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Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

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

Applications of "Embedded -
Microcontrollers"

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

Common Subcategories of "Embedded -
Microcontrollers"

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

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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Speed 60 MIPs

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

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

Number of I/O 35

Program Memory Size 32KB (10.7K x 24)

Program Memory Type FLASH

EEPROM Size -

RAM Size 2K x 16

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

Data Converters A/D 9x10b/12b

Oscillator Type Internal

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

Mounting Type Surface Mount

Package / Case 48-UFQFN Exposed Pad

Supplier Device Package 48-UQFN (6x6)
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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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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.
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02 DEVICES ONLY

02 DEVICES ONLY

Bit 3 Bit 2 Bit 1 Bit 0
All 

Resets

4 TRISA3 TRISA2 TRISA1 TRISA0 001F

RA3 RA2 RA1 RA0 0000

4 LATA3 LATA2 LA1TA1 LA0TA0 0000

4 ODCA3 ODCA2 ODCA1 ODCA0 0000

4 CNIEA3 CNIEA2 CNIEA1 CNIEA0 0000

A4 CNPUA3 CNPUA2 CNPUA1 CNPUA0 0000

A4 CNPDA3 CNPDA2 CNPDA1 CNPDA0 0000

4 — — ANSA1 ANSA0 0013

4 Bit 3 Bit 2 Bit 1 Bit 0
All 

Resets

B4 TRISB3 TRISB2 TRISB1 TRISB0 FFFF

4 RB3 RB2 RB1 RB0 xxxx

4 LATB3 LATB2 LATB1 LATB0 xxxx

B4 ODCB3 ODCB2 ODCB1 ODCB0 0000

B4 CNIEB3 CNIEB2 CNIEB1 CNIEB0 0000

B4 CNPUB3 CNPUB2 CNPUB1 CNPUB0 0000

B4 CNPDB3 CNPDB2 CNPDB1 CNPDB0 0000

ANSB3 ANSB2 ANSB1 ANSB0 010F
TABLE 4-59: PORTA REGISTER MAP FOR PIC24EPXXXGP/MC202 AND dsPIC33EPXXXGP/MC202/5

TABLE 4-60: PORTB REGISTER MAP FOR PIC24EPXXXGP/MC202 AND dsPIC33EPXXXGP/MC202/5

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

TRISA 0E00 — — — — — — — — — — — TRISA

PORTA 0E02 — — — — — — — — — — — RA4

LATA 0E04 — — — — — — — — — — — LATA

ODCA 0E06 — — — — — — — — — — — ODCA

CNENA 0E08 — — — — — — — — — — — CNIEA

CNPUA 0E0A — — — — — — — — — — — CNPU

CNPDA 0E0C — — — — — — — — — — — CNPD

ANSELA 0E0E — — — — — — — — — — — ANSA

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

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 

TRISB 0E10 TRISB15 TRISB14 TRISB13 TRISB12 TRISB11 TRISB10 TRISB9 TRISB8 TRISB7 TRISB6 TRISB5 TRIS

PORTB 0E12 RB15 RB14 RB13 RB12 RB11 RB10 RB9 RB8 RB7 RB6 RB5 RB

LATB 0E14 LATB15 LATB14 LATB13 LATB12 LATB11 LATB10 LATB9 LATB8 LATB7 LATB6 LATB5 LATB

ODCB 0E16 ODCB15 ODCB14 ODCB13 ODCB12 ODCB11 ODCB10 ODCB9 ODCB8 ODCB7 ODCB6 ODCB5 ODC

CNENB 0E18 CNIEB15 CNIEB14 CNIEB13 CNIEB12 CNIEB11 CNIEB10 CNIEB9 CNIEB8 CNIEB7 CNIEB6 CNIEB5 CNIE

CNPUB 0E1A CNPUB15 CNPUB14 CNPUB13 CNPUB12 CNPUB11 CNPUB10 CNPUB9 CNPUB8 CNPUB7 CNPUB6 CNPUB5 CNPU

CNPDB 0E1C CNPDB15 CNPDB14 CNPDB13 CNPDB12 CNPDB11 CNPDB10 CNPDB9 CNPDB8 CNPDB7 CNPDB6 CNPDB5 CNPD

ANSELB 0E1E — — — — — — — ANSB8 — — — —

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



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
 

 

REGISTER 8-7: DMAXPAD: DMA CHANNEL X PERIPHERAL ADDRESS REGISTER(1)

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

PAD<15:8>

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

PAD<7:0>

bit 7 bit 0

Legend:

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

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

bit 15-0 PAD<15:0>: Peripheral Address Register bits

Note 1: If the channel is enabled (i.e., active), writes to this register may result in unpredictable behavior of the 
DMA channel and should be avoided.

