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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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Speed 60 MIPs

Connectivity CANbus, I²C, IrDA, LINbus, QEI, SPI, UART/USART

Peripherals Brown-out Detect/Reset, DMA, Motor Control PWM, POR, PWM, WDT

Number of I/O 21

Program Memory Size 256KB (85.5K x 24)

Program Memory Type FLASH

EEPROM Size -

RAM Size 16K x 16

Voltage - Supply (Vcc/Vdd) 3V ~ 3.6V

Data Converters A/D 6x10b/12b

Oscillator Type Internal

Operating Temperature -40°C ~ 125°C (TA)

Mounting Type Surface Mount

Package / Case 28-VQFN Exposed Pad

Supplier Device Package 28-QFN-S (6x6)
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
Referenced Sources

This device data sheet is based on the following
individual chapters of the “dsPIC33/PIC24 Family Ref-
erence Manual”. These documents should be
considered as the general reference for the operation
of a particular module or device feature.

• “Introduction” (DS70573)

• “CPU” (DS70359)

• “Data Memory” (DS70595)

• “Program Memory” (DS70613)

• “Flash Programming” (DS70609)

• “Interrupts” (DS70600)

• “Oscillator” (DS70580)

• “Reset” (DS70602)

• “Watchdog Timer and Power-Saving Modes” (DS70615)

• “I/O Ports” (DS70598)

• “Timers” (DS70362)

• “Input Capture” (DS70352)

• “Output Compare” (DS70358)

• “High-Speed PWM” (DS70645)

• “Quadrature Encoder Interface (QEI)” (DS70601)

• “Analog-to-Digital Converter (ADC)” (DS70621)

• “UART” (DS70582)

• “Serial Peripheral Interface (SPI)” (DS70569)

• “Inter-Integrated Circuit (I2C™)” (DS70330)

• “Enhanced Controller Area Network (ECAN™)” (DS70353)

• “Direct Memory Access (DMA)” (DS70348)

• “CodeGuard™ Security” (DS70634) 

• “Programming and Diagnostics” (DS70608)

• “Op Amp/Comparator” (DS70357)

• “Programmable Cyclic Redundancy Check (CRC)” (DS70346)

• “Device Configuration” (DS70618)

• “Peripheral Trigger Generator (PTG)” (DS70669)

• “Charge Time Measurement Unit (CTMU)” (DS70661)

Note 1: To access the documents listed below,
browse to the documentation section of the
dsPIC33EP64MC506 product page of the
Microchip web site (www.microchip.com)
or select a family reference manual section
from the following list.

In addition to parameters, features and
other documentation, the resulting page
provides links to the related family
reference manual sections.
DS70000657H-page 24  2011-2013 Microchip Technology Inc.
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
FIGURE 2-5: SINGLE-PHASE SYNCHRONOUS BUCK CONVERTER

FIGURE 2-6: MULTIPHASE SYNCHRONOUS BUCK CONVERTER
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
REGISTER 3-2: CORCON: CORE CONTROL REGISTER

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

VAR — US1(1) US0(1) EDT(1,2) DL2(1) DL1(1) DL0(1)

bit 15 bit 8

R/W-0 R/W-0 R/W-1 R/W-0 R/C-0 R-0 R/W-0 R/W-0

SATA(1) SATB(1) SATDW(1) ACCSAT(1) IPL3(3) SFA RND(1) IF(1)

bit 7 bit 0

Legend: 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 VAR: Variable Exception Processing Latency Control bit

1 = Variable exception processing latency is enabled
0 = Fixed exception processing latency is enabled

bit 14 Unimplemented: Read as ‘0’

bit 13-12 US<1:0>: DSP Multiply Unsigned/Signed Control bits(1)

11 = Reserved
10 = DSP engine multiplies are mixed-sign
01 = DSP engine multiplies are unsigned 
00 = DSP engine multiplies are signed

bit 11 EDT: Early DO Loop Termination Control bit(1,2)

1 = Terminates executing DO loop at end of current loop iteration
0 = No effect

bit 10-8 DL<2:0>: DO Loop Nesting Level Status bits(1)

111 = 7 DO loops are active

•

•

•

001 = 1 DO loop is active
000 = 0 DO loops are active

bit 7 SATA: ACCA Saturation Enable bit(1)

1 = Accumulator A saturation is enabled
0 = Accumulator A saturation is disabled

bit 6 SATB: ACCB Saturation Enable bit(1)

