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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) 
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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.

dsPIC33EP32GP503

PIC24EP64GP203

dsPIC33EP64GP503
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
FIGURE 4-21: BIT-REVERSED ADDRESSING EXAMPLE

TABLE 4-64: BIT-REVERSED ADDRESSING SEQUENCE (16-ENTRY)

Normal Address Bit-Reversed Address

A3 A2 A1 A0 Decimal A3 A2 A1 A0 Decimal

0 0 0 0 0 0 0 0 0 0

0 0 0 1 1 1 0 0 0 8

0 0 1 0 2 0 1 0 0 4

0 0 1 1 3 1 1 0 0 12

0 1 0 0 4 0 0 1 0 2

0 1 0 1 5 1 0 1 0 10

0 1 1 0 6 0 1 1 0 6

0 1 1 1 7 1 1 1 0 14

1 0 0 0 8 0 0 0 1 1

1 0 0 1 9 1 0 0 1 9

1 0 1 0 10 0 1 0 1 5

1 0 1 1 11 1 1 0 1 13

1 1 0 0 12 0 0 1 1 3

1 1 0 1 13 1 0 1 1 11

1 1 1 0 14 0 1 1 1 7

1 1 1 1 15 1 1 1 1 15

b3   b2    b1    0

b2   b3   b4    0

Bit Locations Swapped Left-to-Right
Around Center of Binary Value

Bit-Reversed Address

XBREV<14:0> = 0x0008 for a 16-Word Bit-Reversed Buffer

b7   b6    b5   b1

b7   b6   b5   b4b11 b10 b9   b8

b11 b10 b9   b8

b15 b14 b13 b12

b15 b14 b13 b12

Sequential Address

Pivot Point
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
REGISTER 11-5: RPINR8: PERIPHERAL PIN SELECT INPUT REGISTER 8

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

— IC4R<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

— IC3R<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 IC4R<6:0>: Assign Input Capture 4 (IC4) 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 IC3R<6:0>: Assign Input Capture 3 (IC3) 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
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
              

              

              

REGISTER 17-10: INDX1HLD: INDEX COUNTER 1 HOLD REGISTER

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

INDXHLD<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

INDXHLD<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 INDXHLD<15:0>: Hold Register for Reading and Writing INDX1CNTH bits

REGISTER 17-11: QEI1ICH: QEI1 INITIALIZATION/CAPTURE HIGH WORD REGISTER

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

QEIIC<31:24>

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

QEIIC<23:16>

bit 7 bit 0

Legend:

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

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

bit 15-0 QEIIC<31:16>: High Word Used to Form 32-Bit Initialization/Capture Register (QEI1IC) bits

REGISTER 17-12: QEI1ICL: QEI1 INITIALIZATION/CAPTURE LOW WORD REGISTER

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

QEIIC<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

QEIIC<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 QEIIC<15:0>: Low Word Used to Form 32-Bit Initialization/Capture Register (QEI1IC) bits
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
              

              

REGISTER 17-15: QEI1GECH: QEI1 GREATER THAN OR EQUAL COMPARE HIGH WORD REGISTER

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

QEIGEC<31:24>

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

QEIGEC<23:16>

bit 7 bit 0

Legend:

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

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

bit 15-0 QEIGEC<31:16>: High Word Used to Form 32-Bit Greater Than or Equal Compare Register (QEI1GEC) bits

REGISTER 17-16: QEI1GECL: QEI1 GREATER THAN OR EQUAL COMPARE LOW WORD REGISTER

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

QEIGEC<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

QEIGEC<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 QEIGEC<15:0>: Low Word Used to Form 32-Bit Greater Than or Equal Compare Register (QEI1GEC) bits
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
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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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
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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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
 

