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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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Data Converters A/D 6x10b/12b
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
REGISTER 3-2: CORCON: CORE CONTROL REGISTER

R/W-0 U-0 R/W-0 R/W-0 R/W-0 R-0 R-0 R-0
VAR � US1 (1) US0(1) EDT(1,2) DL2(1) DL1(1) DL0(1)

bit 15 bit 8

R/W-0 R/W-0 R/W-1 R/W-0 R/C-0 R-0 R/W-0 R/W-0
SATA(1) SATB(1) SATDW(1) ACCSAT(1) IPL3(3) SFA RND(1) IF(1)

bit 7 bit 0

Legend: C = Clearable bit
R = Readable bit W = Writable bit U = Unimplemented bit, read as �0�
-n = Value at POR �1� = Bit is set �0� = Bit is cleared x = Bit is unknown

bit 15 VAR:  Variable Exception Processing Latency Control bit
1 = Variable exception processing latency is enabled
0 = Fixed exception processing latency is enabled

bit 14 Unimplemented:  Read as �0�
bit 13-12 US<1:0>:  DSP Multiply Unsigned/Signed Control bits(1)

11 = Reserved
10 = DSP engine multiplies are mixed-sign
01 = DSP engine multiplies are unsigned 
00 = DSP engine multiplies are signed

bit 11 EDT: Early DO Loop Termination Control bit(1,2)

1 = Terminates executing DO loop at end of current loop iteration
0 = No effect

bit 10-8 DL<2:0>:  DO Loop Nesting Level Status bits(1)

111  = 7 DO loops are active
�
�
�
001  = 1 DO loop is active
000  = 0 DO loops are active

bit 7 SATA:  ACCA Saturation Enable bit(1)

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

bit 6 SATB:  ACCB Saturation Enable bit(1)

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

bit 5 SATDW:  Data Space Write from DSP Engine Saturation Enable bit(1)

1 = Data Space write saturation is enabled
0 = Data Space write saturation is disabled

bit 4 ACCSAT:  Accumulator Saturation Mode Select bit(1)

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

bit 3 IPL3:  CPU Interrupt Priority Level Status bit 3(3)

1 = CPU Interrupt Priority Level is greater than 7
0 = CPU Interrupt Priority Level is 7 or less

Note 1: This bit is available on dsPIC33EPXXXMC20X/50X and dsPIC33EPXXXGP50X devices only.
2: This bit is always read as �0�.
3: The IPL3 bit is concatenated with the IPL<2:0> bits (SR<7:5>) to form the CPU Interrupt Priority Level.
DS70000657H-page 42 �⁄  2011-2013 Microchip Technology Inc.
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Bit 3 Bit 2 Bit 1 Bit 0 All 
Resets

NVMOP<3:0> 0000

0000

R<23:16> 0000

EY<7:0> 0000

Bit 3 Bit 2 Bit 1 Bit 0 All 
Resets

DTO SLEEP IDLE BOR POR Note 1

� CF � � OSWEN Note 2

PLLPRE<4:0> 0030

8:0> 0030

TUN<5:0> 0000

Bit 3 Bit 2 Bit 1 Bit 0 All 
Resets

� � � � 0000
TABLE 4-34: NVM REGISTER MAP

TABLE 4-35: SYSTEM CONTROL REGISTER MAP

TABLE 4-36: REFERENCE CLOCK REGISTER MAP

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

NVMCON 0728 WR WREN WRERR NVMSIDL � � � � � � � �

NVMADRL 072A NVMADR<15:0>

NVMADRH 072C � � � � � � � � NVMAD

NVMKEY 072E � � � � � � � � NVMK

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 4

RCON 0740 TRAPR IOPUWR � � VREGSF � CM VREGS EXTR SWR SWDTEN W

OSCCON 0742 � COSC<2:0> � NOSC<2:0> CLKLOCK IOLOCK LOCK

CLKDIV 0744 ROI DOZE<2:0> DOZEN FRCDIV<2:0> PLLPOST<1:0> �

PLLFBD 0746 � � � � � � � PLLDIV<

OSCTUN 0748 � � � � � � � � � �

Legend: � = unimplemented, read as � 0�. Reset values are shown in hexadecimal.
Note 1: RCON register Reset values are dependent on the type of Reset.

2: OSCCON register Reset values are dependent on the Configuration Fuses.

