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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"

Active

dsPIC

16-Bit

70 MIPs

12C, IrDA, LINbus, SPI, UART/USART
Brown-out Detect/Reset, DMA, I2S, POR, PWM, WDT
33

64KB (64K x 8)

FLASH

8K x 8

3V ~ 3.6V

A/D 17x12b; D/A 1x12b

Internal

-40°C ~ 85°C (TA)

Surface Mount

48-TQFP

48-TQFP (7x7)
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Pin Diagrams (Continued)

44-Pin QFN, TQFP
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Pin Pin Function Pin Pin Function
1 | PGEC1/AN21/SDA1/RP39/RB7 23 | AN2/CMP1C/CMP2A/PGA1P3/PGA2P2/RP18/RA2
2 | AN1ALT/RP52/RC4 24 | AN3/CMP1D/CMP2B/PGA2P3/RP32/RB0
3 | ANOALT/RP53/RC5 25 | AN4/CMP2C/CMP3A/ISRC4/RP41/RB9
4 | AN17/RP54/RC6 26 | AVDD
5 | RP51/RC3 27 | AN11/PGATIN3/RP57/RC9
6 |Vss 28 | EXTREF2/AN10/PGA1P4/RP58/RC10
7 Vcap 29 VDD
8 | TMS/PWM3H/RP43/RB11 30 |Vss
9 | TCK/PWM3L/RP44/RB12 31 | AN8/CMP4C/PGA2P4/RP49/RC1
10 | PWM2H/RP45/RB13 32 | OSCI/CLKI/ANG/CMP3C/CMP4A/ISRC2/RP33/RB1
11 | PWM2L/RP46/RB14 33 | OSC2/CLKO/AN7/CMP3D/CMP4B/PGA1N2/RP34/RB2
12 | PWM1H/RP20/RA4 34 | PGED2/DACOUT1/AN18/INTO/RP35/RB3
13 | PWM1L/RP19/RA3 35 | PGEC2/ADTRG31/RP36/RB4
14 | FLT12/RP48/RCO 36 | EXTREF1/AN9/CMP4D/RP50/RC2
15 | FLT11/RP61/RC13 37 | ASDA1/RP55/RC7
16 | AVss 38 | ASCL1/RP56/RC8
17 | AVbD 39 |Vss
18 | MCLR 40 |Vbp
19 | AVbD 41 | PGED3/SDA2/FLT31/RP40/RB8
20 | AN14/PGA2N3/RP60/RC12 42 | PGEC3/SCL2/RP47/RB15
21 | ANO/ICMP1A/PGA1P1/RP16/RA0 43 | TDO/AN19/PGA2N2/RP37/RB5
22 | AN1/CMP1B/PGA1P2/PGA2P1/RP17/RA1 44 | PGED1/TDI/AN20/SCL1/RP38/RB6

Legend: Shaded pins are up to 5 VDC tolerant.
RPn represents remappable peripheral functions. See Table 11-12 and Table 11-13 for the complete list of remappable sources.
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REGISTER 3-1: SR: CPU STATUS REGISTER (CONTINUED)

bit 7-5 IPL<2:0>: CPU Interrupt Priority Level Status bits(1+?)
111 = CPU Interrupt Priority Level is 7 (15); user interrupts are disabled
110 = CPU Interrupt Priority Level is 6 (14)
101 = CPU Interrupt Priority Level is 5 (13)
100 = CPU Interrupt Priority Level is 4 (12)
011 = CPU Interrupt Priority Level is 3 (11)
010 = CPU Interrupt Priority Level is 2 (10)
001 = CPU Interrupt Priority Level is 1 (
000 = CPU Interrupt Priority Level is O (

bit 4 RA: REPEAT Loop Active bit
1 = REPEAT loop is in progress
0 = REPEAT loop is not in progress
bit 3 N: MCU ALU Negative bit
1 = Result was negative
0 = Result was non-negative (zero or positive)
bit 2 OV: MCU ALU Overflow bit
This bit is used for signed arithmetic (2's complement). It indicates an overflow of the magnitude that
causes the sign bit to change state.
1 = Overflow occurred for signed arithmetic (in this arithmetic operation)
0 = No overflow occurred
bit 1 Z: MCU ALU Zero bit
1 = An operation that affects the Z bit has set it at some time in the past
0 = The most recent operation that affects the Z bit has cleared it (i.e., a non-zero result)
bit 0 C: MCU ALU Carry/Borrow bit

1 = A carry-out from the Most Significant bit of the result occurred
0 = No carry-out from the Most Significant bit of the result occurred

13
12
11
10
9)
8)

Note 1: The IPL<2:0> bits are concatenated with the IPL<3> bit (CORCON<3>) to form the CPU Interrupt Priority
Level. The value in parentheses indicates the IPL, if IPL<3> = 1. User interrupts are disabled when
IPL<3>=1.