1 = Accumulator B saturation is enabled
0 = Accumulator B saturation is disabled

bit 5 SATDW: Data Space Write from DSP Engine Saturation Enable bit(1)

1 = Data Space write saturation is enabled
0 = Data Space write saturation is disabled

bit 4 ACCSAT: Accumulator Saturation Mode Select bit(1)

1 = 9.31 saturation (super saturation)
0 = 1.31 saturation (normal saturation)

bit 3 IPL3: CPU Interrupt Priority Level Status bit 3(3)

1 = CPU Interrupt Priority Level is greater than 7
0 = CPU Interrupt Priority Level is 7 or less

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

2: This bit is always read as ‘0’.

3: The IPL3 bit is concatenated with the IPL<2:0> bits (SR<7:5>) to form the CPU Interrupt Priority Level.
DS70000657H-page 42  2011-2013 Microchip Technology Inc.



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

Reset Address

0x000000

0x000002

Write Latches

User Program
Flash Memory

0x0157EC
0x0157EA(44K instructions)

0x800000

0xFA0000
0xFA0002
0xFA0004

DEVID

0xFEFFFE
0xFF0000

0xFFFFFE

0xF9FFFE

Unimplemented

(Read ‘0’s)

GOTO Instruction

0x000004

Reserved

0x7FFFFE

Reserved

0x000200
0x0001FEInterrupt Vector Table
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Flash Configuration
Bytes

0x015800
0x0157FE

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 4-16: DATA MEMORY MAP FOR PIC24EP512GP/MC20X/50X DEVICES

0x0000

0x0FFE

0xFFFE

LSB
Address16 Bits

LSBMSB

MSB
Address

0x0001

0x0FFF

0xFFFF

Optionally
Mapped
into Program
Memory Space

0xEFFF 0xEFFE

0x1001 0x1000

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

0x7FFE0x7FFF
0x8001 0x8000
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Bit 3 Bit 2 Bit 1 Bit 0

