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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"

Obsolete

dsPIC

16-Bit

60 MIPs

CANbus, I2C, IrDA, LINbus, SPI, UART/USART
Brown-out Detect/Reset, DMA, POR, PWM, WDT
21

32KB (10.7K x 24)

FLASH

2K x 16

3V ~ 3.6V

A/D 6x10b/12b

Internal

-40°C ~ 125°C (TA)

Surface Mount

28-SSOP (0.209", 5.30mm Width)
28-SSOP
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

Pin Diagrams

28-Pin sPDIP/soIc/ssopt2)

MCLR

ANO/OA20UT/RAO | |

AN1/C2IN1+/RA1 [ |
PGED3/VREF-/AN2/C2IN1-/SST/RPI32/CTED2/RBO | |
PGEC3/VREF+/AN3/OA10UT/RPI33/CTED1/RBA [ |
PGEC1/AN4/C1IN1+/RPI34/RB2 [ |
PGED1/ANS/C1IN1-/RP35/RB3 [ |

vss [ |

OSCA/CLKIRA2 [ |

OSC2/CLKO/RA3 | |

RP36/RB4 i}

CVREF20/RP20/T1CK/RA4 [ |

voo | |

PGED2/ASDA2/RP37/RB5

MCLR

ANO/OA20UT/RAO | |

AN1/C2IN1+/RA1 [ |
PGED3/VREF-/AN2/C2IN1-/SST/RPI32/CTED2/RBO | |
PGEC3/VREF+/AN3/OA10UT/RPI3/CTED1/RB1 [ |
PGEC1/AN4/C1IN1+/RPI34/RB2 [ |
PGED1/AN5/C1IN1-/RP35/RB3 | |

vss [ |

OSC1/CLKI/RA2 [ |

0SC2/CLKO/RA3 [ |

FLT32/RP36/RB4 [l

CVREF20/RP20/T1CK/RA4 [ |

VDD [

PGED2/ASDA2/RP37/RB5

Note 1:

Ports” for more information.

JTAGEN bit field in Table 27-2.

The RPn/RPIn pins can be used by any remappable peripheral with some limitation. See Section 11.4
“Peripheral Pin Select (PPS)” for available peripherals and for information on limitations.

Every /0O port pin (RAx-RGXx) can be used as a Change Notification pin (CNAx-CNGx). See Section 11.0 “1/O

There is an internal pull-up resistor connected to the TMS pin when the JTAG interface is active. See the

Il = Pins are up to 5V tolerant

1 AVDD

2 AVss

3 RPI47/T5CK/RB15

4 «~ RPI46/T3CK/RB14
o

5 & 8 24 RPI45/CTPLS/RB13

o

6 Q o 23 RPI44/RB12

7 $% 22 [J] TDURP43RB11

8 & é 21 TDO/RP42/RB10
o W

9 8 § 20 Vcap

10 DU; z 19 Vss
©

TMS/ASDA1/SDI1/RP41/RB9®)
TCKI/CVREF10/ASCL1/SDO1/RP40/TACK/RB8
SCK1/RP39/INTO/RB7

PGEC2/ASCL2/RP38/RB6
1 AVDD
2 Avss
3 RPI47/PWM1L/TSCK/RB15
4 8 RPI46/PWM1H/T3CK/RB14
5 g § 24 ] RPI45/PWM2L/CTPLS/RB13
6  OF 23l RPI44/PWM2H/RB12
7 2% 22 )] TOVRP43/PWMILRB11
8 XZx 21 TDORP42PWM3H/RB10
9 % g 20 Veap
10 32 19]]vss
" % 18 il TMS/ASDA1/SDI1/RP41/RB9(
12 ° 17 | | TCK/CVREF10/ASCL1/SDO1/RP40/TACK/RBS

SCK1/RP39/INTO/RB7
PGEC2/ASCL2/RP38/RB6
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

Pin Diagrams (Continued)

44-pin VTLA®2:3)

Note 1:

to Vss externally.
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PGED3/VREF-/AN2/C2IN1-/SS1/RPI32/CTED2/RB0

PGECB3/VREF+/AN3/OA1OUT/RPI33/CTED1/RB1

The RPn/RPIn pins can be used by any remappable peripheral with some limitation. See Section 11.4

“Peripheral Pin Select (PPS)” for available peripherals and for information on limitations.

2:  Every I/O port pin (RAX-RGx) can be used as a Change Notification pin (CNAx-CNGx). See Section 11.0 “I/O
Ports” for more information.

3:  The metal pad at the bottom of the device is not connected to any pins and is recommended to be connected

4: There is an internal pull-up resistor connected to the TMS pin when the JTAG interface is active. See the
JTAGEN bit field in Table 27-2.