2:  The IPL<2:0> Status bits are read-only when the NSTDIS bit INTCON1<15>) = 1.

3: A data write to the SR register can modify the SA and SB bits by either a data write to SA and SB or by
clearing the SAB bit. To avoid a possible SA or SB bit write race condition, the SA and SB bits should not
be modified using bit operations.

© 2016-2017 Microchip Technology Inc. DS70005258B-page 27
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TABLE 4-14: SFR BLOCK CO00h-D00Oh

Register |Address ‘ All Resets Register | Address All Resets Register | Address All Resets
PWM FCLCON3 C64 0000000000000000 |[{IOCON6 CcC2 1100000000000000
PTCON C0o 0000000000000000 |{PDC3 C66 0000000000000000 ||FCLCONG6 CC4 0000000000000000
PTCON2 Cc02 0000000000000000 |{PHASE3 C68 0000000000000000 |{PDC6 CC6 0000000000000000
PTPER C0o4 1111111111111000 |[|DTR3 C6A 0000000000000000 |{PHASE6 CC8 0000000000000000
SEVTCMP C06 0000000000000000 ||ALTDTR3 ceC 0000000000000000 |[{DTR6 CCA 0000000000000000
MDC COA 0000000000000000 |[{SDC3 C6E 0000000000000000 ||ALTDTR6 CCC 0000000000000000
STCON COE 0000000000000000 |[|SPHASE3 C70 0000000000000000 |[SDC6 CCE 0000000000000000
STCON2 Cc10 0000000000000000 || TRIG3 C72 0000000000000000 ||SPHASE6 CDO 0000000000000000
STPER Cc12 1111111111111000 [[TRGCON3 C74 0000000000000000 || TRIG6 CD2 0000000000000000
SSEVTCMP C14 0000000000000000 |[STRIG3 C76 0000000000000000 || TRGCONG6 CD4 0000000000000000
CHOP C1A 0000000000000000 |{PWMCAP3 C78 0000000000000000 |[STRIG6 CD6 0000000000000000
PWMKEY C1E XXXXXXXXXXXXXXXX ||LEBCON3 C7A 0000000000000000 ||PWMCAP6 CD8 0000000000000000
PWM Generator LEBDLY3 C7C 0000000000000000 ||LEBCON6 CDA | 0000000000000000
PWMCON1 C20 0000000000000000 [|AUXCON3 C7E 0000000000000000 ||LEBDLY® CDC 0000000000000000
IOCON1 C22 1100000000000000 |[PWMCON4 C80 0000000000000000 [|AUXCON6 CDE 0000000000000000
FCLCON1 C24 0000000000000000 ||IOCON4 C82 1100000000000000 |[PWMCON7 CEO 0000000000000000
PDC1 C26 0000000000000000 ||FCLCON4 Cc84 0000000000000000 ||IOCON7 CE2 1100000000000000
PHASE1 C28 0000000000000000 ||PDC4 C86 0000000000000000 ||FCLCON7 CE4 0000000000000000
DTR1 C2A 0000000000000000 ||PHASE4 C88 0000000000000000 ||PDC7 CE6 0000000000000000
ALTDTR1 c2c 0000000000000000 ||DTR4 C8A 0000000000000000 ||PHASE7 CES8 0000000000000000
