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Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
Pin Diagrams (Continued) 

44-Pin TQFP(1,2) = Pins are up to 5V tolerant 
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Note 1: 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: 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.

dsPIC33EPXXXMC204/504
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
Pin Diagrams (Continued) 

44-Pin QFN(1,2,3) = Pins are up to 5V tolerant 
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Note 1: 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 
to VSS externally.

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.
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Fi it 3 Bit 2 Bit 1 Bit 0
All 

Resets

OC MODE OCM<2:0> 0000

OC SYNCSEL<4:0> 000C

OC xxxx

OC xxxx

OC xxxx

OC MODE OCM<2:0> 0000

OC SYNCSEL<4:0> 000C

OC xxxx

OC xxxx

OC xxxx

OC MODE OCM<2:0> 0000

OC SYNCSEL<4:0> 000C

OC xxxx

OC xxxx

OC xxxx

OC MODE OCM<2:0> 0000

OC SYNCSEL<4:0> 000C

OC xxxx

OC xxxx

OC xxxx

Le
BLE 4-10: OUTPUT COMPARE 1 THROUGH OUTPUT COMPARE 4 REGISTER MAP

le 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 B

1CON1 0900 — — OCSIDL OCTSEL<2:0> — ENFLTB ENFLTA — OCFLTB OCFLTA TRIG

1CON2 0902 FLTMD FLTOUT FLTTRIEN OCINV — — — OC32 OCTRIG TRIGSTAT OCTRIS

1RS 0904 Output Compare 1 Secondary Register

1R 0906 Output Compare 1 Register

1TMR 0908 Timer Value 1 Register

2CON1 090A — — OCSIDL OCTSEL<2:0> — ENFLTB ENFLTA — OCFLTB OCFLTA TRIG

2CON2 090C FLTMD FLTOUT FLTTRIEN OCINV — — — OC32 OCTRIG TRIGSTAT OCTRIS

2RS 090E Output Compare 2 Secondary Register

2R 0910 Output Compare 2 Register

2TMR 0912 Timer Value 2 Register

3CON1 0914 — — OCSIDL OCTSEL<2:0> — ENFLTB ENFLTA — OCFLTB OCFLTA TRIG

3CON2 0916 FLTMD FLTOUT FLTTRIEN OCINV — — — OC32 OCTRIG TRIGSTAT OCTRIS

3RS 0918 Output Compare 3 Secondary Register

3R 091A Output Compare 3 Register

3TMR 091C Timer Value 3 Register

4CON1 091E — — OCSIDL OCTSEL<2:0> — ENFLTB ENFLTA — OCFLTB OCFLTA TRIG

4CON2 0920 FLTMD FLTOUT FLTTRIEN OCINV — — — OC32 OCTRIG TRIGSTAT OCTRIS

4RS 0922 Output Compare 4 Secondary Register

4R 0924 Output Compare 4 Register

4TMR 0926 Timer Value 4 Register

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



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
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
  

REGISTER 9-3: PLLFBD: PLL FEEDBACK DIVISOR REGISTER

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

— — — — — — — PLLDIV8

bit 15 bit 8

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

PLLDIV7 PLLDIV6 PLLDIV5 PLLDIV4 PLLDIV3 PLLDIV2 PLLDIV1 PLLDIV0

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 15-9 Unimplemented: Read as ‘0’

bit 8-0 PLLDIV<8:0>: PLL Feedback Divisor bits (also denoted as ‘M’, PLL multiplier)

111111111 = 513

•

•

•

000110000 = 50 (default)

•

•

•

000000010 = 4
000000001 = 3
000000000 = 2
DS70000657H-page 160  2011-2013 Microchip Technology Inc.