Il = Pins are up to 5V tolerant

FLT32/SCL2/RP36/RB4
SDA2/RPI24/RA8
OSC2/CLKO/RA3
OSC1/CLKI/RA2

Vss

VDD
ANB8/C3IN1+/U1RTS/BCLK1/FLT3/RC2
AN7/C3IN1-/C4IN1-/RCA1
AN6/OA30UT/C4IN1+/OCFB/RCO
PGED1/AN5/C1IN1-/RP35/RB3
PGEC1/AN4/C1IN1+/RPI34/RB2

© 2011-2013 Microchip Technology Inc.
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

FIGURE 3-2: PROGRAMMER’S MODEL
D15 DO
WO (WREG)H] )
W1
W2
W3
— %
W4
DSP Operand W5
Registers 3
W6
- W7 Working/Address
W8 Registers
DSP Address = W9
Registers W10
— W11
W12
W13
- PUSH d PCP. s Shad Frame Pointer/W14
v s and POP. s Shadows Stack PointerW15[0]
I:, Nested DO Stack
SPLIM [ 0]  stack Pointer Limit
AD39 AD31 AD15 ADO
DSP ACCA
Accumulators® ACCB
PC23 PCO
| 0 || ” 0 | Program Counter
7 0
TBLPAG Data Table Page Address
9 0
| DSRPAG | X Data Space Read Page Address
8 0
| DSWPAG | X Data Space Write Page Address
15 0
| RCOUNT | Repeat Loop Counter
15 0
DCOUNT
[é DOLoop Counter and Stack(®
23 0
0 DOSTART 0 DO Loop Start Address and Stack®
23
0 DOEND 0 DO Loop End Address and Stack(®
15 0
| CORCON | CPU Core Control Register

- SRL >
[oA®[0B®[sA®[sBM]0AB®|sABD DA DCJIPL2|IPL1|IPLO| rRal| NJov|z]c E STATUS Register

Note 1: This feature or bit is available on dsPIC33EPXXXMC20X/50X and dsPIC33EPXXXGP50X devices only.
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

3.7 CPU Control Registers

REGISTER 3-1: SR: CPU STATUS REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/C-0 R/C-0 R-0 R/W-0
oA os® SALA) sBt4) OABW sas®) DAW DC
bit 15 bit 8
RW-0%3)  RW-0%3)  R/W-0Z2) R-0 R/W-0 R/W-0 R/W-0 R/W-0
IPL2 IPL1 IPLO RA N ov z C
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 OA: Accumulator A Overflow Status bit(!)
1 = Accumulator A has overflowed
0 = Accumulator A has not overflowed
bit 14 OB: Accumulator B Overflow Status bit(!)
1 = Accumulator B has overflowed
0 = Accumulator B has not overflowed
bit 13 SA: Accumulator A Saturation ‘Sticky’ Status bit(4)
1 = Accumulator A is saturated or has been saturated at some time
0 = Accumulator A is not saturated
bit 12 SB: Accumulator B Saturation ‘Sticky’ Status bit(4)
1 = Accumulator B is saturated or has been saturated at some time
0 = Accumulator B is not saturated
bit 11 OAB: OA || OB Combined Accumulator Overflow Status bit(®)
1 = Accumulators A or B have overflowed
0 = Neither Accumulators A or B have overflowed
bit 10 SAB: SA || SB Combined Accumulator ‘Sticky’ Status bit(?)
1 = Accumulators A or B are saturated or have been saturated at some time
0 = Neither Accumulators A or B are saturated
bit 9 DA: DOLoop Active bit(H)
1 = DOloop is in progress
0 = DOloop is not in progress
bit 8 DC: MCU ALU Half Carry/Borrow bit

1 = A carry-out from the 4th low-order bit (for byte-sized data) or 8th low-order bit (for word-sized data)
of the result occurred

0 = No carry-out from the 4th low-order bit (for byte-sized data) or 8th low-order bit (for word-sized
data) of the result occurred

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.

DS70000657H-page 40 © 2011-2013 Microchip Technology Inc.




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® uso® EDT(1:2) DL2W DL1® pLo®

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
SATAW SATBW SATDW®) | ACCSAT® | |PL3G) SFA RND®D IF®

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()
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 DOLoop Termination Control bit(12)
1 = Terminates executing DOloop at end of current loop iteration
0 = No effect

bit 10-8 DL<2:0>: DOLoop Nesting Level Status bits(?)

