate data registers. Status
and errors can be checked by reading the appropriate
registers. Any message detected on the CAN bus is
checked for errors and then matched against filters to
see if it should be received and stored in one of the
receive 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
comprehensive reference source. To com-
plement the information in this data sheet,
refer to “Enhanced Controller Area
Network (ECAN™)” (DS70353) in the
“dsPIC33/PIC24 Family Reference Man-
ual”, 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
21.4 ECAN Control Registers

REGISTER 21-1: CxCTRL1: ECANx CONTROL REGISTER 1

U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-1 R/W-0 R/W-0

— — CSIDL ABAT CANCKS REQOP2 REQOP1 REQOP0

bit 15 bit 8

R-1 R-0 R-0 U-0 R/W-0 U-0 U-0 R/W-0

OPMODE2 OPMODE1 OPMODE0 — CANCAP — — WIN

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 15-14 Unimplemented: Read as ‘0’

bit 13 CSIDL: ECANx Stop in Idle Mode bit

1 = Discontinues module operation when device enters Idle mode
0 = Continues module operation in Idle mode

bit 12 ABAT: Abort All Pending Transmissions bit

1 = Signals all transmit buffers to abort transmission
0 = Module will clear this bit when all transmissions are aborted

bit 11 CANCKS: ECANx Module Clock (FCAN) Source Select bit

1 = FCAN is equal to 2 * FP

0 = FCAN is equal to FP

bit 10-8 REQOP<2:0>: Request Operation Mode bits

111 = Set Listen All Messages mode
110 = Reserved 
101 = Reserved
100 = Set Configuration mode 
011 = Set Listen Only mode
010 = Set Loopback mode
001 = Set Disable mode
000 = Set Normal Operation mode

bit 7-5 OPMODE<2:0>: Operation Mode bits

111 = Module is in Listen All Messages mode
110 = Reserved
101 = Reserved
100 = Module is in Configuration mode
011 = Module is in Listen Only mode
010 = Module is in Loopback mode
001 = Module is in Disable mode
000 = Module is in Normal Operation mode

bit 4 Unimplemented: Read as ‘0’

bit 3 CANCAP: CAN Message Receive Timer Capture Event Enable bit

1 = Enables input capture based on CAN message receive   
0 = Disables CAN capture

bit 2-1 Unimplemented: Read as ‘0’

bit 0 WIN: SFR Map Window Select bit

1 = Uses filter window 
0 = Uses buffer window
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
22.2  CTMU Control Registers

REGISTER 22-1: CTMUCON1: CTMU CONTROL REGISTER 1

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

CTMUEN — CTMUSIDL TGEN EDGEN EDGSEQEN IDISSEN(1) CTTRIG

bit 15 bit 8

U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-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 CTMUEN: CTMU Enable bit

1 = Module is enabled
0 = Module is disabled

bit 14 Unimplemented: Read as ‘0’

bit 13 CTMUSIDL: CTMU Stop in Idle Mode bit

1 = Discontinues module operation when device enters Idle mode
0 = Continues module operation in Idle mode

bit 12 TGEN: Time Generation Enable bit 

1 = Enables edge delay generation
0 = Disables edge delay generation

bit 11 EDGEN: Edge Enable bit

1 = Hardware modules are used to trigger edges (TMRx, CTEDx, etc.)
0 = Software is used to trigger edges (manual set of EDGxSTAT)

bit 10 EDGSEQEN: Edge Sequence Enable bit

1 = Edge 1 event must occur before Edge 2 event can occur
0 = No edge sequence is needed

bit 9 IDISSEN: Analog Current Source Control bit(1) 

1 = Analog current source output is grounded
0 = Analog current source output is not grounded

bit 8 CTTRIG: ADC Trigger Control bit 

1 = CTMU triggers ADC start of conversion
0 = CTMU does not trigger ADC start of conversion

bit 7-0 Unimplemented: Read as ‘0’

Note 1: The ADC module Sample-and-Hold capacitor is not automatically discharged between sample/conversion 
cycles. Software using the ADC as part of a capacitance measurement must discharge the ADC capacitor 
before conducting the measurement. The IDISSEN bit, when set to ‘1’, performs this function. The ADC 
must be sampling while the IDISSEN bit is active to connect the discharge sink to the capacitor array.
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
bit 4-0 CH0SA<4:0>: Channel 0 Positive Input Select for Sample MUXA bits(1)