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
REGISTER 11-17: RPINR39: PERIPHERAL PIN SELECT INPUT REGISTER 39 
(dsPIC33EPXXXMC20X/50X AND PIC24EPXXXMC20X DEVICES ONLY)

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

— DTCMP3R<6:0>

bit 15 bit 8

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

— DTCMP2R<6:0>

bit 7 bit 0

Legend:

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

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

bit 15 Unimplemented: Read as ‘0’ 

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

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

bit 7 Unimplemented: Read as ‘0’

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

1111001 = Input tied to RPI121
.
.
.
0000001 = Input tied to CMP1
0000000 = Input tied to VSS
DS70000657H-page 196  2011-2013 Microchip Technology Inc.



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
REGISTER 11-18: RPOR0: PERIPHERAL PIN SELECT OUTPUT REGISTER 0

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

— — RP35R<5:0>

bit 15 bit 8

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

— — RP20R<5:0>

bit 7 bit 0

Legend:

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

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

bit 15-14 Unimplemented: Read as ‘0’ 

bit 13-8 RP35R<5:0>: Peripheral Output Function is Assigned to RP35 Output Pin bits 
(see Table 11-3 for peripheral function numbers)

bit 7-6 Unimplemented: Read as ‘0’ 

bit 5-0 RP20R<5:0>: Peripheral Output Function is Assigned to RP20 Output Pin bits 
(see Table 11-3 for peripheral function numbers)

REGISTER 11-19: RPOR1: PERIPHERAL PIN SELECT OUTPUT REGISTER 1

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

— — RP37R<5:0>

bit 15 bit 8

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

— — RP36R<5:0>

bit 7 bit 0

Legend:

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

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

bit 15-14 Unimplemented: Read as ‘0’ 

bit 13-8 RP37R<5:0>: Peripheral Output Function is Assigned to RP37 Output Pin bits 
(see Table 11-3 for peripheral function numbers)

bit 7-6 Unimplemented: Read as ‘0’ 

bit 5-0 RP36R<5:0>: Peripheral Output Function is Assigned to RP36 Output Pin bits 
(see Table 11-3 for peripheral function numbers)
 2011-2013 Microchip Technology Inc. DS70000657H-page 197



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
FIGURE 13-3: TYPE B/TYPE C TIMER PAIR BLOCK DIAGRAM (32-BIT TIMER)

13.1 Timerx/y Resources

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

13.1.1 KEY RESOURCES

• “Timers” (DS70362) in the “dsPIC33/PIC24 
Family Reference Manual”

• Code Samples

• Application Notes

• Software Libraries

• Webinars

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

• Development Tools
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Note 1: The ADC trigger is available on the TMR3:TMR2 andTMR5:TMR4 32-bit timer pairs.
2: Timerx is a Type B timer (x = 2 and 4).
3: Timery is a Type C timer (y = 3 and 5).
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Note: In the event you are not able to access the
product page using the link above, enter
this URL in your browser:
http://www.microchip.com/
wwwproducts/Devices.aspx?d
DocName=en555464
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
REGISTER 15-2: OCxCON2: OUTPUT COMPARE x CONTROL REGISTER 2

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

FLTMD FLTOUT FLTTRIEN OCINV — — — OC32

bit 15 bit 8

R/W-0 R/W-0, HS R/W-0 R/W-0 R/W-1 R/W-1 R/W-0 R/W-0

OCTRIG TRIGSTAT OCTRIS SYNCSEL4 SYNCSEL3 SYNCSEL2 SYNCSEL1 SYNCSEL0

bit 7 bit 0

Legend: 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 FLTMD: Fault Mode Select bit 

1 = Fault mode is maintained until the Fault source is removed; the corresponding OCFLTx bit is
cleared in software and a new PWM period starts

0 = Fault mode is maintained until the Fault source is removed and a new PWM period starts 

bit 14 FLTOUT: Fault Out bit

1 = PWM output is driven high on a Fault
0 = PWM output is driven low on a Fault

bit 13 FLTTRIEN: Fault Output State Select bit 

1 = OCx pin is tri-stated on a Fault condition
0 = OCx pin I/O state is defined by the FLTOUT bit on a Fault condition

bit 12 OCINV: Output Compare x Invert bit 

1 = OCx output is inverted
0 = OCx output is not inverted

bit 11-9 Unimplemented: Read as ‘0’

bit 8 OC32: Cascade Two OCx Modules Enable bit (32-bit operation)