SDC1 C2E 0000000000000000 ||ALTDTR4 c8C 0000000000000000 ||DTR7 CEA 0000000000000000
SPHASE1 C30 0000000000000000 ||SDC4 C8E 0000000000000000 ||ALTDTR7 CEC 0000000000000000
TRIG1 C32 0000000000000000 ||SPHASE4 C90 0000000000000000 ||SDC7 CEE 0000000000000000
TRGCON1 C34 0000000000000000 || TRIG4 C92 0000000000000000 ||SPHASE7 CFo 0000000000000000
STRIG1 C36 0000000000000000 || TRGCON4 Co4 0000000000000000 || TRIG7 CF2 0000000000000000
PWMCAP1 C38 0000000000000000 ||STRIG4 C96 0000000000000000 || TRGCON7 CF4 0000000000000000
LEBCON1 C3A 0000000000000000 ||PWMCAP4 C98 0000000000000000 ||STRIG7 CF6 0000000000000000
LEBDLY1 C3C 0000000000000000 ||LEBCON4 C9A 0000000000000000 ||PWMCAP7 CF8 0000000000000000
AUXCON1 C3E 0000000000000000 ||LEBDLY4 coc 0000000000000000 ||LEBCON7 CFA 0000000000000000
PWMCON2 C40 0000000000000000 [|AUXCON4 C9E 0000000000000000 ||LEBDLY7 CFC 0000000000000000
IOCON2 C42 1100000000000000 |[PWMCON5 CAO 0000000000000000 [|AUXCON7 CFE 0000000000000000
FCLCON2 C44 0000000000000000 ||IOCON5 CA2 1100000000000000 |[PWMCONS8 D00 0000000000000000
PDC2 C46 0000000000000000 ||FCLCONS CA4 0000000000000000 ||IOCONS8 D02 1100000000000000
PHASE2 C48 0000000000000000 ||PDC5 CA6 0000000000000000 ||FCLCONS8 D04 0000000000000000
DTR2 C4A 0000000000000000 ||PHASE5 CA8 0000000000000000 ||PDC8 D06 0000000000000000
ALTDTR2 c4c 0000000000000000 ||DTR5 CAA 0000000000000000 ||PHASES D08 0000000000000000
SDC2 C4E 0000000000000000 ||ALTDTR5 CAC 0000000000000000 ||ALTDTR8 DoC 0000000000000000
SPHASE2 C50 0000000000000000 ||SDC5 CAE 0000000000000000 ||SDC8 DOE 0000000000000000
TRIG2 C52 0000000000000000 ||SPHASES CBO 0000000000000000 ||SPHASES D10 0000000000000000
TRGCON2 C54 0000000000000000 || TRIGS CB2 0000000000000000 || TRIG8 D12 0000000000000000
STRIG2 C56 0000000000000000 || TRGCON5 CB4 0000000000000000 || TRGCONS8 D14 0000000000000000
PWMCAP2 C58 0000000000000000 ||STRIG5 CB6 0000000000000000 ||STRIG8 D16 0000000000000000
LEBCON2 C5A 0000000000000000 ||PWMCAP5 CB8 0000000000000000 ||PWMCAPS8 D18 0000000000000000
LEBDLY2 C5C 0000000000000000 ||LEBCON5 CBA 0000000000000000 ||LEBCONS8 D1A 0000000000000000
AUXCON2 C5E 0000000000000000 ||LEBDLY5 CBC 0000000000000000 ||LEBDLY8 D1C 0000000000000000
PWMCON3 C60 0000000000000000 [|AUXCON5 CBE 0000000000000000 [|AUXCON8 D1E 0000000000000000
IOCON3 C62 1100000000000000 |[PWMCON6 CCo 0000000000000000

