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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"

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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SF Bit 3 Bit 2 Bit 1 Bit 0
All 

Resets

SP EL<2:0> SPITBF SPIRBF 0000 

SP RE<2:0> PPRE<1:0> 0000 

SP — — FRMDLY SPIBEN 0000 

SP 0000 

SP EL<2:0> SPITBF SPIRBF 0000 

SP RE<2:0> PPRE<1:0> 0000 

SP — — FRMDLY SPIBEN 0000 

SP 0000 

Le
BLE 4-19: SPI1 AND SPI2 REGISTER MAP

R 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

I1STAT 0240 SPIEN — SPISIDL — — SPIBEC<2:0> SRMPT SPIROV SRXMPT SIS

I1CON1 0242 — — — DISSCK DISSDO MODE16 SMP CKE SSEN CKP MSTEN SP

I1CON2 0244 FRMEN SPIFSD FRMPOL — — — — — — — — —

I1BUF 0248 SPI1 Transmit and Receive Buffer Register

I2STAT 0260 SPIEN — SPISIDL — — SPIBEC<2:0> SRMPT SPIROV SRXMPT SIS

I2CON1 0262 — — — DISSCK DISSDO MODE16 SMP CKE SSEN CKP MSTEN SP

I2CON2 0264 FRMEN SPIFSD FRMPOL — — — — — — — — —

I2BUF 0268 SPI2 Transmit and Receive Buffer Register

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

Bit 3 Bit 2 Bit 1 Bit 0
All 

Resets

C1 CANCAP — — WIN 0480

C1 DNCNT<4:0> 0000

C1 CODE<6:0> 0040

C1 FSA<4:0> 0000

C1 FNRB<5:0> 0000

C1 FIFOIF RBOVIF RBIF TBIF 0000

C1 FIFOIE RBOVIE RBIE TBIE 0000

C1 <7:0> 0000

C1 BRP<5:0> 0000

C1 > PRSEG<2:0> 0000

C1 FLTEN3 FLTEN2 FLTEN1 FLTEN0 FFFF

C1 F1MSK<1:0> F0MSK<1:0> 0000

C1 F9MSK<1:0> F8MSK<1:0> 0000

Le

TA VICES ONLY

F Bit 3 Bit 2 Bit 1 Bit 0
All 

Resets

C1 RXFUL3 RXFUL2 RXFUL1 RXFUL0 0000

C1 XFUL19 RXFUL18 RXFUL17 RXFUL16 0000

C1 RXOVF3 RXOVF2 RXOVF1 RXOVF0 0000

C1 XOVF19 RXOVF18 RXOVF17 RXOVF16 0000

C1 TXREQ0 RTREN0 TX0PRI<1:0> 0000

C1 TXREQ2 RTREN2 TX2PRI<1:0> 0000

C1 TXREQ4 RTREN4 TX4PRI<1:0> 0000

C1 TXREQ6 RTREN6 TX6PRI<1:0> xxxx

C1 xxxx

C1 xxxx

Le
BLE 4-21: ECAN1 REGISTER MAP WHEN WIN (C1CTRL1<0>) = 0 OR 1 FOR dsPIC33EPXXXMC/GP50

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

CTRL1 0400 — — CSIDL ABAT CANCKS REQOP<2:0> OPMODE<2:0> —

CTRL2 0402 — — — — — — — — — — —

VEC 0404 — — — FILHIT<4:0> — I

FCTRL 0406 DMABS<2:0> — — — — — — — —

FIFO 0408 — — FBP<5:0> — —

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

INTE 040C — — — — — — — — IVRIE WAKIE ERRIE —

EC 040E TERRCNT<7:0> RERRCNT

CFG1 0410 — — — — — — — — SJW<1:0>

CFG2 0412 — WAKFIL — — — SEG2PH<2:0> SEG2PHTS SAM SEG1PH<2:0

FEN1 0414 FLTEN15 FLTEN14 FLTEN13 FLTEN12 FLTEN11 FLTEN10 FLTEN9 FLTEN8 FLTEN7 FLTEN6 FLTEN5 FLTEN4

FMSKSEL1 0418 F7MSK<1:0> F6MSK<1:0> F5MSK<1:0> F4MSK<1:0> F3MSK<1:0> F2MSK<1:0>

