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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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Program Memory Type FLASH

EEPROM Size -

RAM Size 48K x 8

Voltage - Supply (Vcc/Vdd) -

Data Converters A/D 49x10b/12b
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dsPIC33EPXXXGM3XX/6XX/7XX
Pin Diagrams (Continued) 

121-Pin TFBGA(1) = Pins are up to 5V tolerant

dsPIC33EP128GM310/710
dsPIC33EP256GM310/710
dsPIC33EP512GM310/710

Note 1: Refer to Table 2 for full pin names.

1 2 3 4 5 6 7 8 9 10 11

A
RA10 RB13 RG13 RB10 RG0 RF1 VDD NC RD12 RC6 RB9

B NC RG15 RB12 RB11 RF7 RF0 VCAP RD5 RC7 VSS RB8

C
RB14 VDD RG12 RG14 RF6 NC RC9 RC8 NC RC13 RC10

D
RD1 RB15 RA7 NC NC NC RD6 RD13 RB7 NC RB6

E
RD4 RD3 RG6 RD2 NC RG1 NC RA15 RD8 RB5 RA14

F
MCLR RG8 RG9 RG7 VSS NC NC VDD RC12 VSS RC15

G
RE8 RE9 RG10 NC VDD VSS VSS NC RF5 RG3 RF4

H
RA12 RA11 NC NC NC VDD NC RA9 RC3 RC5 RG2

J
RA0 RA1 RB3 AVDD RC11 RG11 RE12 NC NC RE1 RC4

K
RB0 RB1 RF10 RC0 NC RF12 RE14 VDD RD15 RA4 RE0

L
RB2 RF9 AVSS RC1 RC2 RF13 RE13 RE15 RD14 RA8 RB4
DS70000689D-page 8  2013-2014 Microchip Technology Inc.
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Bit 3 Bit 2 Bit 1 Bit 0
All 