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

REFOCON 074E ROON � ROSSLP ROSEL RODIV<3:0> � � � �

Legend: � = unimplemented, read as � 0�. Reset values are shown in hexadecimal.
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TA EVICES ONLY

TA EVICES ONLY

N Bit 2 Bit 1 Bit 0 All 
Resets

TR ISA3 TRISA2 TRISA1 TRISA0 001F

PO A3 RA2 RA1 RA0 0000

LA TA3 LATA2 LA1TA1 LA0TA0 0000

OD CA3 ODCA2 ODCA1 ODCA0 0000

CN IEA3 CNIEA2 CNIEA1 CNIEA0 0000

CN PUA3 CNPUA2 CNPUA1 CNPUA0 0000

CN PDA3 CNPDA2 CNPDA1 CNPDA0 0000

AN � � ANSA1 ANSA0 0013

Le

N 3 Bit 2 Bit 1 Bit 0 All 
Resets

TR TRISB3 TRISB2 TRISB1 TRISB0 FFFF

PO RB3 RB2 RB1 RB0 xxxx

LA LATB3 LATB2 LATB1 LATB0 xxxx

OD ODCB3 ODCB2 ODCB1 ODCB0 0000

CN CNIEB3 CNIEB2 CNIEB1 CNIEB0 0000

CN NPUB3 CNPUB2 CNPUB1 CNPUB0 0000

CN NPDB3 CNPDB2 CNPDB1 CNPDB0 0000

AN NSB3 ANSB2 ANSB1 ANSB0 010F

Le
BLE 4-59: PORTA REGISTER MAP FOR PIC24EPXXXGP/MC202 AND dsPIC33EPXXXGP/MC202/502 D

BLE 4-60: PORTB REGISTER MAP FOR PIC24EPXXXGP/MC202 AND dsPIC33EPXXXGP/MC202/502 D

File 
ame Addr. Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3

ISA 0E00 � � � � � � � � � � � TRISA4 TR

RTA 0E02 � � � � � � � � � � � RA4 R

TA 0E04 � � � � � � � � � � � LATA4 LA

CA 0E06 � � � � � � � � � � � ODCA4 OD

ENA 0E08 � � � � � � � � � � � CNIEA4 CN

PUA 0E0A � � � � � � � � � � � CNPUA4 CN

PDA 0E0C � � � � � � � � � � � CNPDA4 CN

SELA 0E0E � � � � � � � � � � � ANSA4

gend: � = unimplemented, read as � 0�. Reset values are shown in hexadecimal.

File 
ame Addr. Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 

ISB 0E10 TRISB15 TRISB14 TRISB13 TRISB12 TRISB11 TRISB10 TRISB9 TRISB8 TRISB7 TRISB6 TRISB5 TRISB4

RTB 0E12 RB15 RB14 RB13 RB12 RB11 RB10 RB9 RB8 RB7 RB6 RB5 RB4

TB 0E14 LATB15 LATB14 LATB13 LATB12 LATB11 LATB10 LATB9 LATB8 LATB7 LATB6 LATB5 LATB4

CB 0E16 ODCB15 ODCB14 ODCB13 ODCB12 ODCB11 ODCB10 ODCB9 ODCB8 ODCB7 ODCB6 ODCB5 ODCB4

ENB 0E18 CNIEB15 CNIEB14 CNIEB13 CNIEB12 CNIEB11 CNIEB10 CNIEB9 CNIEB8 CNIEB7 CNIEB6 CNIEB5 CNIEB4

PUB 0E1A CNPUB15 CNPUB14 CNPUB13 CNPUB12 CNPUB11 CNPUB10 CNPUB9 CNPUB8 CNPUB7 CNPUB6 CNPUB5 CNPUB4 C

PDB 0E1C CNPDB15 CNPDB14 CNPDB13 CNPDB12 CNPDB11 CNPDB10 CNPDB9 CNPDB8 CNPDB7 CNPDB6 CNPDB5 CNPDB4 C

SELB 0E1E � � � � � � � ANSB8 � � � � A

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



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
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9.0 OSCILLATOR CONFIGURATION The dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20
50X and PIC24EPXXXGP/MC20X oscillator syste
provides:

• On-chip Phase-Locked Loop (PLL) to boost 
internal operating frequency on select internal and 
external oscillator sources

• On-the-fly clock switching between various clock 
sources

• Doze mode for system power savings
• Fail-Safe Clock Monitor (FSCM) that detects clock 

failure and permits safe application recovery or 
shutdown

• Configuration bits for clock source selection

A simplified diagram of the oscillator system is show
in Figure 9-1.

FIGURE 9-1: OSCILLATOR SYSTEM DIAGRAM 

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 compre-
hensive reference source. To complement
the information in this data sheet, refer to
“Oscillator”  (DS70580) in the “dsPIC33/
PIC24 Family Reference Manual”, which is
available from the Microchip web site
(www.microchip.com).