REGISTER 8-8: DMAXCNT: DMA CHANNEL X TRANSFER COUNT REGISTER(1)

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

— — CNT<13:8>(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

CNT<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 15-14 Unimplemented: Read as ‘0’

bit 13-0 CNT<13:0>: DMA Transfer Count Register bits(2)

Note 1: If the channel is enabled (i.e., active), writes to this register may result in unpredictable behavior of the 
DMA channel and should be avoided.

2: The number of DMA transfers = CNT<13:0> + 1.
DS70000657H-page 146  2011-2013 Microchip Technology Inc.



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
bit 4 Unimplemented: Read as ‘0’

bit 3 CF: Clock Fail Detect bit(3)

1 = FSCM has detected clock failure
0 = FSCM has not detected clock failure

bit 2-1 Unimplemented: Read as ‘0’

bit 0 OSWEN: Oscillator Switch Enable bit

1 = Requests oscillator switch to selection specified by the NOSC<2:0> bits
0 = Oscillator switch is complete

REGISTER 9-1: OSCCON: OSCILLATOR CONTROL REGISTER(1) (CONTINUED)

Note 1: Writes to this register require an unlock sequence. Refer to “Oscillator” (DS70580) in the “dsPIC33/
PIC24 Family Reference Manual” (available from the Microchip web site) for details.

2: Direct clock switches between any primary oscillator mode with PLL and FRCPLL mode are not permitted. 
This applies to clock switches in either direction. In these instances, the application must switch to FRC 
mode as a transitional clock source between the two PLL modes.

3: This bit should only be cleared in software. Setting the bit in software (= 1) will have the same effect as an 
actual oscillator failure and trigger an oscillator failure trap.
 2011-2013 Microchip Technology Inc. DS70000657H-page 157



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
REGISTER 10-3: PMD3: PERIPHERAL MODULE DISABLE CONTROL REGISTER 3

REGISTER 10-4: PMD4: PERIPHERAL MODULE DISABLE CONTROL REGISTER 4

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

— — — — — CMPMD — —

bit 15 bit 8

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

CRCMD — — — — — I2C2MD —

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 15-11 Unimplemented: Read as ‘0’

bit 10 CMPMD: Comparator Module Disable bit

1 = Comparator module is disabled
0 = Comparator module is enabled

bit 9-8 Unimplemented: Read as ‘0’

bit 7 CRCMD: CRC Module Disable bit

1 = CRC module is disabled
0 = CRC module is enabled

bit 6-2 Unimplemented: Read as ‘0’

bit 1 I2C2MD: I2C2 Module Disable bit

1 = I2C2 module is disabled
0 = I2C2 module is enabled

bit 0 Unimplemented: Read as ‘0’

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

— — — — — — — —

bit 15 bit 8

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

— — — — REFOMD CTMUMD — —

bit 7 bit 0

Legend:

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

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

bit 15-4 Unimplemented: Read as ‘0’

bit 3 REFOMD: Reference Clock Module Disable bit

1 = Reference clock module is disabled
0 = Reference clock module is enabled

bit 2 CTMUMD: CTMU Module Disable bit

1 = CTMU module is disabled
0 = CTMU module is enabled

bit 1-0 Unimplemented: Read as ‘0’
 2011-2013 Microchip Technology Inc. DS70000657H-page 169



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
REGISTER 11-15: RPINR37: PERIPHERAL PIN SELECT INPUT REGISTER 37
(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

— SYNCI1R<6:0>

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 Unimplemented: Read as ‘0’ 

bit 14-8 SYNCI1R<6:0>: Assign PWM Synchronization Input 1 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 7-0 Unimplemented: Read as ‘0’
DS70000657H-page 194  2011-2013 Microchip Technology Inc.