Resets

RIGMODE OCM2 OCM1 OCM0 0000

YNCSEL3 SYNCSEL2 SYNCSEL1 SYNCSEL0 000C

xxxx

xxxx

xxxx

RIGMODE OCM2 OCM1 OCM0 0000

YNCSEL3 SYNCSEL2 SYNCSEL1 SYNCSEL0 000C

xxxx

xxxx

xxxx

RIGMODE OCM2 OCM1 OCM0 0000

YNCSEL3 SYNCSEL2 SYNCSEL1 SYNCSEL0 000C

xxxx

xxxx

xxxx

RIGMODE OCM2 OCM1 OCM0 0000

YNCSEL3 SYNCSEL2 SYNCSEL1 SYNCSEL0 000C

xxxx

xxxx

xxxx

RIGMODE OCM2 OCM1 OCM0 0000

YNCSEL3 SYNCSEL2 SYNCSEL1 SYNCSEL0 000C

xxxx

xxxx

xxxx

RIGMODE OCM2 OCM1 OCM0 0000

YNCSEL3 SYNCSEL2 SYNCSEL1 SYNCSEL0 000C

xxxx

xxxx

xxxx
TABLE 4-6: OUTPUT COMPARE REGISTER MAP

SFR 
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

OC1CON1 0900 — — OCSIDL OCTSEL2 OCTSEL1 OCTSEL0 — ENFLTB ENFLTA — OCFLTB OCFLTA T

OC1CON2 0902 FLTMD FLTOUT FLTTRIEN OCINV — — — OC32 OCTRIG TRIGSTAT OCTRIS SYNCSEL4 S

OC1RS 0904 Output Compare 1 Secondary Register

OC1R 0906 Output Compare 1 Register

OC1TMR 0908 Output Compare 1 Timer Value Register

OC2CON1 090A — — OCSIDL OCTSEL2 OCTSEL1 OCTSEL0 — ENFLTB ENFLTA — OCFLTB OCFLTA T

OC2CON2 090C FLTMD FLTOUT FLTTRIEN OCINV — — — OC32 OCTRIG TRIGSTAT OCTRIS SYNCSEL4 S

OC2RS 090E Output Compare 2 Secondary Register

OC2R 0910 Output Compare 2 Register

OC2TMR 0912 Output Compare 2 Timer Value Register

OC3CON1 0914 — — OCSIDL OCTSEL2 OCTSEL1 OCTSEL0 — ENFLTB ENFLTA — OCFLTB OCFLTA T

OC3CON2 0916 FLTMD FLTOUT FLTTRIEN OCINV — — — OC32 OCTRIG TRIGSTAT OCTRIS SYNCSEL4 S

OC3RS 0918 Output Compare 3 Secondary Register

OC3R 091A Output Compare 3 Register

OC3TMR 091C Output Compare 3 Timer Value Register

OC4CON1 091E — — OCSIDL OCTSEL2 OCTSEL1 OCTSEL0 — ENFLTB ENFLTA — OCFLTB OCFLTA T

OC4CON2 0920 FLTMD FLTOUT FLTTRIEN OCINV — — — OC32 OCTRIG TRIGSTAT OCTRIS SYNCSEL4 S

OC4RS 0922 Output Compare 4 Secondary Register

OC4R 0924 Output Compare 4 Register

OC4TMR 0926 Output Compare 4 Timer Value Register

OC5CON1 0928 — — OCSIDL OCTSEL2 OCTSEL1 OCTSEL0 — ENFLTB ENFLTA — OCFLTB OCFLTA T

OC5CON2 092A FLTMD FLTOUT FLTTRIEN OCINV — — — OC32 OCTRIG TRIGSTAT OCTRIS SYNCSEL4 S

OC5RS 092C Output Compare 5 Secondary Register

OC5R 092E Output Compare 5 Register

OC5TMR 0930 Output Compare 5 Timer Value Register

OC6CON1 0932 — — OCSIDL OCTSEL2 OCTSEL1 OCTSEL0 — ENFLTB ENFLTA — OCFLTB OCFLTA T

OC6CON2 0934 FLTMD FLTOUT FLTTRIEN OCINV — — — OC32 OCTRIG TRIGSTAT OCTRIS SYNCSEL4 S

OC6RS 0936 Output Compare 6 Secondary Register

OC6R 0938 Output Compare 6 Register

OC6TMR 093A Output Compare 6 Timer Value Register

Legend: x = unknown value on Reset; — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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7XX DEVICES(1)

Bit 3 Bit 2 Bit 1 Bit 0
All 

Resets

CANCAP — — WIN 0480

DNCNT<4:0> 0000

4 ICODE3 ICODE2 ICODE1 ICODE0 0040

FSA3 FSA2 FSA1 FSA0 0000

4 FNRB3 FNRB2 FNRB1 FNRB0 0000

FIFOIF RBOVIF RBIF TBIF 0000

FIFOIE RBOVIE RBIE TBIE 0000

T4 RERRCNT3 RERRCNT2 RERRCNT1 RERRCNT0 0000

BRP3 BRP2 BRP1 BRP0 0000

H1 SEG1PH0 PRSEG2 PRSEG1 PRSEG0 0000

FFFF

0 F1MSK1 F1MSK0 F0MSK1 F0MSK0 0000

K0 F9MSK1 F9MSK0 F8MSK1 F8MSK0 0000

EVICES(1)

