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

Number of I/O 35

Program Memory Size 512KB (170K x 24)

Program Memory Type FLASH

EEPROM Size -

RAM Size 24K 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 44-TQFP
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
FIGURE 3-1: dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X 
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
FIGURE 3-2: PROGRAMMER’S MODEL
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Note 1: This feature or bit is available on dsPIC33EPXXXMC20X/50X and dsPIC33EPXXXGP50X devices only.
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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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Bit 3 Bit 2 Bit 1 Bit 0
All 

Resets

— — — — 0000

INT2R<6:0> 0000

T2CKR<6:0> 0000

IC1R<6:0> 0000

IC3R<6:0> 0000

OCFAR<6:0> 0000

FLT1R<6:0> 0000

QEA1R<6:0> 0000

INDX1R<6:0> 0000

U1RXR<6:0> 0000

U2RXR<6:0> 0000

SDI2R<6:0> 0000

SS2R<6:0> 0000

— — — — 0000

— — — — 0000

— — — — 0000

DTCMP2R<6:0> 0000

ONLY

Bit 3 Bit 2 Bit 1 Bit 0
All 

Resets

— — — — 0000

INT2R<6:0> 0000

T2CKR<6:0> 0000

IC1R<6:0> 0000

IC3R<6:0> 0000

OCFAR<6:0> 0000

U1RXR<6:0> 0000

U2RXR<6:0> 0000

SDI2R<6:0> 0000

SS2R<6:0> 0000
TABLE 4-29: PERIPHERAL PIN SELECT INPUT REGISTER MAP FOR PIC24EPXXXMC20X DEVICES

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

RPINR0 06A0 — INT1R<6:0> — — — —

RPINR1 06A2 — — — — — — — — —

RPINR3 06A6 — — — — — — — — —

RPINR7 06AE — IC2R<6:0> —

RPINR8 06B0 — IC4R<6:0> —

RPINR11 06B6 — — — — — — — — —

RPINR12 06B8 — FLT2R<6:0> —

RPINR14 06BC — QEB1R<6:0> —

RPINR15 06BE — HOME1R<6:0> —

RPINR18 06C4 — — — — — — — — —

RPINR19 06C6 — — — — — — — — —

RPINR22 06CC — SCK2INR<6:0> —

RPINR23 06CE — — — — — — — — —

RPINR26 06D4 — — — — — — — — — — — —

RPINR37 06EA — SYNCI1R<6:0> — — — —

RPINR38 06EC — DTCMP1R<6:0> — — — —

RPINR39 06EE — DTCMP3R<6:0> —

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

TABLE 4-30: PERIPHERAL PIN SELECT INPUT REGISTER MAP FOR PIC24EPXXXGP20X DEVICES 

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

RPINR0 06A0 — INT1R<6:0> — — — —

RPINR1 06A2 — — — — — — — — —

RPINR3 06A6 — — — — — — — — —

RPINR7 06AE — IC2R<6:0> —

RPINR8 06B0 — IC4R<6:0> —

RPINR11 06B6 — — — — — — — — —

RPINR18 06C4 — — — — — — — — —

RPINR19 06C6 — — — — — — — — —

RPINR22 06CC — SCK2INR<6:0> —

RPINR23 06CE — — — — — — — — —

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

06 DEVICES ONLY

06 DEVICES ONLY

it 4 Bit 3 Bit 2 Bit 1 Bit 0
All 

Resets

— — — — — 0160

— — — — — xxxx

— — — — — xxxx

— — — — — 0000

— — — — — 0000

— — — — — 0000

— — — — — 0000

 4 Bit 3 Bit 2 Bit 1 Bit 0
All 

Resets

— — — — F000

— — — — xxxx

— — — — xxxx

— — — — 0000

— — — — 0000

— — — — 0000

— — — — 0000

— — — — F000

Bit 3 Bit 2 Bit 1 Bit 0
All 

Resets

— — TRISF1 TRISF0 0003

— — RF1 RF0 xxxx

— — LATF1 LATF0 xxxx

— — ODCF1 ODCF0 0000

— — CNIEF1 CNIEF0 0000

— — CNPUF1 CNPUF0 0000

— — CNPDF1 CNPDF0 0000