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
14.2 Input Capture Registers 

REGISTER 14-1: ICxCON1: INPUT CAPTURE x CONTROL REGISTER 1

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

— — ICSIDL ICTSEL2 ICTSEL1 ICTSEL0 — —

bit 15 bit 8

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

— ICI1 ICI0 ICOV ICBNE ICM2 ICM1 ICM0

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 15-14 Unimplemented: Read as ‘0’

bit 13 ICSIDL: Input Capture Stop in Idle Control bit 

1 = Input capture will Halt in CPU Idle mode
0 = Input capture will continue to operate in CPU Idle mode

bit 12-10 ICTSEL<2:0>: Input Capture Timer Select bits

111 = Peripheral clock (FP) is the clock source of the ICx
110 = Reserved
101 = Reserved
100 = T1CLK is the clock source of the ICx (only the synchronous clock is supported)
011 = T5CLK is the clock source of the ICx
010 = T4CLK is the clock source of the ICx
001 = T2CLK is the clock source of the ICx
000 = T3CLK is the clock source of the ICx

bit 9-7 Unimplemented: Read as ‘0’

bit 6-5 ICI<1:0>: Number of Captures per Interrupt Select bits (this field is not used if ICM<2:0> = 001 or 111)

11 = Interrupt on every fourth capture event
10 = Interrupt on every third capture event
01 = Interrupt on every second capture event
00 = Interrupt on every capture event

bit 4 ICOV: Input Capture Overflow Status Flag bit (read-only)

1 = Input capture buffer overflow occurred
0 = No input capture buffer overflow occurred

bit 3 ICBNE: Input Capture Buffer Not Empty Status bit (read-only)

1 = Input capture buffer is not empty, at least one more capture value can be read
0 = Input capture buffer is empty

bit 2-0 ICM<2:0>: Input Capture Mode Select bits

111 = Input capture functions as interrupt pin only in CPU Sleep and Idle modes (rising edge detect
only, all other control bits are not applicable)

110 = Unused (module is disabled)
101 = Capture mode, every 16th rising edge (Prescaler Capture mode)
100 = Capture mode, every 4th rising edge (Prescaler Capture mode)
011 = Capture mode, every rising edge (Simple Capture mode)
010 = Capture mode, every falling edge (Simple Capture mode)
001 = Capture mode, every edge rising and falling (Edge Detect mode (ICI<1:0>) is not used in this mode)
000 = Input capture module is turned off
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bit 7-6 DTC<1:0>: Dead-Time Control bits

11 = Dead-Time Compensation mode
10 = Dead-time function is disabled
01 = Negative dead time is actively applied for Complementary Output mode
00 = Positive dead time is actively applied for all output modes

bit 5 DTCP: Dead-Time Compensation Polarity bit(3)

When Set to ‘1’:
If DTCMPx = 0, PWMxL is shortened and PWMxH is lengthened.
If DTCMPx = 1, PWMxH is shortened and PWMxL is lengthened.

When Set to ‘0’:
If DTCMPx = 0, PWMxH is shortened and PWMxL is lengthened.
If DTCMPx = 1, PWMxL is shortened and PWMxH is lengthened.

bit 4 Unimplemented: Read as ‘0’

bit 3 MTBS: Master Time Base Select bit

1 = PWM generator uses the secondary master time base for synchronization and as the clock source
for the PWM generation logic (if secondary time base is available)

0 = PWM generator uses the primary master time base for synchronization and as the clock source
for the PWM generation logic

bit 2 CAM: Center-Aligned Mode Enable bit(2,4)

1 = Center-Aligned mode is enabled
0 = Edge-Aligned mode is enabled

bit 1 XPRES: External PWMx Reset Control bit(5)

1 = Current-limit source resets the time base for this PWM generator if it is in Independent Time Base
mode 

0 = External pins do not affect PWMx time base

bit 0 IUE: Immediate Update Enable bit(2)

1 = Updates to the active MDC/PDCx/DTRx/ALTDTRx/PHASEx registers are immediate
0 = Updates to the active MDC/PDCx/DTRx/ALTDTRx/PHASEx registers are synchronized to the

PWMx period boundary

REGISTER 16-7: PWMCONx: PWMx CONTROL REGISTER (CONTINUED)

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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18.3 SPIx Control Registers

REGISTER 18-1: SPIxSTAT: SPIx STATUS AND CONTROL REGISTER

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

SPIEN — SPISIDL — — SPIBEC<2:0>

bit 15 bit 8

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

SRMPT SPIROV SRXMPT SISEL2 SISEL1 SISEL0 SPITBF SPIRBF

bit 7 bit 0

Legend: C = Clearable bit HS = Hardware Settable bit HC = Hardware 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 SPIEN: SPIx Enable bit

1 = Enables the module and configures SCKx, SDOx, SDIx and SSx as serial port pins
0 = Disables the module

bit 14 Unimplemented: Read as ‘0’

bit 13 SPISIDL: SPIx Stop in Idle Mode bit

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

bit 12-11 Unimplemented: Read as ‘0’

bit 10-8 SPIBEC<2:0>: SPIx Buffer Element Count bits (valid in Enhanced Buffer mode)

Master mode:
Number of SPIx transfers that are pending.