 4 Bit 3 Bit 2 Bit 1 Bit 0
All 

Resets

0000

0000

0000

0000

R0 TXREQ0 RTREN0 TX0PRI1 TX0PRI0 0000

R2 TXREQ2 RTREN2 TX2PRI1 TX2PRI0 0000

R4 TXREQ4 RTREN4 TX4PRI1 TX4PRI0 0000

R6 TXREQ6 RTREN6 TX6PRI1 TX6PRI0 xxxx

xxxx

xxxx
TABLE 4-23: CAN1 REGISTER MAP WHEN WIN (C1CTRL<0>) = 0 OR 1 FOR dsPIC33EPXXXGM60X/

SFR 
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

C1CTRL1 0400 — — CSIDL ABAT CANCKS REQOP2 REQOP1 REQOP0 OPMODE2 OPMODE1 OPMODE0 —

C1CTRL2 0402 — — — — — — — — — — —

C1VEC 0404 — — — FILHIT4 FILHIT3 FILHIT2 FILHIT1 FILHIT0 — ICODE6 ICODE5 ICODE

C1FCTRL 0406 DMABS2 DMABS1 DMABS0 — — — — — — — — FSA4

C1FIFO 0408 — — FBP5 FBP4 FBP3 FBP2 FBP1 FBP0 — — FNRB5 FNRB

C1INTF 040A — — TXBO TXBP RXBP TXWAR RXWAR EWARN IVRIF WAKIF ERRIF —

C1INTE 040C — — — — — — — — IVRIE WAKIE ERRIE —

C1EC 040E TERRCNT7 TERRCNT6 TERRCNT5 TERRCNT4 TERRCNT3 TERRCNT2 TERRCNT1 TERRCNT0 RERRCNT7 RERRCNT6 RERRCNT5 RERRCN

C1CFG1 0410 — — — — — — — — SJW1 SJW0 BRP5 BRP4

C1CFG2 0412 — WAKFIL — — — SEG2PH2 SEG2PH1 SEG2PH0 SEG2PHTS SAM SEG1PH2 SEG1P

C1FEN1 0414 FLTEN<15:0>

C1FMSKSEL1 0418 F7MSK1 F7MSK0 F6MSK1 F6MSK0 F5MSK1 F5MSK0 F4MSK1 F4MSK0 F3MSK1 F3MSK0 F2MSK1 F2MSK

C1FMSKSEL2 041A F15MSK1 F15MSK0 F14MSK1 F14MSK0 F13MSK1 F13MSK0 F12MSK1 F12MSK0 F11MSK1 F11MSK0 F10MSK1 F10MS

Legend: — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note 1: These registers are not present on dsPIC33EPXXXGM3XX devices.

TABLE 4-24: CAN1 REGISTER MAP WHEN WIN (C1CTRL<0>) = 0 FOR dsPIC33EPXXXGM60X/7XX D

SFR 
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

0400-
041E

See definition when WIN = x

C1RXFUL1 0420 RXFUL<15:0>

C1RXFUL2 0422 RXFUL<31:16>

C1RXOVF1 0428 RXOVF<15:0>

C1RXOVF2 042A RXOVF<31:16>

C1TR01CON 0430 TXEN1 TXABT1 TXLARB1 TXERR1 TXREQ1 RTREN1 TX1PRI1 TX1PRI0 TXEN0 TXABAT0 TXLARB0 TXER

C1TR23CON 0432 TXEN3 TXABT3 TXLARB3 TXERR3 TXREQ3 RTREN3 TX3PRI1 TX3PRI0 TXEN2 TXABAT2 TXLARB2 TXER

C1TR45CON 0434 TXEN5 TXABT5 TXLARB5 TXERR5 TXREQ5 RTREN5 TX5PRI1 TX5PRI0 TXEN4 TXABAT4 TXLARB4 TXER

C1TR67CON 0436 TXEN7 TXABT7 TXLARB7 TXERR7 TXREQ7 RTREN7 TX7PRI1 TX7PRI0 TXEN6 TXABAT6 TXLARB6 TXER

C1RXD 0440 CAN1 Receive Data Word

C1TXD 0442 CAN1 Transmit Data Word

Legend: x = unknown value on Reset; — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note 1: These registers are not present on dsPIC33EPXXXGM3XX devices.



dsPIC33EPXXXGM3XX/6XX/7XX
4.3.3 DATA MEMORY ARBITRATION AND 
BUS MASTER PRIORITY

EDS accesses from bus masters in the system are
arbitrated.

The arbiter for data memory (including EDS) arbitrates
between the CPU, the DMA and the ICD module. In the
event of coincidental access to a bus by the bus
masters, the arbiter determines which bus master
access has the highest priority. The other bus masters
are suspended and processed after the access of the
bus by the bus master with the highest priority.

By default, the CPU is Bus Master 0 (M0) with the
highest priority and the ICD is Bus Master 4 (M4) with
the lowest priority. The remaining bus master (DMA
Controller) is allocated to M3 (M1 and M2 are reserved
and cannot be used). The user application may raise or
lower the priority of the DMA Controller to be above that
of the CPU by setting the appropriate bits in the EDS
Bus Master Priority Control (MSTRPR) register. All bus
masters with raised priorities will maintain the same
priority relationship relative to each other (i.e., M1
being highest and M3 being lowest with M2 in
between). Also, all the bus masters with priorities below

that of the CPU maintain the same priority relationship
relative to each other. The priority schemes for bus
masters with different MSTRPR values are tabulated in
Table 4-65.

This bus master priority control allows the user
application to manipulate the real-time response of the
system, either statically during initialization or
dynamically in response to real-time events.