11111 = Open; use this selection with CTMU capacitive and time measurement
11110 = Channel 0 positive input is connected to the CTMU temperature measurement diode (CTMU TEMP)
11101 = Reserved
11100 = Reserved
11011 = Reserved
11010 = Channel 0 positive input is the output of OA3/AN6(2,3)

11001 = Channel 0 positive input is the output of OA2/AN0(2)

11000 = Channel 0 positive input is the output of OA1/AN3(2)

10110 = Reserved
•
•
•
10000 = Reserved
01111 = Channel 0 positive input is AN15(1,3)

01110 = Channel 0 positive input is AN14(1,3)

01101 = Channel 0 positive input is AN13(1,3)

•
•
•
00010 = Channel 0 positive input is AN2(1,3)

00001 = Channel 0 positive input is AN1(1,3)

00000 = Channel 0 positive input is AN0(1,3)

REGISTER 23-6: AD1CHS0: ADC1 INPUT CHANNEL 0 SELECT REGISTER  (CONTINUED)

Note 1: AN0 through AN7 are repurposed when comparator and op amp functionality is enabled. See Figure 23-1 
to determine how enabling a particular op amp or comparator affects selection choices for Channels 1, 2 
and 3.

2: The OAx input is used if the corresponding op amp is selected (OPMODE (CMxCON<10>) = 1); 
otherwise, the ANx input is used.

3: See the “Pin Diagrams” section for the available analog channels for each device.
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
TABLE 30-11: DC CHARACTERISTICS: I/O PIN INPUT SPECIFICATIONS

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. Max. Units Conditions

VIL Input Low Voltage

DI10 Any I/O Pin and MCLR VSS — 0.2 VDD V

DI18 I/O Pins with SDAx, SCLx VSS — 0.3 VDD V SMBus disabled

DI19 I/O Pins with SDAx, SCLx VSS — 0.8 V SMBus enabled

VIH Input High Voltage

DI20 I/O Pins Not 5V Tolerant 0.8 VDD — VDD V (Note 3)

I/O Pins 5V Tolerant and 
MCLR

0.8 VDD — 5.5 V (Note 3)

I/O Pins with SDAx, SCLx 0.8 VDD — 5.5 V SMBus disabled

I/O Pins with SDAx, SCLx 2.1 — 5.5 V SMBus enabled

ICNPU Change Notification 
Pull-up Current

DI30 150 250 550 A VDD = 3.3V, VPIN = VSS

ICNPD Change Notification 
Pull-Down Current(4)

DI31 20 50 100 A VDD = 3.3V, VPIN = VDD

Note 1: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified 
levels represent normal operating conditions. Higher leakage current can be measured at different input 
voltages.

2: Negative current is defined as current sourced by the pin.

3: See the “Pin Diagrams” section for the 5V tolerant I/O pins.

4: VIL source < (VSS – 0.3). Characterized but not tested.

5: Non-5V tolerant pins VIH source > (VDD + 0.3), 5V tolerant pins VIH source > 5.5V. Characterized but not 
tested.

6: Digital 5V tolerant pins cannot tolerate any “positive” input injection current from input sources > 5.5V.

7: Non-zero injection currents can affect the ADC results by approximately 4-6 counts. 

8: Any number and/or combination of I/O pins not excluded under IICL or IICH conditions are permitted 
provided the mathematical “absolute instantaneous” sum of the input injection currents from all pins do not 
exceed the specified limit. Characterized but not tested.
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
30.2 AC Characteristics and Timing 
Parameters 

This section defines dsPIC33EPXXXGP50X,
dsPIC33EPXXXMC20X/50X and PIC24EPXXXGP/
MC20X AC characteristics and timing parameters.

TABLE 30-15: TEMPERATURE AND VOLTAGE SPECIFICATIONS – AC  

FIGURE 30-1: LOAD CONDITIONS FOR DEVICE TIMING SPECIFICATIONS 

TABLE 30-16: CAPACITIVE LOADING REQUIREMENTS ON OUTPUT PINS

AC 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
Operating voltage VDD range as described in Section 30.1 “DC 
Characteristics”.