All
Resets

IFS T1IF OC1IF IC1IF INT0IF 0000

IFS NIF CMIF MI2C1IF SI2C1IF 0000

IFS — — SPI2IF SPI2EIF 0000

IFS — MI2C2IF SI2C2IF — 0000

IFS RCIF U2EIF U1EIF — 0000

IFS — — — — 0000

IFS — — — PWM3IF 0000

IFS — — — — 0000

IFS TG0IF PTGWDTIF PTGSTEPIF — 0000

IEC T1IE OC1IE IC1IE INT0IE 0000

IEC NIE CMIE MI2C1IE SI2C1IE 0000

IEC — — SPI2IE SPI2EIE 0000

IEC — MI2C2IE SI2C2IE — 0000

IEC RCIE U2EIE U1EIE — 0000

IEC — — — — 0000

IEC — — — PWM3IE 0000

IEC — — — — 0000

IEC G0IE PTGWDTIE PTGSTEPIE — 0000

IPC — INT0IP<2:0> 4444

IPC — DMA0IP<2:0> 4444

IPC — T3IP<2:0> 4444

IPC — U1TXIP<2:0> 0444

IPC — SI2C1IP<2:0> 4444

IPC — INT1IP<2:0> 0004

IPC — DMA2IP<2:0> 4444

IPC — T5IP<2:0> 4444

IPC — SPI2EIP<2:0> 0444

IPC — DMA3IP<2:0> 0444

IPC — — — — 0440

IPC — — — — 0440

IPC — — — — 4440

IPC — — — — 0040

IPC — — — — 4400

IPC — PWM3IP<2:0> 0004

Le
BLE 4-6: INTERRUPT CONTROLLER REGISTER MAP FOR dsPIC33EPXXXMC20X DEVICES ONLY

File 
ame

Addr. Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4

0 0800 — DMA1IF AD1IF U1TXIF U1RXIF SPI1IF SPI1EIF T3IF T2IF OC2IF IC2IF DMA0IF

1 0802 U2TXIF U2RXIF INT2IF T5IF T4IF OC4IF OC3IF DMA2IF — — — INT1IF C

2 0804 — — — — — — — — — IC4IF IC3IF DMA3IF

3 0806 — — — — — QEI1IF PSEMIF — — — — —

4 0808 — — CTMUIF — — — — — — — — — C

5 080A PWM2IF PWM1IF — — — — — — — — — —

6 080C — — — — — — — — — — — —

8 0810 JTAGIF ICDIF — — — — — — — — — —

9 0812 — — — — — — — — — PTG3IF PTG2IF PTG1IF P

0 0820 — DMA1IE AD1IE U1TXIE U1RXIE SPI1IE SPI1EIE T3IE T2IE OC2IE IC2IE DMA0IE

1 0822 U2TXIE U2RXIE INT2IE T5IE T4IE OC4IE OC3IE DMA2IE — — — INT1IE C

2 0824 — — — — — — — — — IC4IE IC3IE DMA3IE

3 0826 — — — — — QEI1IE PSEMIE — — — — —

4 0828 — — CTMUIE — — — — — — — — — C

5 082A PWM2IE PWM1IE — — — — — — — — — —

6 082C — — — — — — — — — — — —

8 0830 JTAGIE ICDIE — — — — — — — — — —

9 0832 — — — — — — — — — PTG3IE PTG2IE PTG1IE PT

0 0840 — T1IP<2:0> — OC1IP<2:0> — IC1IP<2:0>

1 0842 — T2IP<2:0> — OC2IP<2:0> — IC2IP<2:0>

2 0844 — U1RXIP<2:0> — SPI1IP<2:0> — SPI1EIP<2:0>

3 0846 — — — — — DMA1IP<2:0> — AD1IP<2:0>

4 0848 — CNIP<2:0> — CMIP<2:0> — MI2C1IP<2:0>

5 084A — — — — — — — — — — — —

6 084C — T4IP<2:0> — OC4IP<2:0> — OC3IP<2:0>

7 084E — U2TXIP<2:0> — U2RXIP<2:0> — INT2IP<2:0>

8 0850 — — — — — C1RXIP<2:0> — SPI2IP<2:0>

9 0852 — — — — — IC4IP<2:0> — IC3IP<2:0>

12 0858 — — — — — MI2C2IP<2:0> — SI2C2IP<2:0>

14 085C — — — — — QEI1IP<2:0> — PSEMIP<2:0>

16 0860 — CRCIP<2:0> — U2EIP<2:0> — U1EIP<2:0>

19 0866 — — — — — — — — — CTMUIP<2:0>

23 086E — PWM2IP<2:0> — PWM1IP<2:0> — — — —

24 0870 — — — — — — — — — — — —

gend: — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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 DEVICES ONLY