TABLE 4-65: DATA MEMORY BUS 
ARBITER PRIORITY

FIGURE 4-12: ARBITER ARCHITECTURE

Priority
MSTRPR<15:0> Bit Setting(1)

0x0000 0x0020

M0 (highest) CPU DMA

M1 Reserved CPU

M2 Reserved Reserved

M3 DMA Reserved

M4 (lowest) ICD ICD

Note 1: All other values of MSTRPR<15:0> are 
reserved.

ICDReserved

Data Memory Arbiter

M0 M1 M2 M3 M4

MSTRPR<15:0>

DMA CPU

SRAM
 2013-2014 Microchip Technology Inc. DS70000689D-page 95



dsPIC33EPXXXGM3XX/6XX/7XX
5.2 RTSP Operation

RTSP allows the user application to erase a single
page of memory, program a row and to program two
instruction words at a time. See Table 1 in the
“dsPIC33EPXXXGM3XX/6XX/7XX Product Family”
section for the page sizes of each device.

The Flash program memory array is organized into
rows of 64 instructions or 192 bytes. RTSP allows the
user application to erase a page of program memory,
which consists of eight rows (512 instructions) at a
time, and to program one row or two adjacent words at
a time. The 8-row erase pages and single row write
rows are edge-aligned, from the beginning of program
memory, on boundaries of 1536 bytes and 192 bytes,
respectively.

For more information on erasing and programming Flash
memory, refer to the “dsPIC33/PIC24 Family Reference
Manual”, “Flash Programming” (DS70609).

5.3 Programming Operations

A complete programming sequence is necessary for pro-
gramming or erasing the internal Flash in RTSP mode.
The processor stalls (waits) until the programming
operation is finished.

For erase and program times, refer to Parameters D137a
and D137b (Page Erase Time), and D138a and
D138b (Word Write Cycle Time), in Table 33-13.

Setting the WR bit (NVMCON<15>) starts the opera-
tion and the WR bit is automatically cleared when the
operation is finished.

5.3.1 PROGRAMMING ALGORITHM FOR 
FLASH PROGRAM MEMORY

Programmers can program two adjacent words
(24 bits x 2) of program Flash memory at a time on
every other word address boundary (0x000002,
0x000006, 0x00000A, etc.). To do this, it is necessary
to erase the page that contains the desired address of
the location the user wants to change. Programmers
can also program a row of data (64 instruction words/
192 bytes) at a time using the row programming feature
present in these devices. For row programming, the
source data is fetched directly from the data memory
(RAM) on these devices. Two new registers have been
provided to point to the RAM location where the source
data resides. The page that has the row to be pro-
grammed must first be erased before the programming
operation.

For protection against accidental operations, the write
initiate sequence for NVMKEY must be used to allow
any erase or program operation to proceed. After the
programming command has been executed, the user
application must wait for the programming time until
programming is complete. The two instructions follow-
ing the start of the programming sequence should be
NOPs.

Refer to the “dsPIC33/PIC24 Family Reference Man-
ual”, “Flash Programming” (DS70609) for details and
code examples on programming using RTSP.

5.4 Control Registers

Six SFRs are used to read and write the program Flash
memory: NVMCON, NVMKEY, NVMADR, NVMADRU,
NVMSRCADRL and NVMSRCADRH.

The NVMCON register (Register 5-1) controls which
blocks are to be erased, which memory type is to be
programmed and the start of the programming cycle.

NVMKEY (Register 5-4) is a write-only register that is
used for write protection. To start a programming or
erase sequence, the user application must
consecutively write 0x55 and 0xAA to the NVMKEY
register.

There are two NVM Address registers: NVMADRU and
NVMADR. These two registers, when concatenated,
form the 24-bit Effective Address (EA) of the selected
word for programming operations, or the selected page
for erase operations.

The NVMADRU register is used to hold the upper 8 bits
of the EA, while the NVMADR register is used to hold
the lower 16 bits of the EA.