1 = Cascade module operation is enabled
0 = Cascade module operation is disabled

bit 7 OCTRIG: Output Compare x Trigger/Sync Select bit

1 = Triggers OCx from the source designated by the SYNCSELx bits
0 = Synchronizes OCx with the source designated by the SYNCSELx bits

bit 6 TRIGSTAT: Timer Trigger Status bit

1 = Timer source has been triggered and is running
0 = Timer source has not been triggered and is being held clear

bit 5 OCTRIS: Output Compare x Output Pin Direction Select bit

1 = OCx is tri-stated
0 = Output Compare x module drives the OCx pin

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

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

3: Each Output Compare x module (OCx) has one PTG Trigger/Synchronization source. See Section 24.0 
“Peripheral Trigger Generator (PTG) Module” for more information.
PTGO0 = OC1
PTGO1 = OC2
PTGO2 = OC3
PTGO3 = OC4
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20.1 UART Helpful Tips

1. In multi-node, direct-connect UART networks,
UART receive inputs react to the
complementary logic level defined by the
URXINV bit (UxMODE<4>), which defines the
Idle state, the default of which is logic high (i.e.,
URXINV = 0). Because remote devices do not
initialize at the same time, it is likely that one of
the devices, because the RX line is floating, will
trigger a Start bit detection and will cause the
first byte received, after the device has been ini-
tialized, to be invalid. To avoid this situation, the
user should use a pull-up or pull-down resistor
on the RX pin depending on the value of the
URXINV bit.

a) If URXINV = 0, use a pull-up resistor on the
RX pin.

b) If URXINV = 1, use a pull-down resistor on
the RX pin. 

2. The first character received on a wake-up from
Sleep mode caused by activity on the UxRX pin
of the UARTx module will be invalid. In Sleep
mode, peripheral clocks are disabled. By the
time the oscillator system has restarted and
stabilized from Sleep mode, the baud rate bit
sampling clock, relative to the incoming UxRX
bit timing, is no longer synchronized, resulting in
the first character being invalid; this is to be
expected.

20.2 UART Resources

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

20.2.1 KEY RESOURCES

• “UART” (DS70582) in the “dsPIC33/PIC24 
Family Reference Manual”

• Code Samples

• Application Notes

• Software Libraries

• Webinars

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

• Development Tools

Note: In the event you are not able to access the
product page using the link above, enter
this URL in your browser:
http://www.microchip.com/wwwproducts/
Devices.aspx?dDocName=en555464
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21.5 ECAN Message Buffers

ECAN Message Buffers are part of RAM memory. They
are not ECAN Special Function Registers. The user
application must directly write into the RAM area that is
configured for ECAN Message Buffers. The location
and size of the buffer area is defined by the user
application.

BUFFER 21-1: ECAN™ MESSAGE BUFFER WORD 0

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

— — — SID10 SID9 SID8 SID7 SID6

bit 15 bit 8

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x

SID5 SID4 SID3 SID2 SID1 SID0 SRR IDE

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 15-13 Unimplemented: Read as ‘0’

bit 12-2 SID<10:0>: Standard Identifier bits

bit 1 SRR: Substitute Remote Request bit

When IDE = 0:
1 = Message will request remote transmission
0 = Normal message

When IDE = 1:
The SRR bit must be set to ‘1’.

bit 0 IDE: Extended Identifier bit

1 = Message will transmit Extended Identifier 
0 = Message will transmit Standard Identifier

BUFFER 21-2: ECAN™ MESSAGE BUFFER WORD 1

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

— — — — EID17 EID16 EID15 EID14

bit 15 bit 8

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x

EID13 EID12 EID11 EID10 EID9 EID8 EID7 EID6

bit 7 bit 0

Legend:

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

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

bit 15-12 Unimplemented: Read as ‘0’

bit 11-0 EID<17:6>: Extended Identifier bits
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(