Slave mode:
Number of SPIx transfers that are unread.

bit 7 SRMPT: SPIx Shift Register (SPIxSR) Empty bit (valid in Enhanced Buffer mode)

1 = SPIx Shift register is empty and Ready-To-Send or receive the data
0 = SPIx Shift register is not empty

bit 6 SPIROV: SPIx Receive Overflow Flag bit

1 = A new byte/word is completely received and discarded; the user application has not read the previous
data in the SPIxBUF register

0 = No overflow has occurred

bit 5 SRXMPT: SPIx Receive FIFO Empty bit (valid in Enhanced Buffer mode)

1 = RX FIFO is empty
0 = RX FIFO is not empty

bit 4-2 SISEL<2:0>: SPIx Buffer Interrupt Mode bits (valid in Enhanced Buffer mode)

111 = Interrupt when the SPIx transmit buffer is full (SPITBF bit is set)
110 = Interrupt when last bit is shifted into SPIxSR and as a result, the TX FIFO is empty
101 = Interrupt when the last bit is shifted out of SPIxSR and the transmit is complete
100 = Interrupt when one data is shifted into the SPIxSR and as a result, the TX FIFO has one open

memory location
011 = Interrupt when the SPIx receive buffer is full (SPIRBF bit is set)
010 = Interrupt when the SPIx receive buffer is 3/4 or more full
001 = Interrupt when data is available in the receive buffer (SRMPT bit is set)
000 = Interrupt when the last data in the receive buffer is read and as a result, the buffer is empty

(SRXMPT bit is set)
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FIGURE 21-1: ECAN™ MODULE BLOCK DIAGRAM
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REGISTER 21-3: CxVEC: ECANx INTERRUPT CODE REGISTER

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

— — — FILHIT4 FILHIT3 FILHIT2 FILHIT1 FILHIT0

bit 15 bit 8

U-0 R-1 R-0 R-0 R-0 R-0 R-0 R-0

— ICODE6 ICODE5 ICODE4 ICODE3 ICODE2 ICODE1 ICODE0

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 12-8 FILHIT<4:0>: Filter Hit Number bits

10000-11111 = Reserved
01111 = Filter 15

•

•

•

00001 = Filter 1
00000 = Filter 0

bit 7 Unimplemented: Read as ‘0’

bit 6-0 ICODE<6:0>: Interrupt Flag Code bits

1000101-1111111 = Reserved
1000100 = FIFO almost full interrupt
1000011 = Receiver overflow interrupt
1000010 = Wake-up interrupt
1000001 = Error interrupt
1000000 = No interrupt

•

•

•

0010000-0111111 = Reserved
0001111 = RB15 buffer interrupt 

•

•

•

0001001 = RB9 buffer interrupt 
0001000 = RB8 buffer interrupt 
0000111 = TRB7 buffer interrupt
0000110 = TRB6 buffer interrupt
0000101 = TRB5 buffer interrupt
0000100 = TRB4 buffer interrupt
0000011 = TRB3 buffer interrupt
0000010 = TRB2 buffer interrupt
0000001 = TRB1 buffer interrupt
0000000 = TRB0 buffer interrupt
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REGISTER 21-22: CxRXFUL1: ECANx RECEIVE BUFFER FULL REGISTER 1

R/C-0 R/C-0 R/C-0 R/C-0 R/C-0 R/C-0 R/C-0 R/C-0

RXFUL15 RXFUL14 RXFUL13 RXFUL12 RXFUL11 RXFUL10 RXFUL9 RXFUL8

bit 15 bit 8

R/C-0 R/C-0 R/C-0 R/C-0 R/C-0 R/C-0 R/C-0 R/C-0

RXFUL7 RXFUL6 RXFUL5 RXFUL4 RXFUL3 RXFUL2 RXFUL1 RXFUL0

bit 7 bit 0

Legend: C = Writable bit, but only ‘0’ can be written to clear the 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 15-0 RXFUL<15:0>: Receive Buffer n Full bits