Legend: x =unknown or indeterminate value. Address values are in hexadecimal. Reset values are in binary.

© 2016-2017 Microchip Technology Inc. DS70005258B-page 47
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REGISTER 8-2: DMAXREQ: DMA CHANNEL x IRQ SELECT REGISTER

R/S-0 U-0 u-0 U-0 u-0 u-0 U-0 U-0
FORCE®W - [ -1 = 1T =1 = — —
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
IRQSEL7 IRQSEL6 IRQSEL5 IRQSEL4 IRQSEL3 IRQSEL2 IRQSELA1 IRQSELO
bit 7 bit 0
Legend: S = 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 FORCE: Force DMA Transfer bit()

1 = Forces a single DMA transfer (Manual mode)
0 = Automatic DMA transfer initiation by DMA request

bit 14-8 Unimplemented: Read as ‘0’

bit 7-0 IRQSEL<7:0>: DMA Peripheral IRQ Number Select bits
01000111 = CAN2 — TX data request
01000110 = CAN1 — TX data request
00110111 = CAN2 — RX data ready
00100110 = IC4 — Input Capture 4
00100101 =IC3 — Input Capture 3
00100010 = CAN1 — RX data ready
00011111 = UART2TX — UART2 transmitter
00011110 = UART2RX — UART2 receiver
00011100 = TMR5 — Timer5
00011011 = TMR4 — Timer4
00011010 = OC4 — Output Compare 4
00011001 = OC3 — Output Compare 3
00001100 = UART1TX — UART1 transmitter
00001011 = UART1RX — UART1 receiver
00001000 = TMR3 — Timer3
00000111 = TMR2 — Timer2
00000110 = OC2 — Output Compare 2
00000101 = IC2 — Input Capture 2
00000010 = OC1 — Output Compare 1
00000001 = IC1 — Input Capture 1
00000000 = INTO — External Interrupt O

Note 1: The FORCE bit cannot be cleared by user software. The FORCE bit is cleared by hardware when the
forced DMA transfer is complete or the channel is disabled (CHEN = 0).

© 2016-2017 Microchip Technology Inc. DS70005258B-page 93
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REGISTER 9-5: ACLKCON: AUXILIARY CLOCK DIVISOR CONTROL REGISTER
R/W-0 R-0 R/W-1 U-0 U-0 R/W-1 R/W-1 R/W-1
ENAPLL APLLCK SELACLK — — APSTSCLR2 | APSTSCLR1 | APSTSCLRO
bit 15 bit 8
R/W-0 R/W-0 U-0 U-0 U-0 U-0 U-0 U-0
ASRCSEL FRCSEL — — — — — —
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 ENAPLL: Auxiliary PLL Enable bit

bit 14

bit 13

bit 12-11
bit 10-8

bit 7

bit 6

bit 5-0

1 = APLL is enabled
0 = APLL is disabled

APLLCK: APLL Locked Status bit (read-only)

1 = Indicates that Auxiliary PLL is in lock
0 = Indicates that Auxiliary PLL is not in lock

SELACLK: Select Aucxiliary Clock Source for Auxiliary Clock Divider bit

1 = Auxiliary oscillators provide the source clock for the auxiliary clock divider
0 = Primary PLL (Fvco) provides the source clock for the auxiliary clock divider

Unimplemented: Read as ‘0’

APSTSCLR<2:0>: Auxiliary Clock Output Divider bits

111 = Divided by 1

110 = Divided by 2

101 = Divided by 4

100 = Divided by 8

011 = Divided by 16

010 = Divided by 32

001 = Divided by 64

000 = Divided by 256

ASRCSEL: Select Reference Clock Source for Auxiliary Clock bit
1 = Primary oscillator is the clock source

0 = No clock input is selected

FRCSEL: Select Reference Clock Source for Auxiliary PLL bit

1 = Selects the FRC clock for Auxiliary PLL
0 = Input clock source is determined by the ASRCSEL bit setting

Unimplemented: Read as ‘0’

DS70005258B-page 112
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REGISTER 9-6: REFOCON: REFERENCE OSCILLATOR 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
ROON — ROSSLP ROSEL robIva® | robiv2® | rRobpIVI® | RoDIVOD
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

bit 14
bit 13

bit 12

bit 11-8

bit 7-0

Note 1:
2:

ROON: Reference Oscillator Output Enable bit

1 = Reference oscillator output is enabled on the RPn pin(z)

0 = Reference oscillator output is disabled
Unimplemented: Read as ‘0’
ROSSLP: Reference Oscillator Run in Sleep bit

1 = Reference oscillator output continues to run in Sleep

0 = Reference oscillator output is disabled in Sleep
ROSEL: Reference Oscillator Source Select bit

1 = Oscillator crystal is used as the reference clock
0 = System clock is used as the reference clock
RODIV<3:0>: Reference Oscillator Divider bits(?)
1111 = Reference clock divided by 32,768

1110 = Reference clock divided by 16,384

1101 = Reference clock divided by 8,192

1100 = Reference clock divided by 4,096

1011 = Reference clock divided by 2,048

1010 = Reference clock divided by 1,024

1001 = Reference clock divided by 512

1000 = Reference clock divided by 256

0111 = Reference clock divided by 128

0110 = Reference clock divided by 64

0101 = Reference clock divided by 32

0100 = Reference clock divided by 16

0011 = Reference clock divided by 8

0010 = Reference clock divided by 4

0001 = Reference clock divided by 2

0000 = Reference clock

Unimplemented: Read as ‘0’

The reference oscillator output must be disabled (ROON = 0) before writing to these bits.
This pin is remappable. See Section 11.6 “Peripheral Pin Select (PPS)” for more information.