111 =7 DOloops are active

001 =1 DOloop is active
000 = 0 DOloops are active
bit 7 SATA: ACCA Saturation Enable bit(%)

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

bit 6 SATB: ACCB Saturation Enable bit®
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 = Data Space write saturation is enabled
0 = Data Space write saturation is disabled

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

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

bit 3 IPL3: CPU Interrupt Priority Level Status bit 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.
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

FIGURE 4-13: DATA MEMORY MAP FOR PIC24EP64GP/MC20X/50X DEVICES

MSB LSB
Address 16 Bits Address
- -
MSB LSB
™ 0x0001 f 0x0000 —
4-Kbyte SFR Space
SFR Space | OxOFFE | OxOFFE
—  0x1001 | 0x1000 8-Kbyte
| Near
X Data RAM (X) Data Space
|
8-Kbyte Ox1FFF | Ox1FFE |
SRAM Space ox2001 [ — — — — — ] 0x2000
|
|
|
. Ox2FFF | O0x2FFE
0x3001 | 0x3000
|
|
|
|
|
0x8001 | — — — — — |l— — — — — 1 0x8000 )
|
X Data
Unimplemented (X)
| Optionally
| Mapped
| into Program
Memory Space
| (PSV)
|
|
OxFFFF | OxFFFE
| —

Note:  Memory areas are not shown to scale.
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TABLE 4-19: SPI1 AND SPI2 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 Bit 3 Bit 2 Bit 1 Bit O Re/zltlets
SPI1STAT | 0240 | SPIEN — SPISIDL — — SPIBEC<2:0> SRMPT | SPIROV | SRXMPT SISEL<2:0> SPITBF | SPIRBF | 0000
SPI1CON1 | 0242 — — — DISSCK | DISSDO | MODE16 SMP CKE SSEN CKP MSTEN SPRE<2:0> PPRE<1:0> 0000
SPI1CON2 | 0244 | FRMEN | SPIFSD | FRMPOL — — — — — — — — — — — FRMDLY | SPIBEN | 0000
SPI1BUF 0248 SPI1 Transmit and Receive Buffer Register 0000
SPI2STAT | 0260 | SPIEN — SPISIDL — — SPIBEC<2:0> SRMPT | SPIROV | SRXMPT SISEL<2:0> SPITBF | SPIRBF | 0000
SPI2CON1 | 0262 — — — DISSCK | DISSDO | MODE16 SMP CKE SSEN CKP MSTEN SPRE<2:0> PPRE<1:0> 0000
SPI2CON2 | 0264 | FRMEN | SPIFSD | FRMPOL — — — — — — — — — — — FRMDLY | SPIBEN | 0000
SPI2BUF 0268 SPI2 Transmit and Receive Buffer Register 0000
Legend: — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.

X0ZOW/dOXXXdAYZIIld ANV X0S/X0ZONXXXJIEEDIASP "XOSdOXXXJIEEDIASP



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

FIGURE 7-1:

dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
INTERRUPT VECTOR TABLE

Reset — GOTOInstruction

Reset — GOTO Address

Oscillator Fail Trap Vector

Address Error Trap Vector

Generic Hard Trap Vector

Stack Error Trap Vector

Math Error Trap Vector

DMAC Error Trap Vector

Generic Soft Trap Vector

Reserved

Decreasing Natural Order Priority

Interrupt Vector 0

IVT

Interrupt Vector 1

Interrupt Vector 52

Interrupt Vector 53

Interrupt Vector 54

Interrupt Vector 116

Interrupt Vector 117

Interrupt Vector 118

Interrupt Vector 119

Interrupt Vector 120

Interrupt Vector 244

Interrupt Vector 245

START OF CODE

0x000000
0x000002
0x000004
0x000006
0x000008
0x00000A
0x00000C
0x00000E
0x000010
0x000012
0x000014
0x000016

0x00007C
0x00007E
0x000080

0x0000FC
0x0000FE
0x000100
0x000102
0x000104

0x0001FC
0x0001FE
0x000200

See Table 7-1 for
Interrupt Vector Details
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

TABLE 7-1: INTERRUPT VECTOR DETAILS

Interrupt Source Ve;tor "j#Q IVT Address Interrupt Bit Location
Flag ‘ Enable | Priority
Highest Natural Order Priority