1 = Buffer is full (set by module) 
0 = Buffer is empty (cleared by user software)

REGISTER 21-23: CxRXFUL2: ECANx RECEIVE BUFFER FULL REGISTER 2

R/C-0 R/C-0 R/C-0 R/C-0 R/C-0 R/C-0 R/C-0 R/C-0

RXFUL31 RXFUL30 RXFUL29 RXFUL28 RXFUL27 RXFUL26 RXFUL25 RXFUL24

bit 15 bit 8

R/C-0 R/C-0 R/C-0 R/C-0 R/C-0 R/C-0 R/C-0 R/C-0

RXFUL23 RXFUL22 RXFUL21 RXFUL20 RXFUL19 RXFUL18 RXFUL17 RXFUL16

bit 7 bit 0

Legend: C = Writable bit, but only ‘0’ can be written to clear the 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 15-0 RXFUL<31:16>: Receive Buffer n Full bits

1 = Buffer is full (set by module) 
0 = Buffer is empty (cleared by user software)
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REGISTER 23-2: AD1CON2: ADC1 CONTROL REGISTER 2

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

VCFG2 VCFG1 VCFG0 — — CSCNA CHPS1 CHPS0

bit 15 bit 8

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

BUFS SMPI4 SMPI3 SMPI2 SMPI1 SMPI0 BUFM ALTS

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 VCFG<2:0>: Converter Voltage Reference Configuration bits    

bit 12-11 Unimplemented: Read as ‘0’

bit 10 CSCNA: Input Scan Select bit

1 = Scans inputs for CH0+ during Sample MUXA
0 = Does not scan inputs

bit 9-8 CHPS<1:0>: Channel Select bits

In 12-bit mode (AD21B = 1), the CHPS<1:0> bits are Unimplemented and are Read as ‘0’:
1x = Converts CH0, CH1, CH2 and CH3
01 = Converts CH0 and CH1
00 = Converts CH0

bit 7 BUFS: Buffer Fill Status bit (only valid when BUFM = 1)

1 = ADC is currently filling the second half of the buffer; the user application should access data in the
first half of the buffer

0 = ADC is currently filling the first half of the buffer; the user application should access data in the
second half of the buffer

bit 6-2 SMPI<4:0>: Increment Rate bits

When ADDMAEN = 0:
x1111 = Generates interrupt after completion of every 16th sample/conversion operation
x1110 = Generates interrupt after completion of every 15th sample/conversion operation
•
•
•
x0001 = Generates interrupt after completion of every 2nd sample/conversion operation
x0000 = Generates interrupt after completion of every sample/conversion operation

When ADDMAEN = 1:
11111 = Increments the DMA address after completion of every 32nd sample/conversion operation
11110 = Increments the DMA address after completion of every 31st sample/conversion operation
•
•
•
00001 = Increments the DMA address after completion of every 2nd sample/conversion operation
00000 = Increments the DMA address after completion of every sample/conversion operation

Value VREFH VREFL

000 AVDD Avss

001 External VREF+ Avss

010 AVDD External VREF-

011 External VREF+ External VREF-

1xx AVDD AVSS
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FIGURE 25-2: COMPARATOR MODULE BLOCK DIAGRAM (MODULE 4)

FIGURE 25-3: OP AMP/COMPARATOR VOLTAGE REFERENCE BLOCK DIAGRAM
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25.1.2 OP AMP CONFIGURATION B

Figure 25-7 shows a typical inverting amplifier circuit
with the output of the op amp (OAxOUT) externally
routed to a separate analog input pin (ANy) on the
device. This op amp configuration is slightly different in
terms of the op amp output and the ADC input
connection, therefore, RINT1 is not included in the
transfer function. However, this configuration requires
the designer to externally route the op amp output
(OAxOUT) to another analog input pin (ANy). See
Table 30-53 in Section 30.0 “Electrical Characteris-
tics” for the typical value of RINT1. Table 30-60 and
Table 30-61 in Section 30.0 “Electrical Characteris-
tics” describe the minimum sample time (TSAMP)
requirements for the ADC module in this configuration.

Figure 25-7 also defines the equation to be used to
calculate the expected voltage at point VOAXOUT. This
is the typical inverting amplifier equation.