Bit 3 Bit 2 Bit 1 Bit 0
All 

Resets

F0BP<3:0> 0000

F4BP<3:0> 0000

F8BP<3:0> 0000

F12BP<3:0> 0000

MIDE — EID<17:16> xxxx

D<7:0> xxxx

MIDE — EID<17:16> xxxx

D<7:0> xxxx

MIDE — EID<17:16> xxxx

D<7:0> xxxx

EXIDE — EID<17:16> xxxx

D<7:0> xxxx

EXIDE — EID<17:16> xxxx

D<7:0> xxxx

EXIDE — EID<17:16> xxxx

D<7:0> xxxx

EXIDE — EID<17:16> xxxx

D<7:0> xxxx

EXIDE — EID<17:16> xxxx

D<7:0> xxxx

EXIDE — EID<17:16> xxxx

D<7:0> xxxx

EXIDE — EID<17:16> xxxx

D<7:0> xxxx

EXIDE — EID<17:16> xxxx

D<7:0> xxxx

EXIDE — EID<17:16> xxxx

D<7:0> xxxx

EXIDE — EID<17:16> xxxx

D<7:0> xxxx

EXIDE — EID<17:16> xxxx

D<7:0> xxxx

EXIDE — EID<17:16> xxxx
TABLE 4-23: ECAN1 REGISTER MAP WHEN WIN (C1CTRL1<0>) = 1 FOR dsPIC33EPXXXMC/GP50X

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 4

0400-
041E

See definition when WIN = x

C1BUFPNT1 0420 F3BP<3:0> F2BP<3:0> F1BP<3:0>

C1BUFPNT2 0422 F7BP<3:0> F6BP<3:0> F5BP<3:0>

C1BUFPNT3 0424 F11BP<3:0> F10BP<3:0> F9BP<3:0>

C1BUFPNT4 0426 F15BP<3:0> F14BP<3:0> F13BP<3:0>

C1RXM0SID 0430 SID<10:3> SID<2:0> —

C1RXM0EID 0432 EID<15:8> EI

C1RXM1SID 0434 SID<10:3> SID<2:0> —

C1RXM1EID 0436 EID<15:8> EI

C1RXM2SID 0438 SID<10:3> SID<2:0> —

C1RXM2EID 043A EID<15:8> EI

C1RXF0SID 0440 SID<10:3> SID<2:0> —

C1RXF0EID 0442 EID<15:8> EI

C1RXF1SID 0444 SID<10:3> SID<2:0> —

C1RXF1EID 0446 EID<15:8> EI

C1RXF2SID 0448 SID<10:3> SID<2:0> —

C1RXF2EID 044A EID<15:8> EI

C1RXF3SID 044C SID<10:3> SID<2:0> —

C1RXF3EID 044E EID<15:8> EI

C1RXF4SID 0450 SID<10:3> SID<2:0> —

C1RXF4EID 0452 EID<15:8> EI

C1RXF5SID 0454 SID<10:3> SID<2:0> —

C1RXF5EID 0456 EID<15:8> EI

C1RXF6SID 0458 SID<10:3> SID<2:0> —

C1RXF6EID 045A EID<15:8> EI

C1RXF7SID 045C SID<10:3> SID<2:0> —

C1RXF7EID 045E EID<15:8> EI

C1RXF8SID 0460 SID<10:3> SID<2:0> —

C1RXF8EID 0462 EID<15:8> EI

C1RXF9SID 0464 SID<10:3> SID<2:0> —

C1RXF9EID 0466 EID<15:8> EI

C1RXF10SID 0468 SID<10:3> SID<2:0> —

C1RXF10EID 046A EID<15:8> EI

C1RXF11SID 046C SID<10:3> SID<2:0> —

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



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
             

REGISTER 8-12: DMARQC: DMA REQUEST COLLISION STATUS REGISTER

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

— — — — — — — —

bit 15 bit 8

U-0 U-0 U-0 U-0 R-0 R-0 R-0 R-0

— — — — RQCOL3 RQCOL2 RQCOL1 RQCOL0

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 15-4 Unimplemented: Read as ‘0’

bit 3 RQCOL3: DMA Channel 3 Transfer Request Collision Flag bit

1 = User force and interrupt-based request collision is detected
0 = No request collision is detected

bit 2 RQCOL2: DMA Channel 2 Transfer Request Collision Flag bit

1 = User force and interrupt-based request collision is detected
0 = No request collision is detected

bit 1 RQCOL1: DMA Channel 1 Transfer Request Collision Flag bit

1 = User force and interrupt-based request collision is detected
0 = No request collision is detected

bit 0 RQCOL0: DMA Channel 0 Transfer Request Collision Flag bit

1 = User force and interrupt-based request collision is detected
0 = No request collision is detected
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
REGISTER 10-2: PMD2: PERIPHERAL MODULE DISABLE CONTROL REGISTER 2

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

— — — — IC4MD IC3MD IC2MD IC1MD

bit 15 bit 8

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

— — — — OC4MD OC3MD OC2MD OC1MD

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 IC4MD: Input Capture 4 Module Disable bit

1 = Input Capture 4 module is disabled
0 = Input Capture 4 module is enabled

bit 10 IC3MD: Input Capture 3 Module Disable bit

1 = Input Capture 3 module is disabled
0 = Input Capture 3 module is enabled

bit 9 IC2MD: Input Capture 2 Module Disable bit

1 = Input Capture 2 module is disabled
0 = Input Capture 2 module is enabled

bit 8 IC1MD: Input Capture 1 Module Disable bit

1 = Input Capture 1 module is disabled
0 = Input Capture 1 module is enabled

bit 7-4 Unimplemented: Read as ‘0’

bit 3 OC4MD: Output Compare 4 Module Disable bit

1 = Output Compare 4 module is disabled
0 = Output Compare 4 module is enabled

bit 2 OC3MD: Output Compare 3 Module Disable bit

1 = Output Compare 3 module is disabled
0 = Output Compare 3 module is enabled

bit 1 OC2MD: Output Compare 2 Module Disable bit

1 = Output Compare 2 module is disabled
0 = Output Compare 2 module is enabled

bit 0 OC1MD: Output Compare 1 Module Disable bit

1 = Output Compare 1 module is disabled
0 = Output Compare 1 module is enabled
DS70000657H-page 168  2011-2013 Microchip Technology Inc.