BUFFER 21-3: ECAN™ MESSAGE BUFFER WORD 2

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x

EID5 EID4 EID3 EID2 EID1 EID0 RTR RB1

bit 15 bit 8

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

— — — RB0 DLC3 DLC2 DLC1 DLC0

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 15-10 EID<5:0>: Extended Identifier bits

bit 9 RTR: Remote Transmission Request bit 

When IDE = 1:
1 = Message will request remote transmission
0 = Normal message

When IDE = 0:
The RTR bit is ignored.

bit 8 RB1: Reserved Bit 1

User must set this bit to ‘0’ per CAN protocol.

bit 7-5 Unimplemented: Read as ‘0’

bit 4 RB0: Reserved Bit 0

User must set this bit to ‘0’ per CAN protocol.

bit 3-0 DLC<3:0>: Data Length Code bits

BUFFER 21-4: ECAN™ MESSAGE BUFFER WORD 3

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x

Byte 1

bit 15 bit 8

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x

Byte 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 15-8 Byte 1<15:8>: ECAN Message Byte 1 bits

bit 7-0 Byte 0<7:0>: ECAN Message Byte 0 bits
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bit 7-5 SSRC<2:0>: Sample Trigger Source Select bits

If SSRCG = 1:
111 = Reserved
110 = PTGO15 primary trigger compare ends sampling and starts conversion(1)

101 = PTGO14 primary trigger compare ends sampling and starts conversion(1)

100 = PTGO13 primary trigger compare ends sampling and starts conversion(1)

011 = PTGO12 primary trigger compare ends sampling and starts conversion(1)

010 = PWM Generator 3 primary trigger compare ends sampling and starts conversion(2)

001 = PWM Generator 2 primary trigger compare ends sampling and starts conversion(2)

000 = PWM Generator 1 primary trigger compare ends sampling and starts conversion(2)

If SSRCG = 0:
111 = Internal counter ends sampling and starts conversion (auto-convert)
110 = CTMU ends sampling and starts conversion
101 = Reserved
100 = Timer5 compare ends sampling and starts conversion
011 = PWM primary Special Event Trigger ends sampling and starts conversion(2)

010 = Timer3 compare ends sampling and starts conversion
001 = Active transition on the INT0 pin ends sampling and starts conversion
000 = Clearing the Sample bit (SAMP) ends sampling and starts conversion (Manual mode)

bit 4 SSRCG: Sample Trigger Source Group bit

See SSRC<2:0> for details.

bit 3 SIMSAM: Simultaneous Sample Select bit (only applicable when CHPS<1:0> = 01 or 1x)

In 12-bit mode (AD21B = 1), SIMSAM is Unimplemented and is Read as ‘0’:
1 = Samples CH0, CH1, CH2, CH3 simultaneously (when CHPS<1:0> = 1x); or samples CH0 and CH1

simultaneously (when CHPS<1:0> = 01)
0 = Samples multiple channels individually in sequence

bit 2 ASAM: ADC1 Sample Auto-Start bit

1 = Sampling begins immediately after the last conversion; SAMP bit is auto-set
0 = Sampling begins when the SAMP bit is set

bit 1 SAMP: ADC1 Sample Enable bit

1 = ADC Sample-and-Hold amplifiers are sampling
0 = ADC Sample-and-Hold amplifiers are holding
If ASAM = 0, software can write ‘1’ to begin sampling. Automatically set by hardware if ASAM = 1. If
SSRC<2:0> = 000, software can write ‘0’ to end sampling and start conversion. If SSRC<2:0> 000,
automatically cleared by hardware to end sampling and start conversion.

bit 0 DONE: ADC1 Conversion Status bit(3) 

1 = ADC conversion cycle has completed
0 = ADC conversion has not started or is in progress
Automatically set by hardware when the ADC conversion is complete. Software can write ‘0’ to clear the 
DONE status bit (software is not allowed to write ‘1’). Clearing this bit does NOT affect any operation in 
progress. Automatically cleared by hardware at the start of a new conversion.