INTO — External Interrupt 0 8 0 0x000014 IFS0<0> | IEC0<0> IPC0<2:0>
IC1 — Input Capture 1 9 1 0x000016 IFS0<1> | IEC0<1> | IPC0<6:4>
OC1 - Output Compare 1 10 2 0x000018 IFS0<2> | IEC0<2> | IPC0<10:8>
T1 — Timer1 11 3 0x00001A IFS0<3> | IEC0<3> | IPC0<14:12>
DMAO — DMA Channel 0 12 4 0x00001C IFS0<4> | [EC0<4> | IPC1<2:0>
IC2 — Input Capture 2 13 5 0x00001E IFS0<5> | [IEC0O<5> | IPC1<6:4>
OC2 - Output Compare 2 14 6 0x000020 IFS0<6> | IEC0<6> | IPC1<10:8>
T2 — Timer2 15 7 0x000022 IFS0<7> | IECO<7> | IPC1<14:12>
T3 — Timer3 16 8 0x000024 IFS0<8> | IEC0<8> | IPC2<2:0>
SPI1E — SPI1 Error 17 9 0x000026 IFS0<9> | IEC0<9> | IPC2<6:4>
SPI1 — SPI1 Transfer Done 18 10 0x000028 IFS0<10> |IEC0<10>| IPC2<10:8>
U1RX — UART1 Receiver 19 1 0x00002A IFS0<11> | [EC0<11>| IPC2<14:12>
U1TX — UART1 Transmitter 20 12 0x00002C IFS0<12>|IEC0<12>| [IPC3<2:0>
AD1 — ADC1 Convert Done 21 13 0x00002E IFS0<13>|IEC0<13>| IPC3<6:4>
DMA1 — DMA Channel 1 22 14 0x000030 IFS0<14>||IEC0<14>| IPC3<10:8>
Reserved 23 15 0x000032 — — —
SI12C1 - 12C1 Slave Event 24 16 0x000034 IFS1<0> | IEC1<0> | [PC4<2:0>
MI2C1 — 12C1 Master Event 25 17 0x000036 IFS1<1> | IEC1<1> | [IPC4<6:4>
CM — Comparator Combined Event 26 18 0x000038 IFS1<2> | IEC1<2> | IPC4<10:8>
CN - Input Change Interrupt 27 19 0x00003A IFS1<3> | IEC1<3> | IPC4<14:12>
INT1 — External Interrupt 1 28 20 0x00003C IFS1<4> | [EC1<4> | IPC5<2:0>
Reserved 29-31 | 21-23 | 0x00003E-0x000042 — — —
DMA2 — DMA Channel 2 32 24 0x000044 IFS1<8> | IEC1<8> | IPC6<2:0>
OC3 - Output Compare 3 33 25 0x000046 IFS1<9> | IEC1<9> | |PC6<6:4>
OC4 — Output Compare 4 34 26 0x000048 IFS1<10> [IEC1<10>| IPC6<10:8>
T4 — Timer4 35 27 0x00004A IFS1<11> | IEC1<11>| IPC6<14:12>
T5 — Timer5 36 28 0x00004C IFS1<12>|IEC1<12>| IPC7<2:0>
INT2 — External Interrupt 2 37 29 0x00004E IFS1<13> |IEC1<13>| IPC7<6:4>
U2RX — UART2 Receiver 38 30 0x000050 IFS1<14>|IEC1<14>| IPC7<10:8>
U2TX — UART2 Transmitter 39 31 0x000052 IFS1<15> | IEC1<15>| IPC7<14:12>
SPI2E — SPI2 Error 40 32 0x000054 IFS2<0> | IEC2<0> | IPC8<2:0>
SPI2 — SPI2 Transfer Done 41 33 0x000056 IFS2<1> | IEC2<1> | [PC8<6:4>
C1RX — CAN1 RX Data Ready® 42 34 0x000058 IFS2<2> | [IEC2<2> | IPC8<10:8>
C1 - CAN1 Event® 43 35 0x00005A IFS2<3> | [EC2<3> | IPC8<14:12>
DMAS3 — DMA Channel 3 44 36 0x00005C IFS2<4> | |[EC2<4> | |IPC9<2:0>
IC3 — Input Capture 3 45 37 0x00005E IFS2<5> | IEC2<5> | |IPC9<6:4>
IC4 — Input Capture 4 46 38 0x000060 IFS2<6> | IEC2<6> | IPC9<10:8>
Reserved 47-56 | 39-48 | 0x000062-0x000074 — — —
SI2C2 - 12C2 Slave Event 57 49 0x000076 IFS3<1> | IEC3<1> | IPC12<6:4>
MI2C2 — 12C2 Master Event 58 50 0x000078 IFS3<2> | [EC3<2> | IPC12<10:8>
Reserved 59-64 | 51-56 | 0x00007A-0x000084 — — —
PSEM — PWM Special Event Match® 65 57 0x000086 IFS3<9> | IEC3<9> | IPC14<6:4>

Note 1: This interrupt source is available on dsPIC33EPXXXGP50X and dsPIC33EPXXXMC50X devices only.
2: This interrupt source is available on dsPIC33EPXXXMC20X/50X and PIC24EPXXXMC20X devices only.
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

10.21 SLEEP MODE
The following occurs in Sleep mode:

* The system clock source is shut down. If an
on-chip oscillator is used, it is turned off.

» The device current consumption is reduced to a
minimum, provided that no I/O pin is sourcing
current.

» The Fail-Safe Clock Monitor does not operate,
since the system clock source is disabled.

» The LPRC clock continues to run in Sleep mode if
the WDT is enabled.

» The WDT, if enabled, is automatically cleared
prior to entering Sleep mode.