TABLE 4-49: PORTD REGISTER MAP FOR PIC24EPXXXGP/MC206 AND dsPIC33EPXXXGP/MC206/5

TABLE 4-50: PORTE REGISTER MAP FOR PIC24EPXXXGP/MC206 AND dsPIC33EPXXXGP/MC206/5

TABLE 4-51: PORTF REGISTER MAP FOR PIC24EPXXXGP/MC206 AND dsPIC33EPXXXGP/MC206/5

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 B

TRISD 0E30 — — — — — — — TRISD8 — TRISD6 TRISD5

PORTD 0E32 — — — — — — — RD8 — RD6 RD5

LATD 0E34 — — — — — — — LATD8 — LATD6 LATD5

ODCD 0E36 — — — — — — — ODCD8 — ODCD6 ODCD5

CNEND 0E38 — — — — — — — CNIED8 — CNIED6 CNIED5

CNPUD 0E3A — — — — — — — CNPUD8 — CNPUD6 CNPUD5

CNPDD 0E3C — — — — — — — CNPDD8 — CNPDD6 CNPDD5

Legend: x = unknown value on Reset, — = 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

TRISE 0E40 TRISE15 TRISE14 TRISE13 TRISE12 — — — — — — — —

PORTE 0E42 RE15 RE14 RE13 RE12 — — — — — — — —

LATE 0E44 LATE15 LATE14 LATE13 LATE12 — — — — — — — —

ODCE 0E46 ODCE15 ODCE14 ODCE13 ODCE12 — — — — — — — —

CNENE 0E48 CNIEE15 CNIEE14 CNIEE13 CNIEE12 — — — — — — — —

CNPUE 0E4A CNPUE15 CNPUE14 CNPUE13 CNPUE12 — — — — — — — —

CNPDE 0E4C CNPDE15 CNPDE14 CNPDE13 CNPDE12 — — — — — — — —

ANSELE 0E4E ANSE15 ANSE14 ANSE13 ANSE12 — — — — — — — —

Legend: x = unknown value on Reset, — = 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

TRISF 0E50 — — — — — — — — — — — —

PORTF 0E52 — — — — — — — — — — — —

LATF 0E54 — — — — — — — — — — — —

ODCF 0E56 — — — — — — — — — — — —

CNENF 0E58 — — — — — — — — — — — —

CNPUF 0E5A — — — — — — — — — — — —

CNPDF 0E5C — — — — — — — — — — — —

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



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
bit 3 SLEEP: Wake-up from Sleep Flag bit

1 = Device has been in Sleep mode
0 = Device has not been in Sleep mode

bit 2 IDLE: Wake-up from Idle Flag bit

1 = Device was in Idle mode
0 = Device was not in Idle mode

bit 1 BOR: Brown-out Reset Flag bit
1 = A Brown-out Reset has occurred
0 = A Brown-out Reset has not occurred

bit 0 POR: Power-on Reset Flag bit
1 = A Power-on Reset has occurred
0 = A Power-on Reset has not occurred

REGISTER 6-1: RCON: RESET CONTROL REGISTER(1) (CONTINUED)

Note 1: All of the Reset status bits can be set or cleared in software. Setting one of these bits in software does not 
cause a device Reset.

2: If the FWDTEN Configuration bit is ‘1’ (unprogrammed), the WDT is always enabled, regardless of the 
SWDTEN bit setting.
DS70000657H-page 126  2011-2013 Microchip Technology Inc.



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
     

REGISTER 9-4: OSCTUN: FRC OSCILLATOR TUNING REGISTER

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

— — TUN5 TUN4 TUN3 TUN2 TUN1 TUN0

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 15-6 Unimplemented: Read as ‘0’

bit 5-0 TUN<5:0>: FRC Oscillator Tuning bits

011111 = Maximum frequency deviation of 1.453% (7.477 MHz)
011110 = Center frequency + 1.406% (7.474 MHz)
  
000001 = Center frequency + 0.047% (7.373 MHz)
000000 = Center frequency (7.37 MHz nominal)
111111 = Center frequency – 0.047% (7.367 MHz)
  