REGISTER 23-1: AD1CON1: ADC1 CONTROL REGISTER 1 (CONTINUED)

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

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

3: Do not clear the DONE bit in software if Auto-Sample is enabled (ASAM = 1).
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REGISTER 23-3: AD1CON3: ADC1 CONTROL REGISTER 3

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

ADRC — — SAMC4(1) SAMC3(1) SAMC2(1) SAMC1(1) SAMC0(1)

bit 15 bit 8

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

ADCS7(2) ADCS6(2) ADCS5(2) ADCS4(2) ADCS3(2) ADCS2(2) ADCS1(2) ADCS0(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 ADRC: ADC1 Conversion Clock Source bit

1 = ADC internal RC clock
0 = Clock derived from system clock

bit 14-13 Unimplemented: Read as ‘0’

bit 12-8 SAMC<4:0>: Auto-Sample Time bits(1)

11111 = 31 TAD

•
•
•
00001 = 1 TAD

00000 = 0 TAD

bit 7-0 ADCS<7:0>: ADC1 Conversion Clock Select bits(2)

11111111 = TP • (ADCS<7:0> + 1) = TP •256 = TAD

•
•
•
00000010 = TP • (ADCS<7:0> + 1) = TP •3 = TAD 
00000001 = TP • (ADCS<7:0> + 1) = TP •2 = TAD

00000000 = TP • (ADCS<7:0> + 1) = TP •1 = TAD

Note 1: This bit is only used if SSRC<2:0> (AD1CON1<7:5>) = 111 and SSRCG (AD1CON1<4>) = 0.

2: This bit is not used if ADRC (AD1CON3<15>) = 1.
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bit 7-6 EVPOL<1:0>: Trigger/Event/Interrupt Polarity Select bits

11 = Trigger/event/interrupt generated on any change of the comparator output (while CEVT = 0)
10 = Trigger/event/interrupt generated only on high-to-low transition of the polarity selected comparator

output (while CEVT = 0)

If CPOL = 1 (inverted polarity):
Low-to-high transition of the comparator output.

If CPOL = 0 (non-inverted polarity):
High-to-low transition of the comparator output.

01 = Trigger/event/interrupt generated only on low-to-high transition of the polarity-selected comparator
output (while CEVT = 0)

If CPOL = 1 (inverted polarity):
High-to-low transition of the comparator output.

If CPOL = 0 (non-inverted polarity):
Low-to-high transition of the comparator output

00 = Trigger/event/interrupt generation is disabled

bit 5 Unimplemented: Read as ‘0’

bit 4 CREF: Comparator Reference Select bit (VIN+ input)(1)

1 = VIN+ input connects to internal CVREFIN voltage(2)

0 = VIN+ input connects to CxIN1+ pin

bit 3-2 Unimplemented: Read as ‘0’

bit 1-0 CCH<1:0>: Op Amp/Comparator Channel Select bits(1)

11 = Unimplemented
10 = Unimplemented
01 = Inverting input of the comparator connects to the CxIN2- pin(2)

00 = Inverting input of the op amp/comparator connects to the CxIN1- pin

REGISTER 25-2: CMxCON: COMPARATOR x CONTROL REGISTER (x = 1, 2 OR 3) (CONTINUED)

Note 1: Inputs that are selected and not available will be tied to VSS. See the “Pin Diagrams” section for available 
inputs for each package.

2: This output is not available when OPMODE (CMxCON<10>) = 1.
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27.2 User ID Words

dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X
and PIC24EPXXXGP/MC20X devices contain four
User ID Words, located at addresses, 0x800FF8
through 0x800FFE. The User ID Words can be used for
storing product information such as serial numbers,
system manufacturing dates, manufacturing lot
numbers and other application-specific information. 

The User ID Words register map is shown in
Table 27-3.