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
010 1000 I/O RP40 101 0101 — —

010 1001 I/O RP41 101 0110 — —

010 1010 I/O RP42 101 0111 — —

010 1011 I/O RP43 101 1000 — —

010 1100 I RPI44 101 1001 — —

101 1010 — — 110 1101 — —

101 1011 — — 110 1110 — —

101 1100 — — 110 1111 — —

101 1101 — — 111 0000 — —

101 1110 I RPI94 111 0001 — —

101 1111 I RPI95 111 0010 — —

110 0000 I RPI96 111 0011 — —

110 0001 I/O RP97 111 0100 — —

110 0010 — — 111 0101 — —

110 0011 — — 111 0110 I/O RP118

110 0100 — — 111 0111 I RPI119

110 0101 — — 111 1000 I/O RP120

110 0110 — — 111 1001 I RPI121

110 0111 — — 111 1010 — —

110 1000 — — 111 1011 — —

110 1001 — — 111 1100 — —

110 1010 — — 111 1101 — —

110 1011 — — 111 1110 — —

110 1100 — — 111 1111 — —

TABLE 11-2: INPUT PIN SELECTION FOR SELECTABLE INPUT SOURCES (CONTINUED)

Peripheral Pin 
Select Input 

Register Value

Input/
Output

Pin Assignment
Peripheral Pin 
Select Input 

Register Value

Input/
Output

Pin Assignment

Legend: Shaded rows indicate PPS Input register values that are unimplemented.

Note 1: See Section 11.4.4.1 “Virtual Connections” for more information on selecting this pin assignment.

2: These inputs are available on dsPIC33EPXXXGP/MC50X devices only.
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REGISTER 11-22: RPOR4: PERIPHERAL PIN SELECT OUTPUT REGISTER 4

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

— — RP43R<5:0>

bit 15 bit 8

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

— — RP42R<5:0>

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 15-14 Unimplemented: Read as ‘0’ 

bit 13-8 RP43R<5:0>: Peripheral Output Function is Assigned to RP43 Output Pin bits 
(see Table 11-3 for peripheral function numbers)

bit 7-6 Unimplemented: Read as ‘0’ 

bit 5-0 RP42R<5:0>: Peripheral Output Function is Assigned to RP42 Output Pin bits 
(see Table 11-3 for peripheral function numbers)

REGISTER 11-23: RPOR5: PERIPHERAL PIN SELECT OUTPUT REGISTER 5

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

— — RP55R<5:0>

bit 15 bit 8

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

— — RP54R<5:0>

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 15-14 Unimplemented: Read as ‘0’ 

bit 13-8 RP55R<5:0>: Peripheral Output Function is Assigned to RP55 Output Pin bits 
(see Table 11-3 for peripheral function numbers)

bit 7-6 Unimplemented: Read as ‘0’ 

bit 5-0 RP54R<5:0>: Peripheral Output Function is Assigned to RP54 Output Pin bits 
(see Table 11-3 for peripheral function numbers)
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bit 4-0 SYNCSEL<4:0>: Trigger/Synchronization Source Selection bits

11111 = OCxRS compare event is used for synchronization
11110 = INT2 pin synchronizes or triggers OCx
11101 = INT1 pin synchronizes or triggers OCx
11100 = CTMU module synchronizes or triggers OCx
11011 = ADC1 module synchronizes or triggers OCx
11010 = CMP3 module synchronizes or triggers OCx
11001 = CMP2 module synchronizes or triggers OCx
11000 = CMP1 module synchronizes or triggers OCx
10111 = Reserved
10110 = Reserved
10101 = Reserved
10100 = Reserved
10011 = IC4 input capture event synchronizes or triggers OCx
10010 = IC3 input capture event synchronizes or triggers OCx
10001 = IC2 input capture event synchronizes or triggers OCx
10000 = IC1 input capture event synchronizes or triggers OCx
01111 = Timer5 synchronizes or triggers OCx
01110 = Timer4 synchronizes or triggers OCx
01101 = Timer3 synchronizes or triggers OCx
01100 = Timer2 synchronizes or triggers OCx (default)
01011 = Timer1 synchronizes or triggers OCx
01010 = PTGOx synchronizes or triggers OCx(3)

01001 = Reserved
01000 = Reserved
00111 = Reserved
00110 = Reserved
00101 = Reserved
00100 = OC4 module synchronizes or triggers OCx(1,2)

00011 = OC3 module synchronizes or triggers OCx(1,2)

00010 = OC2 module synchronizes or triggers OCx(1,2)

00001 = OC1 module synchronizes or triggers OCx(1,2)

00000 = No Sync or Trigger source for OCx

REGISTER 15-2: OCxCON2: OUTPUT COMPARE x CONTROL REGISTER 2 (CONTINUED)

Note 1: Do not use the OCx module as its own Synchronization or Trigger source.