© 2016-2017 Microchip Technology Inc.
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TABLE 11-12: SELECTABLE INPUT SOURCES (MAPS INPUT TO FUNCTION)

Input Name® Function Name Register Configuration Bits

External Interrupt 1 INT1 RPINRO INT1R<7:0>
External Interrupt 2 INT2 RPINR1 INT2R<7:0>
Timer1 External Clock T1CK RPINR2 T1CKR<7:0>
Timer2 External Clock T2CK RPINR3 T2CKR<7:0>
Timer3 External Clock T3CK RPINR3 T3CKR<7:0>
Input Capture 1 IC1 RPINR7 IC1R<7:0>
Input Capture 2 IC2 RPINR7 IC2R<7:0>
Input Capture 3 IC3 RPINR8 IC3R<7:0>
Input Capture 4 IC4 RPINRS8 IC4R<7:0>
Output Compare Fault A OCFA RPINR11 OCFAR<7:0>
PWM Fault 1 FLT1 RPINR12 FLT1R<7:0>
PWM Fault 2 FLT2 RPINR12 FLT2R<7:0>
PWM Fault 3 FLT3 RPINR13 FLT3R<7:0>
PWM Fault 4 FLT4 RPINR13 FLT4R<7:0>
UART1 Receive U1RX RPINR18 U1RXR<7:0>
UART1 Clear-to-Send U1CTS RPINR18 U1CTSR<7:0>
UART2 Receive U2RX RPINR19 U2RXR<7:0>
UART2 Clear-to-Send U2CTS RPINR19 U2CTSR<7:0>
SPI1 Data Input SDI1 RPINR20 SDI1R<7:0>
SPI1 Clock Input SCK1 RPINR20 SCK1R<7:0>
SPI1 Slave Select SS1 RPINR21 SS1R<7:0>
CAN1 Receive C1RX PRINR26 C1RXR<7:0>
CAN2 Receive C2RX PRINR26 C2RXR<7:0>
SPI3 Data Input SDI3 RPINR29 SDI3R<7:0>
SPI3 Clock Input SCK3 RPINR29 SCK3R<7:0>
SPI3 Slave Select SS3 RPINR30 SS3R<7:0>
SPI2 Data Input SDI2 RPINR22 SDI2R<7:0>
SPI2 Clock Input SCK2 RPINR22 SCK2R<7:0>
SPI2 Slave Select SS2 RPINR23 SS2R<7:0>
PWM Synchronous Input 1 SYNCH RPINR37 SYNCI1R<7:0>
PWM Synchronous Input 2 SYNCI2 RPINR38 SYNCI2R<7:0>
PWM Fault 5 FLT5 RPINR42 FLT5R<7:0>
PWM Fault 6 FLT6 RPINR42 FLT6R<7:0>
PWM Fault 7 FLT7 RPINR43 FLT7R<7:0>
PWM Fault 8 FLT8 RPINR43 FLT8R<7:0>
CLC Input A CLCINA RPINR45 CLCINA<7:0>
CLC Input B CLCINB RPINR46 CLCINB<7:0>

Note 1: Unless otherwise noted, all inputs use the Schmitt Trigger input buffers.

© 2016-2017 Microchip Technology Inc. DS70005258B-page 137
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REGISTER 11-41: RPORS8: PERIPHERAL PIN SELECT OUTPUT 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

— RP45R6 RP45R5 RP45R4 RP45R3 RP45R2 RP45R1 RP45R0
bit 15 bit 8

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

— RP44R6 RP44R5 RP44R4 RP44R3 RP44R2 RP44R1 RP44R0
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’ = Bitis cleared x = Bit is unknown
bit 15 Unimplemented: Read as ‘0’
bit 14-8 RP45R<6:0>: Peripheral Output Function is Assigned to RP45 Output Pin bits

(see Table 11-13 for peripheral function numbers)

bit 7 Unimplemented: Read as ‘0’
bit 6-0 RP44R<6:0>: Peripheral Output Function is Assigned to RP44 Output Pin bits

(see Table 11-13 for peripheral function numbers)