The NVMSRCADRH and NVMSRCADRL registers are
used to hold the source address of the data in the data
memory that needs to be written to Flash memory.
DS70000689D-page 104  2013-2014 Microchip Technology Inc.



dsPIC33EPXXXGM3XX/6XX/7XX
 

REGISTER 7-4: INTCON2: INTERRUPT CONTROL REGISTER 2 

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

GIE DISI SWTRAP — — — — —

bit 15 bit 8

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

— — — — — INT2EP INT1EP INT0EP

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 GIE: Global Interrupt Enable bit

1 = Interrupts and associated IECx bits are enabled 
0 = Interrupts are disabled, but traps are still enabled

bit 14 DISI: DISI Instruction Status bit

1 = DISI instruction is active
0 = DISI instruction is not active

bit 13 SWTRAP: Software Trap Status bit

1 = Software trap is enabled
0 = Software trap is disabled

bit 12-3 Unimplemented: Read as ‘0’

bit 2 INT2EP: External Interrupt 2 Edge Detect Polarity Select bit

1 = Interrupt on negative edge 
0 = Interrupt on positive edge

bit 1 INT1EP: External Interrupt 1 Edge Detect Polarity Select bit

1 = Interrupt on negative edge 
0 = Interrupt on positive edge

bit 0 INT0EP: External Interrupt 0 Edge Detect Polarity Select bit

1 = Interrupt on negative edge 
0 = Interrupt on positive edge
 2013-2014 Microchip Technology Inc. DS70000689D-page 125
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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
 2013-2014 Microchip Technology Inc. DS70000689D-page 137



dsPIC33EPXXXGM3XX/6XX/7XX
             

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: Channel 3 Transfer Request Collision Flag bit

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

bit 2 RQCOL2: Channel 2 Transfer Request Collision Flag bit

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

bit 1 RQCOL1: Channel 1 Transfer Request Collision Flag bit

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

bit 0 RQCOL0: Channel 0 Transfer Request Collision Flag bit

1 = User FORCE and interrupt-based request collision are detected
0 = No request collision is detected
 2013-2014 Microchip Technology Inc. DS70000689D-page 139



dsPIC33EPXXXGM3XX/6XX/7XX
10.0 POWER-SAVING FEATURES

The dsPIC33EPXXXGM3XX/6XX/7XX devices provide
the ability to manage power consumption by
selectively managing clocking to the CPU and the
peripherals. In general, a lower clock frequency and
a reduction in the number of peripherals being
clocked constitutes lower consumed power.

The dsPIC33EPXXXGM3XX/6XX/7XX devices can
manage power consumption in four ways:

• Clock Frequency

• Instruction-Based Sleep and Idle modes

• Software-Controlled Doze mode

• Selective Peripheral Control in Software

Combinations of these methods can be used to selec-
tively tailor an application’s power consumption while
still maintaining critical application features, such as
timing-sensitive communications.

10.1 Clock Frequency and Clock 
Switching

The dsPIC33EPXXXGM3XX/6XX/7XX devices allow a
wide range of clock frequencies to be selected under
application control. If the system clock configuration is
not locked, users can choose low-power or high-
precision oscillators by simply changing the NOSCx
bits (OSCCON<10:8>). The process of changing a
system clock during operation, as well as limitations to
the process, are discussed in more detail in
Section 9.0 “Oscillator Configuration”.

10.2 Instruction-Based Power-Saving 
Modes

The dsPIC33EPXXXGM3XX/6XX/7XX devices have
two special power-saving modes that are entered
through the execution of a special PWRSAV
instruction. Sleep mode stops clock operation and
halts all code execution. Idle mode halts the CPU
and code execution, but allows peripheral modules
to continue operation. The assembler syntax of the
PWRSAV instruction is shown in Example 10-1.

Sleep and Idle modes can be exited as a result of an
enabled interrupt, WDT time-out or a device Reset. When
the device exits these modes, it is said to “wake-up”.

EXAMPLE 10-1: PWRSAV INSTRUCTION SYNTAX

Note 1: This data sheet summarizes the features
of the dsPIC33EPXXXGM3XX/6XX/7XX
family of devices. It is not intended to be a
comprehensive reference source. To
_complement the information in this data
sheet, refer to the “dsPIC33/PIC24 Family
Reference Manual”, “Watchdog Timer
and Power-Saving Modes” (DS70615),
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.

Note: SLEEP_MODE and IDLE_MODE are con-
stants defined in the Assembler Include
file for the selected device.