2: When the OCy module is turned OFF, it sends a trigger out signal. If the OCx module uses the OCy 
module as a Trigger source, the OCy module must be unselected as a Trigger source prior to disabling it.

3: Each Output Compare x module (OCx) has one PTG Trigger/Synchronization source. See Section 24.0 
“Peripheral Trigger Generator (PTG) Module” for more information.
PTGO0 = OC1
PTGO1 = OC2
PTGO2 = OC3
PTGO3 = OC4
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REGISTER 18-3: SPIXCON2: SPIX CONTROL REGISTER 2

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

FRMEN SPIFSD FRMPOL — — — — —

bit 15 bit 8

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

— — — — — — FRMDLY SPIBEN

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 FRMEN: Framed SPIx Support bit

1 = Framed SPIx support is enabled (SSx pin is used as Frame Sync pulse input/output)
0 = Framed SPIx support is disabled

bit 14 SPIFSD: Frame Sync Pulse Direction Control bit

1 = Frame Sync pulse input (slave)
0 = Frame Sync pulse output (master)

bit 13 FRMPOL: Frame Sync Pulse Polarity bit

1 = Frame Sync pulse is active-high
0 = Frame Sync pulse is active-low

bit 12-2 Unimplemented: Read as ‘0’

bit 1 FRMDLY: Frame Sync Pulse Edge Select bit

1 = Frame Sync pulse coincides with first bit clock
0 = Frame Sync pulse precedes first bit clock

bit 0 SPIBEN: Enhanced Buffer Enable bit

1 = Enhanced buffer is enabled
0 = Enhanced buffer is disabled (Standard mode)
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REGISTER 21-7: CxINTE: ECANx INTERRUPT ENABLE REGISTER

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

— — — — — — — —

bit 15 bit 8

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

IVRIE WAKIE ERRIE — FIFOIE RBOVIE RBIE TBIE

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 IVRIE: Invalid Message Interrupt Enable bit

1 = Interrupt request is enabled
0 = Interrupt request is not enabled

bit 6 WAKIE: Bus Wake-up Activity Interrupt Enable bit

1 = Interrupt request is enabled
0 = Interrupt request is not enabled

bit 5 ERRIE: Error Interrupt Enable bit

1 = Interrupt request is enabled
0 = Interrupt request is not enabled

bit 4 Unimplemented: Read as ‘0’

bit 3 FIFOIE: FIFO Almost Full Interrupt Enable bit

1 = Interrupt request is enabled
0 = Interrupt request is not enabled

bit 2 RBOVIE: RX Buffer Overflow Interrupt Enable bit

1 = Interrupt request is enabled
0 = Interrupt request is not enabled

bit 1 RBIE: RX Buffer Interrupt Enable bit

1 = Interrupt request is enabled
0 = Interrupt request is not enabled

bit 0 TBIE: TX Buffer Interrupt Enable bit

1 = Interrupt request is enabled
0 = Interrupt request is not enabled
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23.4 ADC Control Registers

REGISTER 23-1: AD1CON1: ADC1 CONTROL REGISTER 1

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

ADON — ADSIDL ADDMABM — AD12B FORM1 FORM0

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, HC, HS R/C-0, HC, HS

SSRC2 SSRC1 SSRC0 SSRCG SIMSAM ASAM SAMP DONE(3)

bit 7 bit 0

Legend: HC = Hardware Clearable bit 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 ADON: ADC1 Operating Mode bit

1 = ADC module is operating
0 = ADC is off

bit 14 Unimplemented: Read as ‘0’

bit 13 ADSIDL: ADC1 Stop in Idle Mode bit

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

bit 12 ADDMABM: DMA Buffer Build Mode bit

1 = DMA buffers are written in the order of conversion; the module provides an address to the DMA
channel that is the same as the address used for the non-DMA stand-alone buffer

0 = DMA buffers are written in Scatter/Gather mode; the module provides a Scatter/Gather address to
the DMA channel, based on the index of the analog input and the size of the DMA buffer.