100001 = Center frequency – 1.453% (7.263 MHz)
100000 = Minimum frequency deviation of -1.5% (7.259 MHz)
 2011-2013 Microchip Technology Inc. DS70000657H-page 161



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
12.2 Timer1 Control Register 

REGISTER 12-1: T1CON: TIMER1 CONTROL REGISTER

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

TON(1) — TSIDL — — — — —

bit 15 bit 8

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

—  TGATE TCKPS1 TCKPS0 — TSYNC(1) TCS(1) —

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 TON: Timer1 On bit(1)

1 = Starts 16-bit Timer1
0 = Stops 16-bit Timer1

bit 14 Unimplemented: Read as ‘0’

bit 13 TSIDL: Timer1 Stop in Idle Mode bit

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

bit 12-7 Unimplemented: Read as ‘0’

bit 6 TGATE: Timer1 Gated Time Accumulation Enable bit

When TCS = 1: 
This bit is ignored.

When TCS = 0: 
1 = Gated time accumulation is enabled
0 = Gated time accumulation is disabled

bit 5-4 TCKPS<1:0>: Timer1 Input Clock Prescale Select bits

11 = 1:256 
10 = 1:64
01 = 1:8 
00 = 1:1

bit 3 Unimplemented: Read as ‘0’

bit 2 TSYNC: Timer1 External Clock Input Synchronization Select bit(1)

When TCS = 1: 
1 = Synchronizes external clock input
0 = Does not synchronize external clock input

When TCS = 0: 
This bit is ignored.

bit 1 TCS: Timer1 Clock Source Select bit(1)

1 = External clock is from pin, T1CK (on the rising edge) 
0 = Internal clock (FP)

bit 0 Unimplemented: Read as ‘0’

Note 1: When Timer1 is enabled in External Synchronous Counter mode (TCS = 1, TSYNC = 1, TON = 1), any 
attempts by user software to write to the TMR1 register are ignored.
 2011-2013 Microchip Technology Inc. DS70000657H-page 205



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
13.2 Timer Control Registers

REGISTER 13-1: TxCON: (TIMER2 AND TIMER4) CONTROL REGISTER

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

TON — TSIDL — — — — —

bit 15 bit 8

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

— TGATE TCKPS1 TCKPS0 T32 — TCS —

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 TON: Timerx On bit

When T32 = 1:
1 = Starts 32-bit Timerx/y
0 = Stops 32-bit Timerx/y

When T32 = 0:
1 = Starts 16-bit Timerx
0 = Stops 16-bit Timerx

bit 14 Unimplemented: Read as ‘0’

bit 13 TSIDL: Timerx Stop in Idle Mode bit

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

bit 12-7 Unimplemented: Read as ‘0’

bit 6 TGATE: Timerx Gated Time Accumulation Enable bit

When TCS = 1:
This bit is ignored.

When TCS = 0:
1 = Gated time accumulation is enabled
0 = Gated time accumulation is disabled

bit 5-4 TCKPS<1:0>: Timerx Input Clock Prescale Select bits

11 = 1:256 
10 = 1:64
01 = 1:8 
00 = 1:1

bit 3 T32: 32-Bit Timer Mode Select bit

1 = Timerx and Timery form a single 32-bit timer
0 = Timerx and Timery act as two 16-bit timers

bit 2 Unimplemented: Read as ‘0’

bit 1 TCS: Timerx Clock Source Select bit

1 = External clock is from pin, TxCK (on the rising edge) 
0 = Internal clock (FP)

bit 0 Unimplemented: Read as ‘0’
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16.1.2 WRITE-PROTECTED REGISTERS

On dsPIC33EPXXXMC20X/50X and
PIC24EPXXXMC20X devices, write protection is
implemented for the IOCONx and FCLCONx registers.
The write protection feature prevents any inadvertent
writes to these registers. This protection feature can be
controlled by the PWMLOCK Configuration bit
(FOSCSEL<6>). The default state of the write
protection feature is enabled (PWMLOCK = 1). The
write protection feature can be disabled by configuring,
PWMLOCK = 0.