PWRSAV #SLEEP_MODE ; Put the device into Sleep mode
PWRSAV #IDLE_MODE ; Put the device into Idle mode
 2013-2014 Microchip Technology Inc. DS70000689D-page 153
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REGISTER 11-7: RPINR10: PERIPHERAL PIN SELECT INPUT REGISTER 10

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

— IC8R<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

— IC7R<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 IC8R<6:0>: Assign Input Capture 8 (IC8) to the Corresponding RPn Pin bits
(see Table 11-2 for input pin selection numbers)

1111100 = Input tied to RPI124
•
•
•
0000001 = Input tied to CMP1
0000000 = Input tied to VSS

bit 7 Unimplemented: Read as ‘0’ 

bit 6-0 IC7R<6:0>: Assign Input Capture 7 (IC7) to the Corresponding RPn Pin bits
(see Table 11-2 for input pin selection numbers)

1111100 = Input tied to RPI124
•
•
•
0000001 = Input tied to CMP1
0000000 = Input tied to VSS
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REGISTER 11-17: RPINR23: PERIPHERAL PIN SELECT INPUT REGISTER 23

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

— SS2R<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 15-7 Unimplemented: Read as ‘0’ 

bit 6-0 SS2R<6:0>: Assign SPI2 Slave Select (SS2) to the Corresponding RPn Pin bits
(see Table 11-2 for input pin selection numbers)

1111100 = Input tied to RPI124
•
•
•
0000001 = Input tied to CMP1
0000000 = Input tied to VSS
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bit 3-0 SEVTPS<3:0>: PWMx Special Event Trigger Output Postscaler Select bits(1)

1111 = 1:16 Postscaler generates the Special Event Trigger on every sixteenth compare match event
•
•
•
0001 = 1:2 Postscaler generates the Special Event Trigger on every second compare match event
0000 = 1:1 Postscaler generates the Special Event Trigger on every compare match event

REGISTER 16-5: STCON: PWMx SECONDARY TIME BASE CONTROL REGISTER (CONTINUED)

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 25.0 “Peripheral Trigger Generator (PTG) Module” for information on this selection.
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bit 6-4 INTDIV<2:0>: Timer Input Clock Prescale Select bits (interval timer, main timer (position counter), 
velocity counter and index counter internal clock divider select)(3)

111 = 1:128 prescale value
110 = 1:64 prescale value
101 = 1:32 prescale value
100 = 1:16 prescale value
011 = 1:8 prescale value
010 = 1:4 prescale value
001 = 1:2 prescale value
000 = 1:1 prescale value

bit 3 CNTPOL: Position and Index Counter/Timer Direction Select bit

1 = Counter direction is negative unless modified by external up/down signal
0 = Counter direction is positive unless modified by external up/down signal

bit 2 GATEN: External Count Gate Enable bit

1 = External gate signal controls position counter operation
0 = External gate signal does not affect position counter/timer operation

bit 1-0 CCM<1:0>: Counter Control Mode Selection bits

11 = Internal Timer mode with optional external count is selected
10 = External clock count with optional external count is selected
01 = External clock count with external up/down direction is selected 
00 = Quadrature Encoder Interface (x4 mode) Count mode is selected

REGISTER 17-1: QEIxCON: QEIx CONTROL REGISTER (CONTINUED)

Note 1: When CCM<1:0> = 10 or CCM<1:0> = 11, all of the QEI counters operate as timers and the PIMOD<2:0> 
bits are ignored.

2: When CCM<1:0> = 00, and QEAx and QEBx values match the Index Match Value (IMV), the POSCNTH 
and POSCNTL registers are reset.

3: The selected clock rate should be at least twice the expected maximum quadrature count rate.

4: The match value applies to the A and B inputs after the swap and polarity bits have been applied.
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bit 1 SPITBF: SPIx Transmit Buffer Full Status bit

1 = Transmit has not yet started, SPIxTXB is full
0 = Transmit has started, SPIxTXB is empty

Standard Buffer Mode:
Automatically set in hardware when the core writes to the SPIxBUF location, loading SPIxTXB.
Automatically cleared in hardware when the SPIx module transfers data from SPIxTXB to SPIxSR.

Enhanced Buffer Mode:
Automatically set in hardware when the CPU writes to the SPIxBUF location, loading the last available
buffer location. Automatically cleared in hardware when a buffer location is available for a CPU write
operation.

bit 0 SPIRBF: SPIx Receive Buffer Full Status bit

1 = Receive is complete, SPIxRXB is full
0 = Receive is incomplete, SPIxRXB is empty

Standard Buffer Mode:
Automatically set in hardware when SPIx transfers data from SPIxSR to SPIxRXB. Automatically
cleared in hardware when the core reads the SPIxBUF location, reading SPIxRXB.