bit 11 Unimplemented: Read as ‘0’

bit 10 AD12B: ADC1 10-Bit or 12-Bit Operation Mode bit

1 = 12-bit, 1-channel ADC operation
0 = 10-bit, 4-channel ADC operation

bit 9-8 FORM<1:0>: Data Output Format bits

For 10-Bit Operation:
11 = Signed fractional (DOUT = sddd dddd dd00 0000, where s = .NOT.d<9>)
10 = Fractional (DOUT = dddd dddd dd00 0000)
01 = Signed integer (DOUT = ssss sssd dddd dddd, where s = .NOT.d<9>)
00 = Integer (DOUT = 0000 00dd dddd dddd)

For 12-Bit Operation:
11 = Signed fractional (DOUT = sddd dddd dddd 0000, where s = .NOT.d<11>)
10 = Fractional (DOUT = dddd dddd dddd 0000)
01 = Signed integer (DOUT = ssss sddd dddd dddd, where s = .NOT.d<11>)
00 = Integer (DOUT = 0000 dddd dddd dddd)

Note 1: See Section 24.0 “Peripheral Trigger Generator (PTG) Module” for information on this selection.

2: This setting is available in dsPIC33EPXXXMC20X/50X and PIC24EPXXXMC20X devices only.

3: Do not clear the DONE bit in software if Auto-Sample is enabled (ASAM = 1).
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29.2 MPLAB XC Compilers

The MPLAB XC Compilers are complete ANSI C
compilers for all of Microchip’s 8, 16 and 32-bit MCU
and DSC devices. These compilers provide powerful
integration capabilities, superior code optimization and
ease of use. MPLAB XC Compilers run on Windows,
Linux or MAC OS X.

For easy source level debugging, the compilers provide
debug information that is optimized to the MPLAB X
IDE.

The free MPLAB XC Compiler editions support all
devices and commands, with no time or memory
restrictions, and offer sufficient code optimization for
most applications.

MPLAB XC Compilers include an assembler, linker and
utilities. The assembler generates relocatable object
files that can then be archived or linked with other
relocatable object files and archives to create an exe-
cutable file. MPLAB XC Compiler uses the assembler
to produce its object file. Notable features of the
assembler include:

• Support for the entire device instruction set

• Support for fixed-point and floating-point data

• Command-line interface

• Rich directive set

• Flexible macro language

• MPLAB X IDE compatibility

29.3 MPASM Assembler

The MPASM Assembler is a full-featured, universal
macro assembler for PIC10/12/16/18 MCUs. 

The MPASM Assembler generates relocatable object
files for the MPLINK Object Linker, Intel® standard HEX
files, MAP files to detail memory usage and symbol
reference, absolute LST files that contain source lines
and generated machine code, and COFF files for
debugging.

The MPASM Assembler features include:

• Integration into MPLAB X IDE projects

• User-defined macros to streamline 
assembly code

• Conditional assembly for multipurpose 
source files

• Directives that allow complete control over the 
assembly process

29.4 MPLINK Object Linker/
MPLIB Object Librarian

The MPLINK Object Linker combines relocatable
objects created by the MPASM Assembler. It can link
relocatable objects from precompiled libraries, using
directives from a linker script. 

The MPLIB Object Librarian manages the creation and
modification of library files of precompiled code. When
a routine from a library is called from a source file, only
the modules that contain that routine will be linked in
with the application. This allows large libraries to be
used efficiently in many different applications. 

The object linker/library features include:

• Efficient linking of single libraries instead of many 
smaller files

• Enhanced code maintainability by grouping 
related modules together

• Flexible creation of libraries with easy module 
listing, replacement, deletion and extraction

29.5 MPLAB Assembler, Linker and 
Librarian for Various Device 
Families

MPLAB Assembler produces relocatable machine
code from symbolic assembly language for PIC24,
PIC32 and dsPIC DSC devices. MPLAB XC Compiler
uses the assembler to produce its object file. The
assembler generates relocatable object files that can
then be archived or linked with other relocatable object
files and archives to create an executable file. Notable
features of the assembler include:

• Support for the entire device instruction set

• Support for fixed-point and floating-point data

• Command-line interface

• Rich directive set

• Flexible macro language

• MPLAB X IDE compatibility
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IICL Input Low Injection Current