REGISTER 21-5: CxFIFO: ECANx FIFO STATUS REGISTER

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

— — FBP5 FBP4 FBP3 FBP2 FBP1 FBP0

bit 15 bit 8

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

— — FNRB5 FNRB4 FNRB3 FNRB2 FNRB1 FNRB0

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 FBP<5:0>: FIFO Buffer Pointer bits

011111 = RB31 buffer
011110 = RB30 buffer

•

•

•

000001 = TRB1 buffer
000000 = TRB0 buffer

bit 7-6 Unimplemented: Read as ‘0’

bit 5-0 FNRB<5:0>: FIFO Next Read Buffer Pointer bits

011111 = RB31 buffer
011110 = RB30 buffer

•

•

•

000001 = TRB1 buffer
000000 = TRB0 buffer
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
 

REGISTER 21-15: CxBUFPNT4: ECANx FILTER 12-15 BUFFER POINTER REGISTER 4

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

F15BP<3:0> F14BP<3:0>

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

F13BP<3:0> F12BP<3:0>

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 15-12 F15BP<3:0>: RX Buffer Mask for Filter 15 bits

1111 = Filter hits received in RX FIFO buffer
1110 = Filter hits received in RX Buffer 14
•
•
•
0001 = Filter hits received in RX Buffer 1
0000 = Filter hits received in RX Buffer 0

bit 11-8 F14BP<3:0>: RX Buffer Mask for Filter 14 bits (same values as bits<15:12>)

bit 7-4 F13BP<3:0>: RX Buffer Mask for Filter 13 bits (same values as bits<15:12>)

bit 3-0 F12BP<3:0>: RX Buffer Mask for Filter 12 bits (same values as bits<15:12>)
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
REGISTER 26-2: CRCCON2: CRC CONTROL REGISTER 2    

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

— — — DWIDTH4 DWIDTH3 DWIDTH2 DWIDTH1 DWIDTH0

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

— — — PLEN4 PLEN3 PLEN2 PLEN1 PLEN0

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 DWIDTH<4:0>: Data Width Select bits

These bits set the width of the data word (DWIDTH<4:0> + 1).

bit 7-5 Unimplemented: Read as ‘0’

bit 4-0 PLEN<4:0>: Polynomial Length Select bits

These bits set the length of the polynomial (Polynomial Length = PLEN<4:0> + 1).
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
NOTES:
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
TABLE 27-1: CONFIGURATION BYTE REGISTER MAP

File 
Name

Address

Device 
Memory 

Size 
(Kbytes)

Bits 23-8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Reserved 0057EC 32

— — — — — — — — —

00AFEC 64

0157EC 128

02AFEC 256

0557EC 512

Reserved 0057EE 32

— — — — — — — — —

00AFEE 64

0157EE 128

02AFEE 256

0557EE 512

FICD 0057F0 32

— Reserved(3) — JTAGEN Reserved(2) Reserved(3) — ICS<1:0>

00AFF0 64

0157F0 128

02AFF0 256

0557F0 512

FPOR 0057F2 32

— WDTWIN<1:0> ALTI2C2 ALTI2C1 Reserved(3) — — —

00AFF2 64

0157F2 128

02AFF2 256

0557F2 512

FWDT 0057F4 32

— FWDTEN WINDIS PLLKEN WDTPRE WDTPOST<3:0>

00AFF4 64

0157F4 128

02AFF4 256

0557F4 512

FOSC 0057F6 32

— FCKSM<1:0> IOL1WAY — — OSCIOFNC POSCMD<1:0>

00AFF6 64

0157F6 128

02AFF6 256

0557F6 512

FOSCSEL 0057F8 32

— IESO PWMLOCK(1) — — — FNOSC<2:0>

00AFF8 64

0157F8 128

02AFF8 256

0557F8 512

FGS 0057FA 32

— — — — — — — GCP GWRP

00AFFA 64

0157FA 128

02AFFA 256

0557FA 512

Reserved 0057FC 32

— — — — — — — — —

00AFFC 64

0157FC 128

02AFFC 256

0557FC 512

Reserved 057FFE 32

— — — — — — — — —

00AFFE 64

0157FE 128

02AFFE 256

0557FE 512

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

Note 1: This bit is only available on dsPIC33EPXXXMC20X/50X and PIC24EPXXXMC20X devices.