FMSKSEL2 041A F15MSK<1:0> F14MSK<1:0> F13MSK<1:0> F12MSK<1:0> F11MSK<1:0> F10MSK<1:0>

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

BLE 4-22: ECAN1 REGISTER MAP WHEN WIN (C1CTRL1<0>) = 0 FOR dsPIC33EPXXXMC/GP50X DE

ile 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

RXFUL1 0420 RXFUL15 RXFUL14 RXFUL13 RXFUL12 RXFUL11 RXFUL10 RXFUL9 RXFUL8 RXFUL7 RXFUL6 RXFUL5 RXFUL4

RXFUL2 0422 RXFUL31 RXFUL30 RXFUL29 RXFUL28 RXFUL27 RXFUL26 RXFUL25 RXFUL24 RXFUL23 RXFUL22 RXFUL21 RXFUL20 R

RXOVF1 0428 RXOVF15 RXOVF14 RXOVF13 RXOVF12 RXOVF11 RXOVF10 RXOVF9 RXOVF8 RXOVF7 RXOVF6 RXOVF5 RXOVF4

RXOVF2 042A RXOVF31 RXOVF30 RXOVF29 RXOVF28 RXOVF27 RXOVF26 RXOVF25 RXOVF24 RXOVF23 RXOVF22 RXOVF21 RXOVF20 R

TR01CON 0430 TXEN1 TXABT1 TXLARB1 TXERR1 TXREQ1 RTREN1 TX1PRI<1:0> TXEN0 TXABAT0 TXLARB0 TXERR0

TR23CON 0432 TXEN3 TXABT3 TXLARB3 TXERR3 TXREQ3 RTREN3 TX3PRI<1:0> TXEN2 TXABAT2 TXLARB2 TXERR2

TR45CON 0434 TXEN5 TXABT5 TXLARB5 TXERR5 TXREQ5 RTREN5 TX5PRI<1:0> TXEN4 TXABAT4 TXLARB4 TXERR4

TR67CON 0436 TXEN7 TXABT7 TXLARB7 TXERR7 TXREQ7 RTREN7 TX7PRI<1:0> TXEN6 TXABAT6 TXLARB6 TXERR6

RXD 0440 ECAN1 Receive Data Word

TXD 0442 ECAN1 Transmit Data Word

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



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
4.8 Interfacing Program and Data 
Memory Spaces

The dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/
50X and PIC24EPXXXGP/MC20X architecture uses a
24-bit-wide Program Space (PS) and a 16-bit-wide
Data Space (DS). The architecture is also a modified
Harvard scheme, meaning that data can also be
present in the Program Space. To use this data suc-
cessfully, it must be accessed in a way that preserves
the alignment of information in both spaces.

Aside from normal execution, the architecture of the
dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X
and PIC24EPXXXGP/MC20X devices provides two
methods by which Program Space can be accessed
during operation: 

• Using table instructions to access individual bytes 
or words anywhere in the Program Space

• Remapping a portion of the Program Space into 
the Data Space (Program Space Visibility)

Table instructions allow an application to read or write
to small areas of the program memory. This capability
makes the method ideal for accessing data tables that
need to be updated periodically. It also allows access
to all bytes of the program word. The remapping
method allows an application to access a large block of
data on a read-only basis, which is ideal for look-ups
from a large table of static data. The application can
only access the least significant word of the program
word.