» Some device features or peripherals can continue
to operate. This includes items such as the Input
Change Notification (ICN) on the 1/O ports or
peripherals that use an external clock input.

* Any peripheral that requires the system clock
source for its operation is disabled.

The device wakes up from Sleep mode on any of these
events:

* Any interrupt source that is individually enabled
* Any form of device Reset
« AWDT time-out

On wake-up from Sleep mode, the processor restarts
with the same clock source that was active when Sleep
mode was entered.

For optimal power savings, the internal regulator and
the Flash regulator can be configured to go into
Standby when Sleep mode is entered by clearing the
VREGS (RCON<8>) and VREGSF (RCON<11>) bits
(default configuration).

If the application requires a faster wake-up time, and
can accept higher current requirements, the VREGS
(RCON<8>) and VREGSF (RCON<11>) bits can be set
to keep the internal regulator and the Flash regulator
active during Sleep mode.

10.2.2 IDLE MODE
The following occurs in Idle mode:

» The CPU stops executing instructions.

« The WDT is automatically cleared.

» The system clock source remains active. By
default, all peripheral modules continue to operate
normally from the system clock source, but can
also be selectively disabled (see Section 10.4
“Peripheral Module Disable”).

* |fthe WDT or FSCM is enabled, the LPRC also
remains active.

The device wakes from Idle mode on any of these
events:

* Any interrupt that is individually enabled
* Any device Reset
* AWDT time-out

On wake-up from Idle mode, the clock is reapplied to
the CPU and instruction execution will begin (2-4 clock
cycles later), starting with the instruction following the
PWRSAV instruction or the first instruction in the
Interrupt Service Routine (ISR).

All peripherals also have the option to discontinue
operation when Idle mode is entered to allow for
increased power savings. This option is selectable in
the control register of each peripheral; for example, the
TSIDL bit in the Timer1 Control register (T1CON<13>).

10.2.3 INTERRUPTS COINCIDENT WITH
POWER SAVE INSTRUCTIONS

Any interrupt that coincides with the execution of a
PWRSAV instruction is held off until entry into Sleep or
Idle mode has completed. The device then wakes up
from Sleep or Idle mode.
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REGISTER 11-9: RPINR15: PERIPHERAL PIN SELECT INPUT REGISTER 15
(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
- ] HOME1R<6:0>
bit 15 bit 8
uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— INDX1R<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 HOME1R<6:0>: Assign QEI1 HOME1 (HOME1) to the Corresponding RPn Pin bits

(see Table 11-2 for input pin selection numbers)
1111001 = Input tied to RP1121

0000001 = Input tied to CMP1
0000000 = Input tied to Vss
bit 7 Unimplemented: Read as ‘0’
bit 6-0 IND1XR<6:0>: Assign QEI1 INDEX1 (INDX1) to the Corresponding RPn Pin bits
(see Table 11-2 for input pin selection numbers)
1111001 = Input tied to RP1121

0000001 = Input tied to CMP1
0000000 = Input tied to Vss

DS70000657H-page 190 © 2011-2013 Microchip Technology Inc.




dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

REGISTER 11-20: RPORZ2: PERIPHERAL PIN SELECT OUTPUT REGISTER 2

U-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — RP39R<5:0>
bit 15 bit 8
uU-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — RP38R<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’ = Bitis cleared x = Bit is unknown
bit 15-14 Unimplemented: Read as ‘0’
bit 13-8 RP39R<5:0>: Peripheral Output Function is Assigned to RP39 Output Pin bits
(see Table 11-3 for peripheral function numbers)
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 RP38R<5:0>: Peripheral Output Function is Assigned to RP38 Output Pin bits

(see Table 11-3 for peripheral function numbers)

REGISTER 11-21: RPOR3: PERIPHERAL PIN SELECT OUTPUT REGISTER 3

U-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — RP41R<5:0>
bit 15 bit 8
uU-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — RP40R<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’ = Bitis cleared x = Bit is unknown
bit 15-14 Unimplemented: Read as ‘0’
bit 13-8 RP41R<5:0>: Peripheral Output Function is Assigned to RP41 Output Pin bits
(see Table 11-3 for peripheral function numbers)
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 RP40R<5:0>: Peripheral Output Function is Assigned to RP40 Output Pin bits

(see Table 11-3 for peripheral function numbers)
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REGISTER 21-7:

CXINTE: ECANx INTERRUPT ENABLE REGISTER

u-0 uU-0 u-0 uU-0 u-0 uU-0 uU-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
bit 7

bit 6

bit 5

bit 4
bit 3

bit 2

bit 1

bit 0

Unimplemented: Read as ‘0’

IVRIE: Invalid Message Interrupt Enable bit

1 = Interrupt request is enabled

0 = Interrupt request is not enabled

WAKIE: Bus Wake-up Activity Interrupt Enable bit
1 = Interrupt request is enabled