Enhanced Buffer Mode:
Automatically set in hardware when SPIx transfers data from SPIxSR to the buffer, filling the last
unread buffer location. Automatically cleared in hardware when a buffer location is available for a
transfer from SPIxSR.

REGISTER 18-1: SPIxSTAT: SPIx STATUS AND CONTROL REGISTER (CONTINUED)
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REGISTER 19-2: I2CxSTAT: I2Cx STATUS REGISTER

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

ACKSTAT TRSTAT — — — BCL GCSTAT ADD10

bit 15 bit 8

R/C-0, HS R/C-0, HS R-0, HSC R/C-0, HSC R/C-0, HSC R-0, HSC R-0, HSC R-0, HSC

IWCOL I2COV D_A P S R_W RBF TBF

bit 7 bit 0

Legend: C = Clearable bit U = Unimplemented bit, read as ‘0’

R = Readable bit W = Writable bit HS = Hardware Settable bit HSC = Hardware Settable/Clearable bit

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

bit 15 ACKSTAT: Acknowledge Status bit 
(when operating as I2C™ master, applicable to master transmit operation)

1 = NACK received from slave
0 = ACK received from slave
Hardware sets or clears at the end of a slave Acknowledge.

bit 14 TRSTAT: Transmit Status bit (when operating as I2C master, applicable to master transmit operation)

1 = Master transmit is in progress (8 bits + ACK)
0 = Master transmit is not in progress
Hardware sets at the beginning of a master transmission. Hardware clears at the end of a slave Acknowledge.

bit 13-11 Unimplemented: Read as ‘0’

bit 10 BCL: Master Bus Collision Detect bit

1 = A bus collision has been detected during a master operation
0 = No collision
Hardware sets at detection of a bus collision.

bit 9 GCSTAT: General Call Status bit

1 = General call address was received
0 = General call address was not received
Hardware sets when address matches the general call address. Hardware clears at Stop detection.

bit 8 ADD10: 10-Bit Address Status bit

1 = 10-bit address was matched
0 = 10-bit address was not matched
Hardware sets at a match of the 2nd byte of a matched 10-bit address. Hardware clears at Stop detection.

bit 7 IWCOL: I2Cx Write Collision Detect bit

1 = An attempt to write to the I2CxTRN register failed because the I2C module is busy 
0 = No collision
Hardware sets at an occurrence of a write to I2CxTRN while busy (cleared by software).

bit 6 I2COV: I2Cx Receive Overflow Flag bit

1 = A byte was received while the I2CxRCV register was still holding the previous byte
0 = No overflow
Hardware sets at an attempt to transfer I2CxRSR to I2CxRCV (cleared by software).

bit 5 D_A: Data/Address bit (when operating as I2C slave)

1 = Indicates that the last byte received was data
0 = Indicates that the last byte received was a device address
Hardware clears at a device address match. Hardware sets by reception of a slave byte.

bit 4 P: Stop bit 

1 = Indicates that a Stop bit has been detected last
0 = Stop bit was not detected last
Hardware sets or clears when Start, Repeated Start or Stop is detected.
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REGISTER 27-10: ALRMVAL (WHEN ALRMPTR<1:0> = 00): ALARM MINUTES AND SECONDS 
VALUE REGISTER    

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

— MINTEN2 MINTEN1 MINTEN0 MINONE3 MINONE2 MINONE1 MINONE0

bit 15 bit 8

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

— SECTEN2 SECTEN1 SECTEN0 SECONE3 SECONE2 SECONE1 SECONE0

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 14-12 MINTEN<2:0>: Binary Coded Decimal Value of Minute’s Tens Digit bits

Contains a value from 0 to 5.

bit 11-8 MINONE<3:0>: Binary Coded Decimal Value of Minute’s Ones Digit bits

Contains a value from 0 to 9.

bit 7 Unimplemented: Read as ‘0’

bit 6-4 SECTEN<2:0>: Binary Coded Decimal Value of Second’s Tens Digit bits

Contains a value from 0 to 5.

bit 3-0 SECONE<3:0>: Binary Coded Decimal Value of Second’s Ones Digit bits

Contains a value from 0 to 9.
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30.5 Watchdog Timer (WDT)

For dsPIC33EPXXXGM3XX/6XX/7XX devices, the
WDT is driven by the LPRC oscillator. When the WDT
is enabled, the clock source is also enabled.