TABLE 4-65: PROGRAM SPACE ADDRESS CONSTRUCTION

FIGURE 4-22: DATA ACCESS FROM PROGRAM SPACE ADDRESS GENERATION

Access Type
Access
Space

Program Space Address

<23> <22:16> <15> <14:1> <0>

Instruction Access
(Code Execution)

User 0 PC<22:1> 0

0xx xxxx xxxx xxxx xxxx xxx0

TBLRD/TBLWT
(Byte/Word Read/Write)

User TBLPAG<7:0> Data EA<15:0>

      0xxx xxxx xxxx xxxx xxxx xxxx

Configuration TBLPAG<7:0> Data EA<15:0>

      1xxx xxxx xxxx xxxx xxxx xxxx

0Program Counter

23 Bits

Program Counter(1)

TBLPAG

8 Bits

EA

16 Bits

Byte Select

0

1/0

User/Configuration

Table Operations(2)

Space Select

24 Bits

1/0

Note 1: The Least Significant bit (LSb) of Program Space addresses is always fixed as ‘0’ to maintain 
word alignment of data in the Program and Data Spaces.

2: Table operations are not required to be word-aligned. Table Read operations are permitted in the 
configuration memory space.
 2011-2013 Microchip Technology Inc. DS70000657H-page 117



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
TABLE 7-1: INTERRUPT VECTOR DETAILS

Interrupt Source
Vector

#
IRQ

#
IVT Address

Interrupt Bit Location

Flag Enable Priority

Highest Natural Order Priority

INT0 – 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>

DMA0 – DMA Channel 0 12 4 0x00001C IFS0<4> IEC0<4> IPC1<2:0>

IC2 – Input Capture 2 13 5 0x00001E IFS0<5> IEC0<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> IEC0<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 11 0x00002A IFS0<11> IEC0<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 — — —

SI2C1 – I2C1 Slave Event 24 16 0x000034 IFS1<0> IEC1<0> IPC4<2:0>

MI2C1 – I2C1 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> IEC1<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> IPC6<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> IPC8<6:4>

C1RX – CAN1 RX Data Ready(1) 42 34 0x000058 IFS2<2> IEC2<2> IPC8<10:8>

C1 – CAN1 Event(1) 43 35 0x00005A IFS2<3> IEC2<3> IPC8<14:12>

DMA3 – DMA Channel 3 44 36 0x00005C IFS2<4> IEC2<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 – I2C2 Slave Event 57 49 0x000076 IFS3<1> IEC3<1> IPC12<6:4>

MI2C2 – I2C2 Master Event 58 50 0x000078 IFS3<2> IEC3<2> IPC12<10:8>

Reserved 59-64 51-56 0x00007A-0x000084 — — —

PSEM – PWM Special Event Match(2) 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.
 2011-2013 Microchip Technology Inc. DS70000657H-page 129



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
8.0 DIRECT MEMORY ACCESS 
(DMA)

The DMA Controller transfers data between Peripheral
Data registers and Data Space SRAM

In addition, DMA can access the entire data memory
space. The Data Memory Bus Arbiter is utilized when
either the CPU or DMA attempts to access SRAM,
resulting in potential DMA or CPU stalls.

The DMA Controller supports 4 independent channels.
Each channel can be configured for transfers to or from
selected peripherals. Some of the peripherals
supported by the DMA Controller include:

• ECAN™

• Analog-to-Digital Converter (ADC)

• Serial Peripheral Interface (SPI)

• UART

• Input Capture

• Output Compare

Refer to Table 8-1 for a complete list of supported
peripherals.

FIGURE 8-1: DMA CONTROLLER MODULE 

Note 1: This data sheet summarizes the
features of the dsPIC33EPXXXGP50X,
dsPIC33EPXXXMC20X/50X and
PIC24EPXXXGP/MC20X families of
devices. It is not intended to be a
comprehensive reference source. To
complement the information in this data
sheet, refer to “Direct Memory Access
(DMA)” (DS70348) in the “dsPIC33/
PIC24 Family Reference Manual”, which
is available from the Microchip web site
(www.microchip.com).