TABLE 27-3: USER ID WORDS REGISTER 
MAP

27.3 On-Chip Voltage Regulator

All of the dsPIC33EPXXXGP50X,
dsPIC33EPXXXMC20X/50X and PIC24EPXXXGP/
MC20X devices power their core digital logic at a
nominal 1.8V. This can create a conflict for designs that
are required to operate at a higher typical voltage, such
as 3.3V. To simplify system design, all devices in the
dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X
and PIC24EPXXXGP/MC20X family incorporate an on-
chip regulator that allows the device to run its core logic
from VDD.

The regulator provides power to the core from the other
VDD pins. A low-ESR (less than 1 Ohm) capacitor (such
as tantalum or ceramic) must be connected to the VCAP

pin (Figure 27-1). This helps to maintain the stability of
the regulator. The recommended value for the filter
capacitor is provided in Table 30-5 located in
Section 30.0 “Electrical Characteristics”. 

FIGURE 27-1: CONNECTIONS FOR THE 
ON-CHIP VOLTAGE 
REGULATOR(1,2,3)

27.4 Brown-out Reset (BOR)

The Brown-out Reset (BOR) module is based on an
internal voltage reference circuit that monitors the reg-
ulated supply voltage, VCAP. The main purpose of the
BOR module is to generate a device Reset when a
brown-out condition occurs. Brown-out conditions are
generally caused by glitches on the AC mains (for
example, missing portions of the AC cycle waveform
due to bad power transmission lines or voltage sags
due to excessive current draw when a large inductive
load is turned on).

A BOR generates a Reset pulse, which resets the
device. The BOR selects the clock source, based on
the device Configuration bit values (FNOSC<2:0> and
POSCMD<1:0>).

If an oscillator mode is selected, the BOR activates the
Oscillator Start-up Timer (OST). The system clock is
held until OST expires. If the PLL is used, the clock is
held until the LOCK bit (OSCCON<5>) is ‘1’.

Concurrently, the PWRT Time-out (TPWRT) is applied
before the internal Reset is released. If TPWRT = 0 and
a crystal oscillator is being used, then a nominal delay
of TFSCM is applied. The total delay in this case is
TFSCM. Refer to Parameter SY35 in Table 30-22 of
Section 30.0 “Electrical Characteristics” for specific
TFSCM values.

The BOR status bit (RCON<1>) is set to indicate that a
BOR has occurred. The BOR circuit continues to oper-
ate while in Sleep or Idle modes and resets the device
should VDD fall below the BOR threshold voltage.

File Name Address Bits 23-16 Bits 15-0

FUID0 0x800FF8 — UID0

FUID1 0x800FFA — UID1

FUID2 0x800FFC — UID2

FUID3 0x800FFE — UID3

Legend: — = unimplemented, read as ‘1’.

Note: It is important for the low-ESR capacitor to
be placed as close as possible to the VCAP

pin.

Note 1: These are typical operating voltages. 
Refer to Table 30-5 located in 
Section 30.1 “DC Characteristics” for 
the full operating ranges of VDD and VCAP. 

2: It is important for the low-ESR capacitor 
to be placed as close as possible to the 
VCAP pin.

3: Typical VCAP pin voltage = 1.8V when 
VDD ≥ VDDMIN.

VDD

VCAP

VSS

dsPIC33E/PIC24E

3.3V

CEFC
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27.5 Watchdog Timer (WDT)

For dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/
50X and PIC24EPXXXGP/MC20X devices, the WDT is
driven by the LPRC oscillator. When the WDT is
enabled, the clock source is also enabled.

27.5.1 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 30-22.

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

27.5.2 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. 

27.5.3 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 automatically
cleared following a WDT time-out. To detect subsequent
WDT events, the flag must be cleared in software.

27.5.4 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 27-2: 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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TABLE 30-7: DC CHARACTERISTICS: IDLE CURRENT (IIDLE)  

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

Parameter 
No.