2: This bit is reserved and must be programmed as ‘0’.

3: These bits are reserved and must be programmed as ‘1’.
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
30.1 DC Characteristics 

TABLE 30-1: OPERATING MIPS VS. VOLTAGE

Characteristic
VDD Range
(in Volts)

Temp Range
(in °C)

Maximum MIPS

dsPIC33EPXXXGP50X, 
dsPIC33EPXXXMC20X/50X and 

PIC24EPXXXGP/MC20X

— 3.0V to 3.6V(1) -40°C to +85°C 70

— 3.0V to 3.6V(1) -40°C to +125°C 60

Note 1: Device is functional at VBORMIN < VDD < VDDMIN. Analog modules (ADC, op amp/comparator and 
comparator voltage reference) may have degraded performance. Device functionality is tested but not 
characterized. Refer to Parameter BO10 in Table 30-13 for the minimum and maximum BOR values.

TABLE 30-2: THERMAL OPERATING CONDITIONS

Rating Symbol Min. Typ. Max. Unit

Industrial Temperature Devices

Operating Junction Temperature Range TJ -40 — +125 °C

Operating Ambient Temperature Range TA -40 — +85 °C

Extended Temperature Devices

Operating Junction Temperature Range TJ -40 — +140 °C

Operating Ambient Temperature Range TA -40 — +125 °C

Power Dissipation:
Internal chip power dissipation:

PINT = VDD x (IDD –  IOH) PD PINT + PI/O W
I/O Pin Power Dissipation:

I/O =  ({VDD – VOH} x IOH) +  (VOL x IOL) 

Maximum Allowed Power Dissipation PDMAX (TJ – TA)/JA W

TABLE 30-3: THERMAL PACKAGING CHARACTERISTICS

Characteristic Symbol Typ. Max. Unit Notes

Package Thermal Resistance, 64-Pin QFN JA 28.0 — °C/W 1

Package Thermal Resistance, 64-Pin TQFP 10x10 mm JA 48.3 — °C/W 1

Package Thermal Resistance, 48-Pin UQFN 6x6 mm JA 41 — °C/W 1

Package Thermal Resistance, 44-Pin QFN JA 29.0 — °C/W 1

Package Thermal Resistance, 44-Pin TQFP 10x10 mm JA 49.8 — °C/W 1

Package Thermal Resistance, 44-Pin VTLA 6x6 mm JA 25.2 — °C/W 1

Package Thermal Resistance, 36-Pin VTLA 5x5 mm JA 28.5 — °C/W 1

Package Thermal Resistance, 28-Pin QFN-S JA 30.0 — °C/W 1

Package Thermal Resistance, 28-Pin SSOP JA 71.0 — °C/W 1

Package Thermal Resistance, 28-Pin SOIC JA 69.7 — °C/W 1

Package Thermal Resistance, 28-Pin SPDIP JA 60.0 — °C/W 1

Note 1: Junction to ambient thermal resistance, Theta-JA (JA) numbers are achieved by package simulations.
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TABLE 30-45: SPI1 SLAVE MODE (FULL-DUPLEX, CKE = 1, CKP = 0, 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

— — Lesser of 
FP or 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)

SP60 TssL2doV SDO1 Data Output Valid after 
SS1 Edge

— — 50 ns

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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Op Amp DC Characteristics

CM40 VCMR Common-Mode Input 
Voltage Range

AVSS —  AVDD V

CM41 CMRR Common-Mode 
Rejection Ratio(3)

— 40 — db VCM = AVDD/2

CM42 VOFFSET Op Amp Offset 
Voltage(3)