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

DMAPERIPHERAL
Data Memory

SRAM

(see Figure 4-18)
Arbiter
 2011-2013 Microchip Technology Inc. DS70000657H-page 139

http://www.microchip.com
http://www.microchip.com


dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
NOTES:
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
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
DS70000657H-page 224  2011-2013 Microchip Technology Inc.



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
REGISTER 16-7: PWMCONx: PWMx CONTROL REGISTER

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

FLTSTAT(1) CLSTAT(1) TRGSTAT FLTIEN CLIEN TRGIEN ITB(2) MDCS(2)

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

DTC1 DTC0 DTCP(3) — MTBS CAM(2,4) XPRES(5) IUE(2)

bit 7 bit 0

Legend: HC = Hardware Clearable bit HS = Hardware Settable bit

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

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

bit 15 FLTSTAT: Fault Interrupt Status bit(1)

1 = Fault interrupt is pending
0 = No Fault interrupt is pending
This bit is cleared by setting FLTIEN = 0.

bit 14 CLSTAT: Current-Limit Interrupt Status bit(1)

1 = Current-limit interrupt is pending
0 = No current-limit interrupt is pending
This bit is cleared by setting CLIEN = 0.

bit 13 TRGSTAT: Trigger Interrupt Status bit

1 = Trigger interrupt is pending
0 = No trigger interrupt is pending
This bit is cleared by setting TRGIEN = 0.

bit 12 FLTIEN: Fault Interrupt Enable bit

1 = Fault interrupt is enabled
0 = Fault interrupt is disabled and the FLTSTAT bit is cleared

bit 11 CLIEN: Current-Limit Interrupt Enable bit

1 = Current-limit interrupt is enabled
0 = Current-limit interrupt is disabled and the CLSTAT bit is cleared

bit 10 TRGIEN: Trigger Interrupt Enable bit

1 = A trigger event generates an interrupt request
0 = Trigger event interrupts are disabled and the TRGSTAT bit is cleared

bit 9 ITB: Independent Time Base Mode bit(2)

1 = PHASEx register provides time base period for this PWM generator
0 = PTPER register provides timing for this PWM generator

bit 8 MDCS: Master Duty Cycle Register Select bit(2)

1 = MDC register provides duty cycle information for this PWM generator
0 = PDCx register provides duty cycle information for this PWM generator

Note 1: Software must clear the interrupt status here and in the corresponding IFSx bit in the interrupt controller.

2: These bits should not be changed after the PWMx is enabled (PTEN = 1).

3: DTC<1:0> = 11 for DTCP to be effective; otherwise, DTCP is ignored.

4: The Independent Time Base (ITB = 1) mode must be enabled to use Center-Aligned mode. If ITB = 0, the 
CAM bit is ignored.

5: To operate in External Period Reset mode, the ITB bit must be ‘1’ and the CLMOD bit in the FCLCONx 
register must be ‘0’.
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bit 5 ADDEN: Address Character Detect bit (bit 8 of received data = 1)

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

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

1 = Receiver is Idle
0 = Receiver is active

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

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

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

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

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

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

receiver buffer and the UxRSR to the empty state

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

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

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

Note 1: Refer to the “UART” (DS70582) section in the “dsPIC33/PIC24 Family Reference Manual” for information 
on enabling the UARTx module for transmit operation.
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23.0 10-BIT/12-BIT 
ANALOG-TO-DIGITAL 
CONVERTER (ADC)

The dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/
50X and PIC24EPXXXGP/MC20X devices have one
ADC module. The ADC module supports up to
16 analog input channels.

On ADC1, the AD12B bit (AD1CON1<10>) allows the
ADC module to be configured by the user as either a
10-bit, 4 Sample-and-Hold (S&H) ADC (default
configuration) or a 12-bit, 1 S&H ADC. 