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

Note 1: See Figure 9-2 for PLL details.
2: The term, FP, refers to the clock source for all peripherals, while FCY refers to the clock source for the CPU. 
�¤ 2011-2013 Microchip Technology Inc. DS70000657H-page 153
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This diagram depicts all of the available
ADC connection options to the four S&H
amplifiers, which are designated: CH0,
CH1, CH2 and CH3.
The ANx analog pins or op amp outputs
are connected to the CH0-CH3 amplifi-
ers through the multiplexers, controlled
by the SFR control bits, CH0Sx,
CHONx, CH123Sx and CH123Nx.
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Note 1: VREF+, VREF- inputs can be multiplexed with other analog inputs.
2: Channels 1, 2 and 3 are not applicable for the 12-bit mode of operation.
3: These bits can be updated with Step commands from the PTG module. See Section 24.0 �Peripheral Trigger Generator (PTG) Module�  for
4: When ADDMAEN (AD1CON4<8>) = 1 , enabling DMA, only ADC1BUF0 is used.
5: OA3 is not available for 28-pin devices.
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
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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 

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 

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.
�⁄  2011-2013 Microchip Technology Inc. DS70000657H-page 329



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
bit 5 Unimplemented:  Read as ‘0’

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

1 = VIN+ input connects to internal CVREFIN voltage
0 = VIN+ input connects to C4IN1+ pin

bit 3-2 Unimplemented:  Read as ‘0’

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

11 = VIN- input of comparator connects to OA3/AN6
10 = VIN- input of comparator connects to OA2/AN0
01 = VIN- input of comparator connects to OA1/AN3 
00 = VIN- input of comparator connects to C4IN1-

REGISTER 25-3: CM4CON: COMPARATOR 4 CONTROL REGISTER (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.
 2011-2013 Microchip Technology Inc. DS70000657H-page 365



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
30.0 ELECTRICAL CHARACTERISTICS

This section provides an overview of dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X and PIC24EPXXXGP/
MC20X electrical characteristics. Additional information will be provided in future revisions of this document as it
becomes available. 

Absolute maximum ratings for the dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X and PIC24EPXXXGP/MC20X
family are listed below. Exposure to these maximum rating conditions for extended periods may affect device reliability.
Functional operation of the device at these or any other conditions above the parameters indicated in the operation
listings of this specification is not implied.

Absolute Maximum Ratings (1) 

Ambient temperature under bias............................................................................................................ .-40°C to +125°C

Storage temperature ..............................................................................................................................  -65°C to +150°C

Voltage on VDD with respect to VSS ..........................................................................................................  -0.3V to +4.0V

Voltage on any pin that is not 5V tolerant, with respect to VSS(3).................................................... -0.3V to (VDD + 0.3V)

Voltage on any 5V tolerant pin with respect to VSS when VDD  3.0V(3)...................................................  -0.3V to +5.5V

Voltage on any 5V tolerant pin with respect to Vss when VDD < 3.0V(3)...................................................  -0.3V to +3.6V

Maximum current out of VSS pin ...........................................................................................................................300 mA

Maximum current into VDD pin(2)...........................................................................................................................300 mA

Maximum current sunk/sourced by any 4x I/O pin..................................................................................................15 mA

Maximum current sunk/sourced by any 8x I/O pin ..................................................................................................25 mA

Maximum current sunk by all ports(2,4) .................................................................................................................200 mA

    

Note 1: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only, and functional operation of the device at those or any other conditions
above those indicated in the operation listings of this specification is not implied. Exposure to maximum
rating conditions for extended periods may affect device reliability.

2: Maximum allowable current is a function of device maximum power dissipation (see Table 30-2).

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

4: Exceptions are: dsPIC33EPXXXGP502, dsPIC33EPXXXMC202/502 and PIC24EPXXXGP/MC202 devices,
which have a maximum sink/source capability of 130 mA.
 2011-2013 Microchip Technology Inc. DS70000657H-page 401
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URE 30-12: QEA/QEB INPUT CHARACTERISTICS
(dsPIC33EPXXXMC20X/50X and PIC24EPXXXMC20X DEVICES ONLY)     
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BLE 30-31: QUADRATURE DECO DER TIMING REQUIREMENTS
(dsPIC33EPXXXMC20X/50X and PIC24EPXXXMC20X DEVICES ONLY)

 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

aram
No.

Symbol Characteristic (1) Typ. (2) Max. Units Conditions

30 TQUL Quadrature Input Low Time 6 TCY — ns

31 TQUH Quadrature Input High Time 6 TCY — ns

35 TQUIN Quadrature Input Period 12 TCY — ns

36 TQUP Quadrature Phase Period 3 TCY — ns

40 TQUFL Filter Time to Recognize Low,
with Digital Filter

3 * N * TCY — ns N = 1, 2, 4, 16, 32, 64, 128 
and 256 (Note 3)

41 TQUFH Filter Time to Recognize High,
with Digital Filter

3 * N * TCY — ns N = 1, 2, 4, 16, 32, 64, 128 
and 256 (Note 3)

ote 1: These parameters are characterized but not tested in manufacturing.

2: Data in “Typical” column is at 3.3V, +25°C unless otherwise stated. Parameters are for design guidance 
only and are not tested.

3: N = Index Channel Digital Filter Clock Divide Select bits. Refer to “Quadrature Encoder Interface (QEI)”  
(DS70601) in the “dsPIC33/PIC24 Family Reference Manual”. Please see the Microchip web site for the 
latest family reference manual sections.
70000657H-page 424  2011-2013 Microchip Technology Inc.
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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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