0 = Interrupt request is not enabled

ERRIE: Error Interrupt Enable bit

1 = Interrupt request is enabled

0 = Interrupt request is not enabled
Unimplemented: Read as ‘0’

FIFOIE: FIFO Almost Full Interrupt Enable bit
1 = Interrupt request is enabled

0 = Interrupt request is not enabled

RBOVIE: RX Buffer Overflow Interrupt Enable bit
1 = Interrupt request is enabled

0 = Interrupt request is not enabled

RBIE: RX Buffer Interrupt Enable bit

1 = Interrupt request is enabled

0 = Interrupt request is not enabled

TBIE: TX Buffer Interrupt Enable bit

1 = Interrupt request is enabled
0 = Interrupt request is not enabled
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TABLE 30-8:

DC CHARACTERISTICS: POWER-DOWN CURRENT (IPD)

DC CHARACTERISTICS

Operating temperature

Standard Operating Conditions: 3.0V to 3.6V
(unless otherwise stated)

-40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended

Parargeter Typ. Max. Units Conditions
Power-Down Current (|PD)(1)— dsPIC33EP32GP50X, dsPIC33EP32MC20X/50X and PIC24EP32GP/MC20X
DC60d 30 100 pA -40°C
DC60a 35 100 pA +25°C
DC60b 150 200 pA +85°C 3.3V
DC60c 250 500 pA +125°C
Power-Down Current (IPD)(l)— dsPIC33EP64GP50X, dsPIC33EP64MC20X/50X and PIC24EP64GP/MC20X
DC60d 25 100 pA -40°C
DC60a 30 100 pA +25°C 3.3V
DC60b 150 350 pA +85°C
DC60c 350 800 pA +125°C
Power-Down Current (IPD)(l)— dsPIC33EP128GP50X, dsPIC33EP128MC20X/50X and PIC24EP128GP/MC20X
DC60d 30 100 pA -40°C
DC60a 35 100 pA +25°C 3.3V
DC60b 150 350 pA +85°C
DC60c 550 1000 pA +125°C
Power-Down Current (|PD)(1)— dsPIC33EP256GP50X, dsPIC33EP256MC20X/50X and PIC24EP256GP/MC20X
DC60d 35 100 pA -40°C
DC60a 40 100 pA +25°C 3.3V
DC60b 250 450 pA +85°C
DC60c 1000 1200 pA +125°C
Power-Down Current (IPD)(l)— dsPIC33EP512GP50X, dsPIC33EP512MC20X/50X and PIC24EP512GP/MC20X
DC60d 40 100 pA -40°C
DC60a 45 100 pA +25°C 3.3V
DC60b 350 800 pA +85°C
DC60c 1100 1500 pA +125°C
Note 1. IPD (Sleep) current is measured as follows:

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

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

All I/O pins are configured as inputs and pulled to Vss
MCLR = VbD, WDT and FSCM are disabled

All peripheral modules are disabled (PMDx bits are all set)
The VREGS bit (RCON<8>) = 0 (i.e., core regulator is set to standby while the device is in Sleep

mode)

The VREGSF bit (RCON<11>) = 0 (i.e., Flash regulator is set to standby while the device is in Sleep

mode)

JTAG is disabled
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TABLE 30-14: DC CHARACTERISTICS: PROGRAM MEMORY

DC CHARACTERISTICS

Standard Operating Conditions: 3.0V to 3.6V

(unless otherwise stated)

Operating temperature

-40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended

Param

No. Symbol Characteristic Min. Typ.(l) Max. | Units Conditions
Program Flash Memory
D130 EP Cell Endurance 10,000 — — E/W |[-40°C to +125°C
D131 VPR VDD for Read 3.0 — 3.6 \Y,
D132b |VPEw |VDD for Self-Timed Write 3.0 — 3.6 \Y,
D134 TRETD |Characteristic Retention 20 — — Year |Provided no other specifications
are violated, -40°C to +125°C
D135 IbDP Supply Current during — 10 — mA
Programming(?
D136 IPEAK Instantaneous Peak Current — — 150 mA
During Start-up
D137a |TPE Page Erase Time 17.7 — 22.9 ms | TPE = 146893 FRC cycles,
TA = +85°C (See Note 3)
D137b |TPE Page Erase Time 17.5 — 231 ms | TPE = 146893 FRC cycles,
TA = +125°C (See Note 3)
D138a |Tww Word Write Cycle Time 41.7 — 53.8 pus | Tww = 346 FRC cycles,
TA = +85°C (See Note 3)
D138b |Tww Word Write Cycle Time 41.2 — 54.4 pus | Tww = 346 FRC cycles,
TA = +125°C (See Note 3)
Note 1: Datain “Typical” column is at 3.3V, +25°C unless otherwise stated.
2: Parameter characterized but not tested in manufacturing.
3: Other conditions: FRC = 7.37 MHz, TUN<5:0>=011111 (for Minimum), TUN<5:0> = 100000 (for