23.1 Key Features

23.1.1 10-BIT ADC CONFIGURATION

The 10-bit ADC configuration has the following key
features:

• Successive Approximation (SAR) conversion

• Conversion speeds of up to 1.1 Msps

• Up to 16 analog input pins

• Connections to three internal op amps

• Connections to the Charge Time Measurement Unit 
(CTMU) and temperature measurement diode

• Channel selection and triggering can be controlled 
by the Peripheral Trigger Generator (PTG)

• External voltage reference input pins

• Simultaneous sampling of:

- Up to four analog input pins

- Three op amp outputs

- Combinations of analog inputs and op amp 
outputs

• Automatic Channel Scan mode

• Selectable conversion Trigger source

• Selectable Buffer Fill modes

• Four result alignment options (signed/unsigned, 
fractional/integer)

• Operation during CPU Sleep and Idle modes

23.1.2 12-BIT ADC CONFIGURATION

The 12-bit ADC configuration supports all the features
listed above, with the exception of the following:

• In the 12-bit configuration, conversion speeds of 
up to 500 ksps are supported

• There is only one S&H amplifier in the 12-bit 
configuration; therefore, simultaneous sampling 
of multiple channels is not supported.

Depending on the particular device pinout, the ADC
can have up to 16 analog input pins, designated AN0
through AN15. These analog inputs are shared with
op amp inputs and outputs, comparator inputs, and
external voltage references. When op amp/comparator
functionality is enabled, or an external voltage refer-
ence is used, the analog input that shares that pin is no
longer available. The actual number of analog input
pins, op amps and external voltage reference input
configuration depends on the specific device. 

A block diagram of the ADC module is shown in
Figure 23-1. Figure 23-2 provides a diagram of the
ADC conversion clock period.

Note 1: This data sheet summarizes the
features of the dsPIC33EPXXXGP50X,
dsPIC33EPXXXMC20X/50X and
PIC24EPXXXGP/MC20X families of
devices. It is not intended to be a
comprehensive reference source. To
complement the information in this data
sheet, refer to “Analog-to-Digital
Converter (ADC)” (DS70621) in the
“dsPIC33/PIC24 Family Reference
Manual”, which is available from the
Microchip web site (www.microchip.com).

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

Note: The ADC module needs to be disabled
before modifying the AD12B bit.
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REGISTER 23-7: AD1CSSH: ADC1 INPUT SCAN SELECT REGISTER HIGH(1)

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

CSS31 CSS30 — — — CSS26(2) CSS25(2) CSS24(2)

bit 15 bit 8

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

— — — — — — — —

bit 7 bit 0

Legend:

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

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

bit 15 CSS31: ADC1 Input Scan Selection bit

1 = Selects CTMU capacitive and time measurement for input scan (Open)
0 = Skips CTMU capacitive and time measurement for input scan (Open)

bit 14 CSS30: ADC1 Input Scan Selection bit

1 = Selects CTMU on-chip temperature measurement for input scan (CTMU TEMP)
0 = Skips CTMU on-chip temperature measurement for input scan (CTMU TEMP)

bit 13-11 Unimplemented: Read as ‘0’

bit 10 CSS26: ADC1 Input Scan Selection bit(2)

1 = Selects OA3/AN6 for input scan
0 = Skips OA3/AN6 for input scan

bit 9 CSS25: ADC1 Input Scan Selection bit(2)

1 = Selects OA2/AN0 for input scan
0 = Skips OA2/AN0 for input scan

bit 8 CSS24: ADC1 Input Scan Selection bit(2)

1 = Selects OA1/AN3 for input scan
0 = Skips OA1/AN3 for input scan

bit 7-0 Unimplemented: Read as ‘0’

Note 1: All AD1CSSH bits can be selected by user software. However, inputs selected for scan, without a 
corresponding input on the device, convert VREFL.