—  ±5 — mV

CM43 VGAIN Open-Loop Voltage 
Gain(3)

— 90 — db

CM44 IOS Input Offset Current — — — — See pad leakage 
currents in Table 30-11

CM45 IB Input Bias Current — — — — See pad leakage 
currents in Table 30-11

CM46 IOUT Output Current — — 420 µA With minimum value of 
RFEEDBACK (CM48)

CM48 RFEEDBACK Feedback Resistance 
Value

8 — — k

CM49a VOADC Output Voltage 
Measured at OAx Using 
ADC(3,4)

AVSS + 0.077
AVSS + 0.037
AVSS + 0.018

—
—
—

AVDD – 0.077
AVDD – 0.037
AVDD – 0.018

V
V
V

IOUT = 420 µA
IOUT = 200 µA
IOUT = 100 µA

CM49b VOUT Output Voltage 
Measured at OAxOUT 
Pin(3,4,5)

AVSS + 0.210
AVSS + 0.100
AVSS + 0.050

—
—
—

AVDD – 0.210
AVDD – 0.100
AVDD – 0.050

V
V
V

IOUT = 420 µA
IOUT = 200 µA
IOUT = 100 µA

CM51 RINT1(6) Internal Resistance 1 
(Configuration A 
and B)(3,4,5)

198 264 317  Min = -40ºC
Typ = +25ºC
Max = +125ºC

TABLE 30-53: OP AMP/COMPARATOR SPECIFICATIONS (CONTINUED) 

DC CHARACTERISTICS

Standard Operating Conditions: 3.0V to 3.6V
(unless otherwise stated)(1)

Operating temperature -40°C  TA  +85°C for Industrial
-40°C  TA  +125°C for Extended

Param
 No.

Symbol Characteristic Min. Typ.(2) Max. Units Conditions

Note 1: Device is functional at VBORMIN < VDD < VDDMIN, but will have degraded performance. Device functionality 
is tested, but not characterized. Analog modules (ADC, op amp/comparator and comparator voltage 
reference) may have degraded performance. Refer to Parameter BO10 in Table 30-13 for the minimum and 
maximum BOR values.

2: Data in “Typ” column is at 3.3V, +25°C unless otherwise stated.

3: Parameter is characterized but not tested in manufacturing.

4: See Figure 25-6 for configuration information.

5: See Figure 25-7 for configuration information.

6: Resistances can vary by ±10% between op amps.
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TABLE 30-55: OP AMP/COMPARATOR VOLTAGE REFERENCE SPECIFICATIONS

TABLE 30-54: OP AMP/COMPARATOR VOLTAGE REFERENCE SETTLING TIME SPECIFICATIONS

AC CHARACTERISTICS

Standard Operating Conditions (see Note 2): 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 Min. Typ. Max. Units Conditions

VR310 TSET Settling Time — 1 10 s (Note 1)

Note 1: Settling time is measured while CVRR = 1 and CVR<3:0> bits transition from ‘0000’ to ‘1111’.

2: Device is functional at VBORMIN < VDD < VDDMIN, but will have degraded performance. Device functionality 
is tested, but not characterized. Analog modules (ADC, op amp/comparator and comparator voltage 
reference) may have degraded performance. Refer to Parameter BO10 in Table 30-13 for the minimum 
and maximum BOR values.

DC CHARACTERISTICS

Standard Operating Conditions (see Note 1): 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 Characteristics Min. Typ. Max. Units Conditions

VRD310 CVRES Resolution CVRSRC/24 — CVRSRC/32 LSb

VRD311 CVRAA Absolute Accuracy(2) — ±25 — mV CVRSRC = 3.3V

VRD313 CVRSRC Input Reference Voltage 0 — AVDD + 0.3 V

VRD314 CVROUT Buffer Output 
Resistance(2)

— 1.5k — 

Note 1: Device is functional at VBORMIN < VDD < VDDMIN, but will have degraded performance. Device functionality 
is tested, but not characterized. Analog modules (ADC, op amp/comparator and comparator voltage 
reference) may have degraded performance. Refer to Parameter BO10 in Table 30-13 for the minimum 
and maximum BOR values.