Typ. Max. Units Conditions

Idle Current (IIDLE)(1)

DC40d 3 8 mA -40°C

3.3V 10 MIPS
DC40a 3 8 mA +25°C

DC40b 3 8 mA +85°C

DC40c 3 8 mA +125°C

DC42d 6 12 mA -40°C

3.3V 20 MIPS
DC42a 6 12 mA +25°C

DC42b 6 12 mA +85°C

DC42c 6 12 mA +125°C

DC44d 11 18 mA -40°C

3.3V 40 MIPS
DC44a 11 18 mA +25°C

18DC44b 11 mA +85°C

18DC44c 11 mA +125°C

DC45d 17 27 mA -40°C

3.3V 60 MIPS
DC45a 17 27 mA +25°C

27DC45b 17 mA +85°C

27DC45c 17 mA +125°C

DC46d 20 35 mA -40°C

3.3V 70 MIPSDC46a 20 35 mA +25°C

35DC46b 20 mA +85°C

Note 1: Base Idle current (IIDLE) 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 = VDD, WDT and FSCM are disabled

• No peripheral modules are operating; however, every peripheral is being clocked (all PMDx bits are 
zeroed)

• The NVMSIDL bit (NVMCON<12>) = 1 (i.e., Flash regulator is set to standby while the device is in 
Idle 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 30-11: DC CHARACTERISTICS: I/O PIN INPUT SPECIFICATIONS

DC CHARACTERISTICS

Standard Operating Conditions: 3.0V to 3.6V
(unless otherwise stated)
Operating temperature -40°C  TA  +85°C for Industrial

-40°C  TA  +125°C for Extended

Param
 No.

Symbol Characteristic Min. Typ. Max. Units Conditions

VIL Input Low Voltage

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

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

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

VIH Input High Voltage

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

I/O Pins 5V Tolerant and 
MCLR

0.8 VDD — 5.5 V (Note 3)

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

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

ICNPU Change Notification 
Pull-up Current

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

ICNPD Change Notification 
Pull-Down Current(4)

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

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

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

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

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

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

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

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

8: Any number and/or combination of I/O pins not excluded under IICL or IICH conditions are permitted 
provided the mathematical “absolute instantaneous” sum of the input injection currents from all pins do not 
exceed the specified limit. Characterized but not tested.
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TABLE 30-47: SPI1 SLAVE MODE (FULL-DUPLEX, CKE = 0, CKP = 1, SMP = 0) 
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. Symbol Characteristic(1) Min. Typ.(2) Max. Units Conditions

SP70 FscP Maximum SCK1 Input Frequency — — 15 MHz (Note 3)

SP72 TscF SCK1 Input Fall Time — — — ns See Parameter DO32 
(Note 4)

SP73 TscR SCK1 Input Rise Time — — — ns See Parameter DO31 
(Note 4)

SP30 TdoF SDO1 Data Output Fall Time — — — ns See Parameter DO32 
(Note 4)

SP31 TdoR SDO1 Data Output Rise Time — — — ns See Parameter DO31 
(Note 4)

SP35 TscH2doV,
TscL2doV

SDO1 Data Output Valid after
SCK1 Edge

— 6 20 ns

SP36 TdoV2scH, 
TdoV2scL

SDO1 Data Output Setup to
First SCK1 Edge

30 — — ns

SP40 TdiV2scH, 
TdiV2scL

Setup Time of SDI1 Data Input
to SCK1 Edge

30 — — ns

SP41 TscH2diL, 
TscL2diL

Hold Time of SDI1 Data Input
to SCK1 Edge 

30 — — ns

SP50 TssL2scH, 
TssL2scL

SS1  to SCK1  or SCK1 
Input

120 — — ns

SP51 TssH2doZ SS1  to SDO1 Output
High-Impedance

10 — 50 ns (Note 4)

SP52 TscH2ssH,
TscL2ssH

SS1 after SCK1 Edge 1.5 TCY + 40 — — ns (Note 4)

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 SCK1 is 66.7 ns. Therefore, the SCK1 clock generated by the master must 
not violate this specification.

4: Assumes 50 pF load on all SPI1 pins.
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