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

24.1 Module Introduction

The Peripheral Trigger Generator (PTG) provides a
means to schedule complex high-speed peripheral
operations that would be difficult to achieve using soft-
ware. The PTG module uses 8-bit commands, called
“Steps”, that the user writes to the PTG Queue
registers (PTGQUE0-PTGQUE7), which perform oper-
ations, such as wait for input signal, generate output
trigger and wait for timer.

The PTG module has the following major features:

• Multiple clock sources

• Two 16-bit general purpose timers

• Two 16-bit general limit counters

• Configurable for rising or falling edge triggering

• Generates processor interrupts to include:

- Four configurable processor interrupts

- Interrupt on a Step event in Single-Step mode

- Interrupt on a PTG Watchdog Timer time-out

• Able to receive trigger signals from these 
peripherals:

- ADC

- PWM

- Output Compare 

- Input Capture

- Op Amp/Comparator

- INT2

• Able to trigger or synchronize to these 
peripherals:

- Watchdog Timer

- Output Compare

- Input Capture

- ADC

- PWM 

- Op Amp/Comparator

Note 1: This data sheet summarizes the
features of the dsPIC33EPXXXGP50X,
dsPIC33EPXXXMC20X/50X and
PIC24EPXXXGP/MC20X families of
devices. It is not intended to be a
comprehensive reference source. To
complement the information in this data
sheet, refer to “Peripheral Trigger
Generator (PTG)” (DS70669) in the
“dsPIC33/PIC24 Family Reference
Manual”, which is available from the
Microchip web site (www.microchip.com).

2: Some registers and associated bits
described in this section may not be
available on all devices. Refer to
Section 4.0 “Memory Organization” in
this data sheet for device-specific register
and bit information.
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REGISTER 24-12: PTGQPTR: PTG STEP QUEUE POINTER REGISTER(1)

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

— — — PTGQPTR<4:0>

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 15-5 Unimplemented: Read as ‘0’

bit 4-0 PTGQPTR<4:0>: PTG Step Queue Pointer Register bits

This register points to the currently active Step command in the Step queue.

Note 1: This register is read-only when the PTG module is executing Step commands (PTGEN = 1 and 
PTGSTRT = 1).

REGISTER 24-13: PTGQUEx: PTG STEP QUEUE REGISTER x (x = 0-7)(1,3)

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

STEP(2x + 1)<7:0>(2)

bit 15 bit 8

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

STEP(2x)<7:0>(2)

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 STEP(2x + 1)<7:0>: PTG Step Queue Pointer Register bits(2)

A queue location for storage of the STEP(2x + 1) command byte.

bit 7-0 STEP(2x)<7:0>: PTG Step Queue Pointer Register bits(2)

A queue location for storage of the STEP(2x) command byte.

Note 1: This register is read-only when the PTG module is executing Step commands (PTGEN = 1 and 
PTGSTRT = 1).

2: Refer to Table 24-1 for the Step command encoding.

3: The Step registers maintain their values on any type of Reset.
 2011-2013 Microchip Technology Inc. DS70000657H-page 349



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
bit 3-0 SELSRCA<3:0>: Mask A Input Select bits

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

REGISTER 25-4: CMxMSKSRC: COMPARATOR x MASK SOURCE SELECT 
CONTROL REGISTER (CONTINUED)
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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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FIGURE 30-20: SPI2 SLAVE MODE (FULL-DUPLEX, CKE = 0, CKP = 1, SMP = 0) 
TIMING CHARACTERISTICS
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Note: Refer to Figure 30-1 for load conditions.
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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/O Descriptions for these 
pins: C1IN2-, C2IN2-, C3IN2-, OA1OUT, OA2OUT, and OA3OUT (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 TRGCON2 registers to the PWM Generator 2 Register Map 
(see Table 4-14).

Added the TRIG3 and TRGCON3 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 
ICxCON1 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 
OCxCON1 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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