To gain write access to these locked registers, the user
application must write two consecutive values of
(0xABCD and 0x4321) to the PWMKEY register to
perform the unlock operation. The write access to the
IOCONx or FCLCONx registers must be the next SFR
access following the unlock process. There can be no
other SFR accesses during the unlock process and
subsequent write access. To write to both the IOCONx
and FCLCONx registers requires two unlock operations.

The correct unlocking sequence is described in
Example 16-1.

EXAMPLE 16-1: PWMx WRITE-PROTECTED REGISTER UNLOCK SEQUENCE

; FLT32 pin must be pulled low externally in order to clear and disable the fault
; Writing to FCLCON1 register requires unlock sequence

mov #0xabcd,w10 ; Load first unlock key to w10 register
mov #0x4321,w11 ; Load second unlock key to w11 register
mov #0x0000,w0 ; Load desired value of FCLCON1 register in w0
mov w10, PWMKEY ; Write first unlock key to PWMKEY register
mov w11, PWMKEY ; Write second unlock key to PWMKEY register
mov w0,FCLCON1 ; Write desired value to FCLCON1 register
    
; Set PWM ownership and polarity using the IOCON1 register
; Writing to IOCON1 register requires unlock sequence

mov #0xabcd,w10 ; Load first unlock key to w10 register
mov #0x4321,w11 ; Load second unlock key to w11 register
mov #0xF000,w0 ; Load desired value of IOCON1 register in w0
mov w10, PWMKEY ; Write first unlock key to PWMKEY register
mov w11, PWMKEY ; Write second unlock key to PWMKEY register
mov w0,IOCON1 ; Write desired value to IOCON1 register
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REGISTER 16-8: PDCx: PWMx GENERATOR DUTY CYCLE 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

PDCx<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

PDCx<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 PDCx<15:0>: PWMx Generator # Duty Cycle Value bits

REGISTER 16-9: PHASEx: PWMx PRIMARY PHASE-SHIFT 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

PHASEx<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

PHASEx<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 PHASEx<15:0>: PWMx Phase-Shift Value or Independent Time Base Period for the PWM Generator bits

Note 1: If ITB (PWMCONx<9>) = 0, the following applies based on the mode of operation:
Complementary, Redundant and Push-Pull Output mode (PMOD<1:0> (IOCON<11:10>) = 00, 01 or 10),
PHASEx<15:0> = Phase-shift value for PWMxH and PWMxL outputs

2: If ITB (PWMCONx<9>) = 1, the following applies based on the mode of operation:
Complementary, Redundant and Push-Pull Output mode (PMOD<1:0> (IOCONx<11:10>) = 00, 01 or 10),
PHASEx<15:0> = Independent time base period value for PWMxH and PWMxL
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REGISTER 17-2: QEI1IOC: QEI1 I/O CONTROL 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

QCAPEN FLTREN QFDIV2 QFDIV1 QFDIV0 OUTFNC1 OUTFNC0 SWPAB

bit 15 bit 8

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

HOMPOL IDXPOL QEBPOL QEAPOL HOME INDEX QEB QEA

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 QCAPEN: QEI Position Counter Input Capture Enable bit 

1 = Index match event triggers a position capture event
0 = Index match event does not trigger a position capture event

bit 14 FLTREN: QEAx/QEBx/INDXx/HOMEx Digital Filter Enable bit

1 = Input pin digital filter is enabled
0 = Input pin digital filter is disabled (bypassed)

bit 13-11 QFDIV<2:0>: QEAx/QEBx/INDXx/HOMEx Digital Input Filter Clock Divide Select bits

111 = 1:128 clock divide
110 = 1:64 clock divide
101 = 1:32 clock divide
100 = 1:16 clock divide
011 = 1:8 clock divide
010 = 1:4 clock divide
001 = 1:2 clock divide
000 = 1:1 clock divide

bit 10-9 OUTFNC<1:0>: QEI Module Output Function Mode Select bits

11 = The CTNCMPx pin goes high when QEI1LEC  POS1CNT  QEI1GEC
10 = The CTNCMPx pin goes high when POS1CNT  QEI1LEC
01 = The CTNCMPx pin goes high when POS1CNT  QEI1GEC
00 = Output is disabled