30.5.1 PRESCALER/POSTSCALER

The nominal WDT clock source from LPRC is 32 kHz.
This feeds a prescaler that can be configured for either
5-bit (divide-by-32) or 7-bit (divide-by-128) operation. The
prescaler is set by the WDTPRE Configuration bit. With a
32 kHz input, the prescaler yields a WDT time-out period
(TWDT), as shown in Parameter SY12 in Table 33-21.

A variable postscaler divides down the WDT prescaler
output and allows for a wide range of time-out periods.
The postscaler is controlled by the WDTPOST<3:0>
Configuration bits (FWDT<3:0>), which allow the
selection of 16 settings, from 1:1 to 1:32,768. Using the
prescaler and postscaler, time-out periods ranging from
1 ms to 131 seconds can be achieved.

The WDT, prescaler and postscaler are reset:

• On any device Reset

• On the completion of a clock switch, whether 
invoked by software (i.e., setting the OSWEN bit 
after changing the NOSCx bits) or by hardware 
(i.e., Fail-Safe Clock Monitor)

• When a PWRSAV instruction is executed 
(i.e., Sleep or Idle mode is entered)

• When the device exits Sleep or Idle mode to 
resume normal operation

• By a CLRWDT instruction during normal execution

30.5.2 SLEEP AND IDLE MODES

If the WDT is enabled, it continues to run during Sleep or
Idle modes. When the WDT time-out occurs, the device
wakes the device and code execution continues from
where the PWRSAV instruction was executed. The corre-
sponding SLEEP or IDLE bit (RCON<3,2>) needs to be
cleared in software after the device wakes up. 

30.5.3 ENABLING WDT

The WDT is enabled or disabled by the FWDTEN
Configuration bit in the FWDT Configuration register.
When the FWDTEN Configuration bit is set, the WDT is
always enabled. 

The WDT can be optionally controlled in software
when the FWDTEN Configuration bit has been
programmed to ‘0’. The WDT is enabled in software
by setting the SWDTEN control bit (RCON<5>). The
SWDTEN control bit is cleared on any device Reset.
The software WDT option allows the user application
to enable the WDT for critical code segments and
disable the WDT during non-critical segments for
maximum power savings.

The WDT flag bit, WDTO (RCON<4>), is not automati-
cally cleared following a WDT time-out. To detect
subsequent WDT events, the flag must be cleared in
software.

30.5.4 WDT WINDOW 

The Watchdog Timer has an optional Windowed mode
enabled by programming the WINDIS bit in the WDT
Configuration register (FWDT<6>). In the Windowed
mode (WINDIS = 0), the WDT should be cleared based
on the settings in the programmable Watchdog Timer
Window select bits (WDTWIN<1:0>).

FIGURE 30-2: WDT BLOCK DIAGRAM

Note: The CLRWDT and PWRSAV instructions
clear the prescaler and postscaler counts
when executed.

0

1

WDTPRE WDTPOST<3:0>

Watchdog Timer

Prescaler
(Divide-by-N1)

Postscaler
(Divide-by-N2)

Sleep/Idle

WDT 

WDT Window Select
WINDIS

WDT 

CLRWDT Instruction

SWDTEN

FWDTEN

LPRC Clock

RS RS

Wake-up

Reset

WDTWIN<1:0>

All Device Resets
Transition to New Clock Source
Exit Sleep or Idle Mode
PWRSAV Instruction
CLRWDT Instruction
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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 
currents from all I/O pins:
( | IICL | + | IICH | )  IICT

TABLE 33-10: 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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FIGURE 33-3: I/O TIMING CHARACTERISTICS   

FIGURE 33-4: BOR AND MASTER CLEAR RESET TIMING CHARACTERISTICS     

Note: Refer to Figure 33-1 for load conditions.

I/O Pin
(Input)

I/O Pin
(Output)

DI35

Old Value New Value

DI40

DO31
DO32

TABLE 33-20: I/O TIMING REQUIREMENTS 

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

Param
No.

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

DO31 TIOR Port Output Rise Time — 5 10 ns

DO32 TIOF Port Output Fall Time — 5 10 ns

DI35 TINP INTx Pin High or Low Time (input) 20 — — ns

DI40 TRBP CNx High or Low Time (input) 2 — — TCY

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

MCLR

(SY20)

BOR

(SY30)

TMCLR

TBOR

Reset Sequence

CPU Starts Fetching Code

Various Delays (depending on configuration)
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NOTES:
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