25.2 Op Amp/Comparator 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.

25.2.1 KEY RESOURCES

• “Op Amp/Comparator” (DS70357) in the 
“dsPIC33/PIC24 Family Reference Manual”

• Code Samples

• Application Notes

• Software Libraries

• Webinars

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

• Development Tools

FIGURE 25-7: OP AMP CONFIGURATION B

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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Note 1: See Table 30-53 for the Typical value.

2: See Table 30-53 for the Minimum value for the feedback resistor.

3: See Table 30-60 and Table 30-61 for the minimum sample time (TSAMP).

4: CVREF1O or CVREF2O are two options that are available for supplying bias voltage to the op amps.
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REGISTER 25-5: CMxMSKCON: COMPARATOR x MASK GATING 
CONTROL REGISTER

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

HLMS — OCEN OCNEN OBEN OBNEN OAEN OANEN

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

NAGS PAGS ACEN ACNEN ABEN ABNEN AAEN AANEN

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 HLMS: High or Low-Level Masking Select bits

1 = The masking (blanking) function will prevent any asserted (‘0’) comparator signal from propagating
0 = The masking (blanking) function will prevent any asserted (‘1’) comparator signal from propagating

bit 14 Unimplemented: Read as ‘0’

bit 13 OCEN: OR Gate C Input Enable bit

1 = MCI is connected to OR gate
0 = MCI is not connected to OR gate

bit 12 OCNEN: OR Gate C Input Inverted Enable bit

1 = Inverted MCI is connected to OR gate
0 = Inverted MCI is not connected to OR gate

bit 11 OBEN: OR Gate B Input Enable bit

1 = MBI is connected to OR gate
0 = MBI is not connected to OR gate

bit 10 OBNEN: OR Gate B Input Inverted Enable bit

1 = Inverted MBI is connected to OR gate
0 = Inverted MBI is not connected to OR gate

bit 9 OAEN: OR Gate A Input Enable bit

1 = MAI is connected to OR gate
0 = MAI is not connected to OR gate

bit 8 OANEN: OR Gate A Input Inverted Enable bit

1 = Inverted MAI is connected to OR gate
0 = Inverted MAI is not connected to OR gate

bit 7 NAGS: AND Gate Output Inverted Enable bit
1 = Inverted ANDI is connected to OR gate
0 = Inverted ANDI is not connected to OR gate

bit 6 PAGS: AND Gate Output Enable bit
1 = ANDI is connected to OR gate
0 = ANDI is not connected to OR gate

bit 5 ACEN: AND Gate C Input Enable bit

1 = MCI is connected to AND gate
0 = MCI is not connected to AND gate

bit 4 ACNEN: AND Gate C Input Inverted Enable bit

1 = Inverted MCI is connected to AND gate
0 = Inverted MCI is not connected to AND gate
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26.3 Programmable CRC Registers

REGISTER 26-1: CRCCON1: CRC CONTROL REGISTER 1

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

CRCEN — CSIDL VWORD4 VWORD3 VWORD2 VWORD1 VWORD0

bit 15 bit 8

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

CRCFUL CRCMPT CRCISEL CRCGO LENDIAN — — —

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 CRCEN: CRC Enable bit

1 = CRC module is enabled
0 = CRC module is disabled; all state machines, pointers and CRCWDAT/CRCDAT are reset, other

SFRs are not reset

bit 14 Unimplemented: Read as ‘0’

bit 13 CSIDL: CRC Stop in Idle Mode bit

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

bit 12-8 VWORD<4:0>: Pointer Value bits

Indicates the number of valid words in the FIFO. Has a maximum value of 8 when PLEN<4:0> > 7
or 16 when PLEN<4:0> 7. 

bit 7 CRCFUL: CRC FIFO Full bit

1 = FIFO is full 
0 = FIFO is not full 

bit 6 CRCMPT: CRC FIFO Empty Bit

1 = FIFO is empty 
0 = FIFO is not empty 

bit 5 CRCISEL: CRC Interrupt Selection bit

1 = Interrupt on FIFO is empty; final word of data is still shifting through CRC 
0 = Interrupt on shift is complete and CRCWDAT results are ready 

bit 4 CRCGO: Start CRC bit

1 = Starts CRC serial shifter
0 = CRC serial shifter is turned off

bit 3 LENDIAN: Data Word Little-Endian Configuration bit

1 = Data word is shifted into the CRC starting with the LSb (little endian)
0 = Data word is shifted into the CRC starting with the MSb (big endian)

bit 2-0 Unimplemented: Read as ‘0’
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TABLE 31-4: DC CHARACTERISTICS: POWER-DOWN CURRENT (IPD)