Maximum). This parameter depends on the FRC accuracy (see Table 30-19) and the value of the FRC
Oscillator Tuning register (see Register 9-4). For complete details on calculating the Minimum and

Maximum time, see Section 5.3 “Programming Operations”.
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FIGURE 30-12:

QEA/QEB INPUT CHARACTERISTICS

(dsPIC33EPXXXMC20X/50X and PIC24EPXXXMC20X DEVICES ONLY)
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TABLE 30-31: QUADRATURE DECODER TIMING REQUIREMENTS
(dsSPIC33EPXXXMC20X/50X and PIC24EPXXXMC20X DEVICES ONLY)

Standard Operating Conditions: 3.0V to 3.6V
(unless otherwise stated)
AC CHARACTERISTICS Operating temperature  -40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended
Pilrc?m Symbol Characteristic() Typ.® Max. Units Conditions
TQ30 TaulL Quadrature Input Low Time 6 Tcy — ns
TQ31 TauH Quadrature Input High Time 6 Tcy — ns
TQ35 TauIN Quadrature Input Period 12 Tey — ns
TQ36 TaQuP Quadrature Phase Period 3 Tey — ns
TQ40 TQuFL Filter Time to Recognize Low, 3*N*Tcy — ns N=1,2,4,16,32, 64,128
with Digital Filter and 256 (Note 3)
TQ41 TQuFH Filter Time to Recognize High, 3*N*Tcy — ns N=1,2, 4,616, 32, 64,128
with Digital Filter and 256 (Note 3)
Note 1: These parameters are characterized but not tested in manufacturing.
2: Data in “Typical” column is at 3.3V, +25°C unless otherwise stated. Parameters are for design guidance
only and are not tested.
3: N =Index Channel Digital Filter Clock Divide Select bits. Refer to “Quadrature Encoder Interface (QEI)”

(DS70601) in the “dsPIC33/PIC24 Family Reference Manual’. Please see the Microchip web site for the

latest family reference manual sections.
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FIGURE 30-17: SPI12 MASTER MODE (FULL-DUPLEX, CKE =0, CKP = x, SMP =1)
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TABLE 30-36: SPI2 MASTER MODE (FULL-DUPLEX, CKE =0, CKP =x, SMP =1)

TIMING REQUIREMENTS

Standard Operating Conditions: 3.0V to 3.6V
unless otherwise stated
AC CHARACTERISTICS (Operating temperature -)40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended
Param. | Symbol Characteristic() Min. Typ.(z) Max. Units Conditions
SP10 FscP Maximum SCK2 Frequency — — 9 MHz |-40°C to +125°C
(Note 3)
SP20 TscF SCK2 OQutput Fall Time — — — ns See Parameter DO32
(Note 4)
SP21 TscR SCK2 Output Rise Time — — — ns See Parameter DO31
(Note 4)
SP30 TdoF SDO2 Data Output Fall Time — — — ns See Parameter DO32
(Note 4)
SP31 TdoR SDO2 Data Output Rise Time — — — ns See Parameter DO31
(Note 4)
SP35 TscH2doV, | SDO2 Data Output Valid after — 6 20 ns
TscL2doV | SCK2 Edge
SP36 TdoV2scH, | SDO2 Data Output Setup to 30 — — ns
TdoV2scL |First SCK2 Edge
SP40 TdiV2scH, | Setup Time of SDI2 Data 30 — — ns
TdiV2scL |Input to SCK2 Edge
SP41 TscH2diL, |Hold Time of SDI2 Data Input 30 — — ns
TscL2diL |to SCK2 Edge
Note 1: These parameters are characterized, but are not tested in manufacturing.
2: Data in “Typical” column is at 3.3V, +25°C unless otherwise stated.
3:  The minimum clock period for SCK2 is 111 ns. The clock generated in Master mode must not violate this
specification.
4: Assumes 50 pF load on all SPI2 pins.
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TABLE 30-53: OP AMP/COMPARATOR 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