2: Parameter is characterized but not tested in manufacturing.
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33.2 Package Details
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Note: For the most current package drawings, please see the Microchip Packaging Specification located at 

http://www.microchip.com/packaging
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PMD (PIC24EPXXXMC20X Devices)......................... 94
PORTA (PIC24EPXXXGP/MC202, 

dsPIC33EPXXXGP/MC202/502 Devices) ........ 104
PORTA (PIC24EPXXXGP/MC203, 

dsPIC33EPXXXGP/MC203/503 Devices) ........ 103
PORTA (PIC24EPXXXGP/MC204, 

dsPIC33EPXXXGP/MC204/504 Devices) ........ 102
PORTA (PIC24EPXXXGP/MC206, 

dsPIC33EPXXXGP/MC206/506 Devices) .......... 99
PORTB (PIC24EPXXXGP/MC202, 

dsPIC33EPXXXGP/MC202/502 Devices) ........ 104
PORTB (PIC24EPXXXGP/MC203, 

dsPIC33EPXXXGP/MC203/503 Devices) ........ 103
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dsPIC33EPXXXGP/MC204/504 Devices) ........ 102
PORTB (PIC24EPXXXGP/MC206, 
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PORTC (PIC24EPXXXGP/MC206, 

dsPIC33EPXXXGP/MC206/506 Devices) .......... 99
PORTD (PIC24EPXXXGP/MC206, 

dsPIC33EPXXXGP/MC206/506 Devices) ........ 100
PORTE (PIC24EPXXXGP/MC206, 

dsPIC33EPXXXGP/MC206/506 Devices) ........ 100
PORTF (PIC24EPXXXGP/MC206, 

dsPIC33EPXXXGP/MC206/506 Devices) ........ 100
PORTG (PIC24EPXXXGP/MC206 and 

dsPIC33EPXXXGP/MC206/506 Devices) ........ 101
PTG............................................................................. 78
PWM (dsPIC33EPXXXMC20X/50X, 

PIC24EPXXXMC20X Devices) ........................... 79
PWM Generator 1 (dsPIC33EPXXXMC20X/50X, 

PIC24EPXXXMC20X Devices) ........................... 79
PWM Generator 2 (dsPIC33EPXXXMC20X/50X, 

PIC24EPXXXMC20X Devices) ........................... 80
PWM Generator 3 (dsPIC33EPXXXMC20X/50X, 

PIC24EPXXXMC20X Devices) ........................... 80
QEI1 (dsPIC33EPXXXMC20X/50X, 

PIC24EPXXXMC20X Devices) ........................... 81
Reference Clock ......................................................... 93
SPI1 and SPI2 ............................................................ 83
System Control ........................................................... 93
Time1 through Time5.................................................. 75
UART1 and UART2 .................................................... 82

Registers
AD1CHS0 (ADC1 Input Channel 0 Select) ............... 333
AD1CHS123 (ADC1 Input 

Channel 1, 2, 3 Select) ..................................... 331
AD1CON1 (ADC1 Control 1) .................................... 325
AD1CON2 (ADC1 Control 2) .................................... 327
AD1CON3 (ADC1 Control 3) .................................... 329
AD1CON4 (ADC1 Control 4) .................................... 330
AD1CSSH (ADC1 Input Scan Select High) .............. 335
AD1CSSL (ADC1 Input Scan Select Low)................ 336
ALTDTRx (PWMx Alternate Dead-Time) .................. 238
AUXCONx (PWMx Auxiliary Control)........................ 247
CHOP (PWMx Chop Clock Generator)..................... 234
CLKDIV (Clock Divisor)............................................. 158
CM4CON (Comparator 4 Control) ............................ 364
CMSTAT (Op Amp/Comparator Status) ................... 360
CMxCON (Comparator x Control, x = 1,2,3) ............. 362
CMxFLTR (Comparator x Filter Control)................... 370