TABLE 31-5: DC CHARACTERISTICS: IDLE CURRENT (IIDLE)

TABLE 31-6: DC CHARACTERISTICS: OPERATING CURRENT (IDD)

TABLE 31-7: DC CHARACTERISTICS: DOZE CURRENT (IDOZE)

DC CHARACTERISTICS
Standard Operating Conditions: 3.0V to 3.6V
(unless otherwise stated)
Operating temperature -40°C  TA  +150°C

Parameter 
No.

Typical Max Units Conditions

Power-Down Current (IPD)

HDC60e 1400 2500 A +150°C 3.3V Base Power-Down Current
(Notes 1, 3)

HDC61c 15 — A +150°C 3.3V Watchdog Timer Current: IWDT

(Notes 2, 4)

Note 1: Base IPD is measured with all peripherals and clocks shut down. All I/Os are configured as inputs and 
pulled to VSS. WDT, etc., are all switched off and VREGS (RCON<8>) = 1.

2: The  current is the additional current consumed when the module is enabled. This current should be 
added to the base IPD current.

3: These currents are measured on the device containing the most memory in this family.

4: These parameters are characterized, but are not tested in manufacturing.

DC CHARACTERISTICS
Standard Operating Conditions: 3.0V to 3.6V
(unless otherwise stated)
Operating temperature -40°C  TA  +150°C

Parameter 
No.

Typical Max Units Conditions

HDC44e 12 30 mA +150°C 3.3V 40 MIPS

DC CHARACTERISTICS
Standard Operating Conditions: 3.0V to 3.6V
(unless otherwise stated)
Operating temperature -40°C  TA  +150°C

Parameter 
No.

Typical Max Units Conditions

HDC20 9 15 mA +150°C 3.3V 10 MIPS

HDC22 16 25 mA +150°C 3.3V 20 MIPS

HDC23 30 50 mA +150°C 3.3V 40 MIPS

DC CHARACTERISTICS
Standard Operating Conditions: 3.0V to 3.6V
(unless otherwise stated)
Operating temperature -40°C  TA  +150°C

Parameter 
No.

Typical Max
Doze 
Ratio

Units Conditions

HDC72a 24 35 1:2 mA

+150°C 3.3V 40 MIPSHDC72f(1) 14 — 1:64 mA

HDC72g(1) 12 — 1:128 mA

Note 1: Parameters with Doze ratios of 1:64 and 1:128 are characterized, but are not tested in manufacturing.
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Section 30.0 “Electrical 
Characteristics”

Removed Voltage on VCAP with respect to Vss and added Note 5 in Absolute 
Maximum Ratings(1).

Removed Parameter DC18 (VCORE) and Note 3 from the DC Temperature and 
Voltage Specifications (see Table 30-4).

Updated Note 1 in the DC Characteristics: Operating Current (IDD) (see Table 30-6).

Updated Note 1 in the DC Characteristics: Idle Current (IIDLE) (see Table 30-7).

Changed the Typical values for Parameters DC60a-DC60d and updated Note 1 in the 
DC Characteristics: Power-down Current (IPD) (see Table 30-8).

Updated Note 1 in the DC Characteristics: Doze Current (IDOZE) (see Table 30-9).

Updated Note 2 in the Electrical Characteristics: BOR (see Table 30-12).

Updated Parameters CM20 and CM31, and added Parameters CM44 and CM45 in 
the AC/DC Characteristics: Op amp/Comparator (see Table 30-14).

Added the Op amp/Comparator Reference Voltage Settling Time Specifications (see 
Table 30-15).

Added Op amp/Comparator Voltage Reference DC Specifications (see Table 30-16).

Updated Internal FRC Accuracy Parameter F20a (see Table 30-21).

Updated the Typical value and Units for Parameter CTMUI1, and added Parameters 
CTMUI4, CTMUFV1, and CTMUFV2 to the CTMU Current Source Specifications (see 
Table 30-55).

Section 31.0 “Packaging 
Information”

Updated packages by replacing references of VLAP with TLA.

“Product Identification 
System”

Changed VLAP to TLA.

TABLE A-1: MAJOR SECTION UPDATES (CONTINUED)

Section Name Update Description
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