bit 8 SWPAB: Swap QEA and QEB Inputs bit

1 = QEAx and QEBx are swapped prior to quadrature decoder logic
0 = QEAx and QEBx are not swapped 

bit 7 HOMPOL: HOMEx Input Polarity Select bit

1 = Input is inverted
0 = Input is not inverted

bit 6 IDXPOL: INDXx Input Polarity Select bit

1 = Input is inverted
0 = Input is not inverted

bit 5 QEBPOL: QEBx Input Polarity Select bit

1 = Input is inverted
0 = Input is not inverted

bit 4 QEAPOL: QEAx Input Polarity Select bit

1 = Input is inverted
0 = Input is not inverted

bit 3 HOME: Status of HOMEx Input Pin After Polarity Control

1 = Pin is at logic ‘1’
0 = Pin is at logic ‘0’
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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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NOTES:
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TABLE 30-9: DC CHARACTERISTICS: WATCHDOG TIMER DELTA CURRENT (IWDT)(1)  

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

DC61d 8 — A -40°C

3.3V
DC61a 10 — A +25°C

DC61b 12 — A +85°C

DC61c 13 — A +125°C

Note 1: The IWDT current is the additional current consumed when the module is enabled. This current should be 
added to the base IPD current. All parameters are characterized but not tested during manufacturing.

TABLE 30-10: DC CHARACTERISTICS: DOZE CURRENT (IDOZE)

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.
Doze 
Ratio

Units Conditions

Doze Current (IDOZE)(1)

DC73a(2) 35 — 1:2 mA
-40°C 3.3V FOSC = 140 MHz

DC73g 20 30 1:128 mA

DC70a(2) 35 — 1:2 mA
+25°C 3.3V FOSC = 140 MHz

DC70g 20 30 1:128 mA

DC71a(2) 35 — 1:2 mA
+85°C 3.3V FOSC = 140 MHz

DC71g 20 30 1:128 mA

DC72a(2) 28 — 1:2 mA
+125°C 3.3V FOSC = 120 MHz

DC72g 15 30 1:128 mA

Note 1: IDOZE is primarily a function of the operating voltage and frequency. Other factors, such as I/O pin loading 
and switching rate, oscillator type, internal code execution pattern and temperature, also have an impact 
on the current consumption. The test conditions for all IDOZE measurements are as follows:

• 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

• CPU, SRAM, program memory and data memory are operational

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

• CPU is executing while(1) statement

• JTAG is disabled

2: Parameter is characterized but not tested in manufacturing.
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TABLE 30-33: SPI2 MAXIMUM DATA/CLOCK RATE SUMMARY

FIGURE 30-14: SPI2 MASTER MODE (HALF-DUPLEX, TRANSMIT ONLY, CKE = 0) 
TIMING CHARACTERISTICS

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

Maximum 
Data Rate

Master 
Transmit Only 
(Half-Duplex)

Master 
Transmit/Receive 

(Full-Duplex)

Slave 
Transmit/Receive 

(Full-Duplex)
CKE CKP SMP

15 MHz Table 30-33 — — 0,1 0,1 0,1

9 MHz — Table 30-34 — 1 0,1 1

9 MHz — Table 30-35 — 0 0,1 1

15 MHz — — Table 30-36 1 0 0

11 MHz — — Table 30-37 1 1 0

15 MHz — — Table 30-38 0 1 0

11 MHz — — Table 30-39 0 0 0

SCK2
(CKP = 0)

SCK2
(CKP = 1)

SDO2

SP10

SP21SP20SP35

SP20SP21

MSb LSbBit 14 - - - - - -1

SP30, SP31SP30, SP31

Note: Refer to Figure 30-1 for load conditions.
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TABLE 30-38: SPI2 SLAVE MODE (FULL-DUPLEX, CKE = 1, 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 SCK2 Input 
Frequency

— — Lesser 
of FP 
or 11

MHz (Note 3)

SP72 TscF SCK2 Input Fall Time — — — ns See Parameter DO32 
(Note 4)

SP73 TscR SCK2 Input Rise Time — — — ns See Parameter DO31 
(Note 4)