CMxMSKCON (Comparator x Mask 
Gating Control) ................................................. 368

CMxMSKSRC (Comparator x Mask Source 
Select Control).................................................. 366

CORCON (Core Control) .................................... 42, 133
CRCCON1 (CRC Control 1) ..................................... 375
CRCCON2 (CRC Control 2) ..................................... 376
CRCXORH (CRC XOR Polynomial High) ................ 377
CRCXORL (CRC XOR Polynomial Low).................. 377
CTMUCON1 (CTMU Control 1) ................................ 317
CTMUCON2 (CTMU Control 2) ................................ 318
CTMUICON (CTMU Current Control) ....................... 319
CVRCON (Comparator Voltage 

Reference Control) ........................................... 371
CxBUFPNT1 (ECANx Filter 0-3 

Buffer Pointer 1) ............................................... 300
CxBUFPNT2 (ECANx Filter 4-7 

Buffer Pointer 2) ............................................... 301
CxBUFPNT3 (ECANx Filter 8-11 

Buffer Pointer 3) ............................................... 301
CxBUFPNT4 (ECANx Filter 12-15 

Buffer Pointer 4) ............................................... 302
CxCFG1 (ECANx Baud Rate Configuration 1) ......... 298
CxCFG2 (ECANx Baud Rate Configuration 2) ......... 299
CxCTRL1 (ECANx Control 1) ................................... 290
CxCTRL2 (ECANx Control 2) ................................... 291
CxEC (ECANx Transmit/Receive Error Count) ........ 298
CxFCTRL (ECANx FIFO Control)............................. 293
CxFEN1 (ECANx Acceptance Filter Enable 1)......... 300
CxFIFO (ECANx FIFO Status) ................................. 294
CxFMSKSEL1 (ECANx Filter 7-0 

Mask Selection 1) ............................................. 304
CxFMSKSEL2 (ECANx Filter 15-8 

Mask Selection 2) ............................................. 305
CxINTE (ECANx Interrupt Enable) ........................... 297
CxINTF (ECANx Interrupt Flag)................................ 295
CxRXFnEID (ECANx Acceptance Filter n 

Extended Identifier) .......................................... 304
CxRXFnSID (ECANx Acceptance Filter n 

Standard Identifier) ........................................... 303
CxRXFUL1 (ECANx Receive Buffer Full 1).............. 307
CxRXFUL2 (ECANx Receive Buffer Full 2).............. 307
CxRXMnEID (ECANx Acceptance Filter Mask n 

Extended Identifier) .......................................... 306
CxRXMnSID (ECANx Acceptance Filter Mask n 

Standard Identifier) ........................................... 306
CxRXOVF1 (ECANx Receive 

Buffer Overflow 1)............................................. 308
CxRXOVF2 (ECANx Receive 

Buffer Overflow 2)............................................. 308
CxTRmnCON (ECANx TX/RX 

Buffer mn Control) ............................................ 309
CxVEC (ECANx Interrupt Code)............................... 292
DEVID (Device ID).................................................... 383
DEVREV (Device Revision)...................................... 383
DMALCA (DMA Last Channel Active Status) ........... 150
DMAPPS (DMA Ping-Pong Status) .......................... 151
DMAPWC (DMA Peripheral Write 

Collision Status)................................................ 148
DMARQC (DMA Request Collision Status) .............. 149
DMAxCNT (DMA Channel x Transfer Count) ........... 146
DMAxCON (DMA Channel x Control)....................... 142
DMAxPAD (DMA Channel x 

Peripheral Address).......................................... 146
DMAxREQ (DMA Channel x IRQ Select) ................. 143
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