DI60a 0 — -5(4,7) mA All pins except VDD, VSS, 
AVDD, AVSS, MCLR, VCAP 
and RB7

IICH Input High Injection Current

DI60b 0 — +5(5,6,7) mA All pins except VDD, VSS, 
AVDD, AVSS, MCLR, VCAP, 
RB7 and all 5V tolerant 
pins(6)

IICT Total Input Injection Current

DI60c (sum of all I/O and control 
pins)

-20(8) — +20(8) mA Absolute instantaneous sum 
of all ± input injection cur-
rents from all I/O pins
( | IICL + | IICH | )  IICT

TABLE 30-11: DC CHARACTERISTICS: I/O PIN INPUT SPECIFICATIONS (CONTINUED)

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

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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ote: The graphs provided following this note are a statistical summary based on a limited number of samples and are
only. The performance characteristics listed herein are not tested or guaranteed. In some graphs, the data presente
range (e.g., outside specified power supply range) and therefore, outside the warranted range.
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Note: For the most current package drawings, please see the Microchip Packaging Specification located at 

http://www.microchip.com/packaging
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Revision F (November 2012)

Removed “Preliminary” from data sheet footer.

Revision G (March 2013)

This revision includes the following global changes:

• changes “FLTx” pin function to “FLTx” on all 
occurrences

• adds Section 31.0 “High-Temperature Electrical 
Characteristics” for high-temperature (+150°C) 
data

This revision also includes minor typographical and
formatting changes throughout the text.

Other major changes are referenced by their respective
section in Table A-5.

TABLE A-5: MAJOR SECTION UPDATES

Section Name Update Description

Cover Section • Changes internal oscillator specification to 1.0%
• Changes I/O sink/source values to 12 mA or 6 mA
• Corrects 44-pin VTLA pin diagram (pin 32 now shows as 5V tolerant)

Section 4.0 “Memory 
Organization”

• Deletes references to Configuration Shadow registers
• Corrects the spelling of the JTAGIP and PTGWDTIP bits throughout
• Corrects the Reset value of all IOCON registers as C000h
• Adds footnote to Table 4-42 to indicate the absence of Comparator 3 in 28-pin 

devices

Section 6.0 “Resets” • Removes references to cold and warm Resets, and clarifies the initial configuration of 
the device clock source on all Resets

Section 7.0 “Interrupt 
Controller”

• Corrects the definition of GIE as “Global Interrupt Enable” (not “General”)

Section 9.0 “Oscillator 
Configuration”

• Clarifies the behavior of the CF bit when cleared in software
• Removes POR behavior footnotes from all control registers
• Corrects the tuning range of the TUN<5:0> bits in Register 9-4 to an overall range 

±1.5%

Section 13.0 “Timer2/3 and 
Timer4/5”

• Clarifies the presence of the ADC Trigger in 16-bit Timer3 and Timer5, as well as the 
32-bit timers

Section 15.0 “Output 
Compare”

• Corrects the first trigger source for SYNCSEL<4:0> (OCxCON2<4:0>) as OCxRS 
match

Section 16.0 “High-Speed 
PWM Module”

• Clarifies the source of the PWM interrupts in Figure 16-1
• Corrects the Reset states of IOCONx<15:14> in Register 16-13 as ‘11’

Section 17.0 “Quadrature 
Encoder Interface (QEI) 
Module”

• Clarifies the operation of the IMV<1:0> bits (QEICON<9:8>) with updated text and 
additional notes

• Corrects the first prescaler value for QFVDIV<2:0> (QEI1OC<13:11>), now 1:128

Section 23.0 “10-Bit/12-Bit 
Analog-to-Digital Converter 
(ADC)”

• Adds note to Figure 23-1 that Op Amp 3 is not available in 28-pin devices
• Changes “sample clock” to “sample trigger” in AD1CON1 (Register 23-1)
• Clarifies footnotes on op amp usage in Registers 23-5 and 23-6

Section 25.0 “Op Amp/
Comparator Module”

• Adds Note text to indicate that Comparator 3 is unavailable in 28-pin devices
• Splits Figure 25-1 into two figures for clearer presentation (Figure 25-1 for Op amp/

Comparators 1 through 3, Figure 25-2 for Comparator 4). Subsequent figures are 
renumbered accordingly.

• Corrects reference description in xxxxx (now (AVDD+AVSS)/2)
• Changes CMSTAT<15> in Register 25-1 to “PSIDL”

Section 27.0 “Special 
Features”

• Corrects the addresses of all Configuration bytes for 512 Kbyte devices
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