SP30 TdoF SDO2 Data Output Fall Time — — — ns See Parameter DO32 
(Note 4)

SP31 TdoR SDO2 Data Output Rise Time — — — ns See Parameter DO31 
(Note 4)

SP35 TscH2doV,
TscL2doV

SDO2 Data Output Valid after
SCK2 Edge

— 6 20 ns

SP36 TdoV2scH, 
TdoV2scL

SDO2 Data Output Setup to
First SCK2 Edge

30 — — ns

SP40 TdiV2scH, 
TdiV2scL

Setup Time of SDI2 Data Input
to SCK2 Edge

30 — — ns

SP41 TscH2diL, 
TscL2diL

Hold Time of SDI2 Data Input
to SCK2 Edge 

30 — — ns

SP50 TssL2scH, 
TssL2scL

SS2  to SCK2  or SCK2 
Input

120 — — ns

SP51 TssH2doZ SS2  to SDO2 Output
High-Impedance

10 — 50 ns (Note 4)

SP52 TscH2ssH
TscL2ssH

SS2 after SCK2 Edge 1.5 TCY + 40 — — ns (Note 4)

SP60 TssL2doV SDO2 Data Output Valid after 
SS2 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 SCK2 is 91 ns. Therefore, the SCK2 clock generated by the master must 
not violate this specification.

4: Assumes 50 pF load on all SPI2 pins.
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FIGURE 30-20: SPI2 SLAVE MODE (FULL-DUPLEX, CKE = 0, CKP = 1, SMP = 0) 
TIMING CHARACTERISTICS

SS2

SCK2
(CKP = 0)

SCK2
(CKP = 1)

SDO2

SP50

SP40

SP41

SP30, SP31 SP51

SP35

MSb LSbBit 14 - - - - - -1

Bit 14 - - - -1 LSb In

SP52

SP73SP72

SP72SP73

Note: Refer to Figure 30-1 for load conditions.

SDI2 MSb In

SP70

SP36
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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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APPENDIX A: REVISION HISTORY

Revision A (April 2011)

This is the initial released version of the document.

Revision B (July 2011)

This revision includes minor typographical and
formatting changes throughout the data sheet text.

All other major changes are referenced by their
respective section in Table A-1.

TABLE A-1: MAJOR SECTION UPDATES

Section Name Update Description

“High-Performance, 16-bit 
Digital Signal Controllers 
and Microcontrollers”

Changed all pin diagrams references of VLAP to TLA.

Section 4.0 “Memory 
Organization”

Updated the All Resets values for CLKDIV and PLLFBD in the System Control 
Register Map (see Table 4-35).

Section 5.0 “Flash Program 
Memory”

Updated “one word” to “two words” in the first paragraph of Section 5.2 “RTSP 
Operation”.

Section 9.0 “Oscillator 
Configuration”

Updated the PLL Block Diagram (see Figure 9-2).

Updated the Oscillator Mode, Fast RC Oscillator (FRC) with divide-by-N and PLL 
(FRCPLL), by changing (FRCDIVN + PLL) to (FRCPLL).

Changed (FRCDIVN + PLL) to (FRCPLL) for COSC<2:0> = 001 and 
NOSC<2:0> = 001 in the Oscillator Control Register (see Register 9-1).

Changed the POR value from 0 to 1 for the DOZE<1:0> bits, from 1 to 0 for the 
FRCDIV<0> bit, and from 0 to 1 for the PLLPOST<0> bit; Updated the default 
definitions for the DOZE<2:0> and FRCDIV<2:0> bits and updated all bit definitions 
for the PLLPOST<1:0> bits in the Clock Divisor Register (see Register 9-2).

Changed the POR value from 0 to 1 for the PLLDIV<5:4> bits and updated the default 
definitions for all PLLDIV<8:0> bits in the PLL Feedback Division Register (see 
Register 9-2).

Section 22.0 “Charge Time 
Measurement Unit (CTMU)”

Updated the bit definitions for the IRNG<1:0> bits in the CTMU Current Control 
Register (see Register 22-3).

Section 25.0 “Op amp/
Comparator Module”

Updated the voltage reference block diagrams (see Figure 25-1 and Figure 25-2).
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