P?\:sm Symbol Characteristic Min. Typ.® Max. Units Conditions
Op Amp DC Characteristics
CM40 |VCMR Common-Mode Input AVss — AVDD \%
Voltage Range
CM41 |CMRR Common-Mode — 40 — db |Vcm = AVDD/2
Rejection Ratio®
CM42 |VOFFSET Op Amp Offset — 5 — mV
Voltage®
CM43 |VGAIN Open-Loop Voltage — 90 — db
Gain®
CM44 |los Input Offset Current — — — — |See pad leakage
currents in Table 30-11
CM45 |IB Input Bias Current — — — — |See pad leakage
currents in Table 30-11
CM46 |louTt Output Current — — 420 MA | With minimum value of
RFEEDBACK (CM48)
CM48 |RFEEDBACK |Feedback Resistance 8 — — kQ
Value
CM49a|Voapc Output Voltage AVss +0.077| — |AVDD-0.077| V |lout =420 pA
Measured at OAx Using |AVss + 0.037| — |[AVDD-0.037| V |louT =200 pA
ADC(34) AVss +0.018| — |AVDD-0.018| V |louT =100 pA
CM49b|VouTt Output Voltage AVss +0.210) — |AVDD-0.210| V |lout =420 pA
Measured at OAXOUT  |AVss + 0.100f — |AVDD-0.100( V |louT =200 pA
Pin(3:45) AVss +0.050] — |AVDD-0.050 V |louT =100 pA
CM51 |RINT1®)  |Internal Resistance 1 198 264 317 Q  [Min =-40°C
(Configuration A Typ = +25°C
and B)(345) Max = +125°C
Note 1: Device is functional at VBORMIN < VDD < VDDMIN, but will have degraded performance. Device functionality
is tested, but not characterized. Analog modules (ADC, op amp/comparator and comparator voltage
reference) may have degraded performance. Refer to Parameter BO10 in Table 30-13 for the minimum and
maximum BOR values.
2: Datain “Typ” column is at 3.3V, +25°C unless otherwise stated.
3: Parameter is characterized but not tested in manufacturing.
4: See Figure 25-6 for configuration information.
5: See Figure 25-7 for configuration information.
6: Resistances can vary by +10% between op amps.
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Revision C (December 2011)

This revision includes typographical and formatting
changes throughout the data sheet text.

In addition, where applicable, new sections were added
to each peripheral chapter that provide information and
links to related resources, as well as helpful tips. For
examples, see Section 20.1 “UART Helpful Tips”
and Section 3.6 “CPU Resources”.

All occurrences of TLA were updated to VTLA
throughout the document, with the exception of the pin
diagrams (updated diagrams were not available at time
of publication).

A new chapter, Section 31.0 “DC and AC Device
Characteristics Graphs”, was added.

All other major changes are referenced by their
respective section in Table A-2.

TABLE A-2:

MAJOR SECTION UPDATES

Section Name

Update Description

“16-bit Microcontrollers
and Digital Signal
Controllers (up to
256-Kbyte Flash and
32-Kbyte SRAM) with High-
Speed PWM, Op amps, and
Advanced Analog”

The content on the first page of this section was extensively reworked to provide the
reader with the key features and functionality of this device family in an “at-a-glance”
format.

Section 1.0 “Device
Overview”

Updated the dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X, and
PIC24EPXXXGP/MC20X Block Diagram (see Figure 1-1), which now contains a CPU
block and a reference to the CPU diagram.

Updated the description and Note references in the Pinout I/0O Descriptions for these
pins: C1IN2-, C2IN2-, C3IN2-, OA10UT, OA20UT, and OA30UT (see Table 1-1).

Section 2.0 “Guidelines for
Getting Started with 16-bit
Digital Signal Controllers
and Microcontrollers”

Updated the Recommended Minimum Connection diagram (see Figure 2-1).

Section 3.0 “CPU”

Updated the dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X, and
PIC24EPXXXGP/MC20X CPU Block Diagram (see Figure 3-1).

Updated the Status register definition in the Programmer’s Model (see Figure 3-2).

Section 4.0 “Memory
Organization”

Updated the Data Memory Maps (see Figure 4-6 and Figure 4-11).

Removed the DCB<1:0> bits from the OC1CON2, OC2CON2, OC3CON2, and
OC4CON2 registers in the Output Compare 1 Through Output Compare 4 Register
Map (see Table 4-10).

Added the TRIG1 and TRGCON1 registers to the PWM Generator 1 Register Map
(see Table 4-13).

Added the TRIG2 and TRGCONZ2 registers to the PWM Generator 2 Register Map
(see Table 4-14).

Added the TRIG3 and TRGCONS registers to the PWM Generator 3 Register Map
(see Table 4-15).

Updated the second note in Section 4.7.1 “Bit-Reversed Addressing
Implementation”.

Section 8.0 “Direct Memory
Access (DMA)”

Updated the DMA Controller diagram (see Figure 8-1).

Section 14.0 “Input
Capture”

Updated the bit values for the ICx clock source of the ICTSEL<12:10> bits in the
ICxCONT1 register (see Register 14-1).

Section 15.0 “Output
Compare”

Updated the bit values for the OCx clock source of the OCTSEL<2:0> bits in the
OCxCONT1 register (see Register 15-1).

Removed the DCB<1:0> bits from the Output Compare x Control Register 2 (see
Register 15-2).
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