Param
 No.

Symbol Characteristic Min. Typ. Max. Units Conditions

DO50 COSCO OSC2 Pin — — 15 pF In XT and HS modes, when 
external clock is used to drive 
OSC1

DO56 CIO All I/O Pins and OSC2 — — 50 pF EC mode 

DO58 CB SCLx, SDAx — — 400 pF In I2C™ mode

VDD/2

CL

RL

Pin

Pin

VSS

VSS

CL

RL = 464
CL = 50 pF for all pins except OSC2

15 pF for OSC2 output

Load Condition 1 – for all pins except OSC2 Load Condition 2 – for OSC2
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
TABLE 30-33: SPI2 MAXIMUM DATA/CLOCK RATE SUMMARY

FIGURE 30-14: SPI2 MASTER MODE (HALF-DUPLEX, TRANSMIT ONLY, CKE = 0) 
TIMING CHARACTERISTICS

AC 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

Maximum 
Data Rate

Master 
Transmit Only 
(Half-Duplex)

Master 
Transmit/Receive 

(Full-Duplex)

Slave 
Transmit/Receive 

(Full-Duplex)
CKE CKP SMP

15 MHz Table 30-33 — — 0,1 0,1 0,1

9 MHz — Table 30-34 — 1 0,1 1

9 MHz — Table 30-35 — 0 0,1 1

15 MHz — — Table 30-36 1 0 0

11 MHz — — Table 30-37 1 1 0

15 MHz — — Table 30-38 0 1 0

11 MHz — — Table 30-39 0 0 0

SCK2
(CKP = 0)

SCK2
(CKP = 1)

SDO2

SP10

SP21SP20SP35

SP20SP21

MSb LSbBit 14 - - - - - -1

SP30, SP31SP30, SP31

Note: Refer to Figure 30-1 for load conditions.
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
FIGURE 30-28: SPI1 SLAVE MODE (FULL-DUPLEX, CKE = 0, CKP = 1, SMP = 0) 
TIMING CHARACTERISTICS

SS1

SCK1
(CKP = 0)

SCK1
(CKP = 1)

SDO1

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.

SDI1

SP70

SP36

MSb In
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

   

Architecture: 33 = 16-bit Digital Signal Controller
24 = 16-bit Microcontroller

Flash Memory Family: EP = Enhanced Performance

Product Group: GP = General Purpose family
MC = Motor Control family

Pin Count: 02 = 28-pin
03 = 36-pin
04 = 44-pin
06 = 64-pin

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

Package: ML = Plastic Quad, No Lead Package - (44-pin) 8x8 mm body (QFN)
MM = Plastic Quad, No Lead Package - (28-pin) 6x6 mm body (QFN-S)
MR = Plastic Quad, No Lead Package - (64-pin) 9x9 mm body (QFN)
MV = Thin Quad, No Lead Package - (48-pin) 6x6 mm body (UQFN)
PT = Plastic Thin Quad Flatpack - (44-pin) 10x10 mm body (TQFP)
PT = Plastic Thin Quad Flatpack - (64-pin) 10x10 mm body (TQFP)
SO = Plastic Small Outline, Wide - (28-pin) 7.50 mm body (SOIC)
SP = Skinny Plastic Dual In-Line - (28-pin) 300 mil body (SPDIP)
SS = Plastic Shrink Small Outline - (28-pin) 5.30 mm body (SSOP)
TL = Very Thin Leadless Array - (36-pin) 5x5 mm body (VTLA)
TL = Very Thin Leadless Array - (44-pin) 6x6 mm body (VTLA)

Examples:

dsPIC33EP64MC504-I/PT:
dsPIC33, Enhanced Performance, 
64-Kbyte Program Memory, 
Motor Control, 44-Pin, 
Industrial Temperature, 
TQFP package.

Microchip Trademark

Architecture

Flash Memory Family

Program Memory Size (Kbyte)

Product Group

Pin Count

Temperature Range

Package

Pattern

dsPIC 33 EP 64 MC5 04 T I / PT - XXX

Tape and Reel Flag (if applicable)
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