REGISTER 11-42: RPOR9: PERIPHERAL PIN SELECT OUTPUT REGISTER 9

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

— RP47R6 RP47R5 RP47R4 RP47R3 RP47R2 RP47R1 RP47R0
bit 15 bit 8

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

— RP46R6 RP46R5 RP46R4 RP46R3 RP46R2 RP46R1 RP46R0
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’ = Bitis cleared x = Bit is unknown
bit 15 Unimplemented: Read as ‘0’
bit 14-8 RP47R<6:0>: Peripheral Output Function is Assigned to RP47 Output Pin bits

(see Table 11-13 for peripheral function numbers)

bit 7 Unimplemented: Read as ‘0’
bit 6-0 RP46R<6:0>: Peripheral Output Function is Assigned to RP46 Output Pin bits

(see Table 11-13 for peripheral function numbers)
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NOTES:
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REGISTER 16-1: PTCON: PWMx TIME BASE CONTROL REGISTER (CONTINUED)

bit 3-0 SEVTPS<3:0>: PWMx Special Event Trigger Output Postscaler Select bits(®)
1111 = 1:16 postscaler generates a Special Event Trigger on every sixteenth compare match event

0001 = 1:2 postscaler generates a Special Event Trigger on every second compare match event
0000 = 1:1 postscaler generates a Special Event Trigger on every compare match event

Note 1: These bits should be changed only when PTEN = 0. In addition, when using the SYNCIx feature, the user
application must program the Period register with a value that is slightly larger than the expected period of
the external synchronization input signal.

REGISTER 16-2: PTCON2: PWMx CLOCK DIVIDER SELECT REGISTER

u-0 u-0 uU-0 uU-0 uU-0 uU-0 uU-0 uU-0
bit 15 bit 8
uU-0 uU-0 U-0 U-0 uU-0 R/W-0 R/W-0 R/W-0
— — — — — PCLKDIV<2:0>(%)
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 15-3 Unimplemented: Read as ‘0’
bit 2-0 PCLKDIV<2:0>: PWMx Input Clock Prescaler (Divider) Select bits(!)

111 = Reserved

110 = Divide-by-64, maximum PWM timing resolution

101 = Divide-by-32, maximum PWM timing resolution

100 = Divide-by-16, maximum PWM timing resolution

011 = Divide-by-8, maximum PWM timing resolution

010 = Divide-by-4, maximum PWM timing resolution

001 = Divide-by-2, maximum PWM timing resolution

000 = Divide-by-1, maximum PWM timing resolution (power-on default)

Note 1: These bits should be changed only when PTEN = 0. Changing the clock selection during operation will
yield unpredictable results.

DS70005258B-page 192 © 2016-2017 Microchip Technology Inc.
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REGISTER 17-2: PTGCON: PTG 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
PTGCLK2 PTGCLK1 PTGCLKO PTGDIV4 PTGDIV3 PTGDIV2 PTGDIV1 PTGDIVO
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 u-0 R/W-0 R/W-0 R/W-0
PTGPWD3 PTGPWD2 | PTGPWD1 | PTGPWDO — PTGWDT2 PTGWDT1 | PTGWDTO
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 PTGCLK<2:0>: Select PTG Module Clock Source bits
111 =CLC2
110 =CLC1

101 = PTG module clock source will be T3CLK
100 = PTG module clock source will be T2CLK
011 = PTG module clock source will be TICLK
010 = PTG module clock source will be TAD
001 = PTG module clock source will be Fosc
000 = PTG module clock source will be Fp
bit 12-8 PTGDIV<4:0>: PTG Module Clock Prescaler (divider) bits
11111 = Divide-by-32
11110 = Divide-by-31
00001 = Divide-by-2
00000 = Divide-by-1
bit 7-4 PTGPWD<3:0>: PTG Trigger Output Pulse-Width bits

1111 = All trigger outputs are 16 PTG clock cycles wide
1110 = All trigger outputs are 15 PTG clock cycles wide

0001 = All trigger outputs are 2 PTG clock cycles wide
0000 = All trigger outputs are 1 PTG clock cycle wide

bit 3 Unimplemented: Read as ‘0’
bit 2-0 PTGWDT<2:0>: Select PTG Watchdog Timer Time-out Count Value bits

111 = Watchdog Timer will time-out after 512 PTG clocks
110 = Watchdog Timer will time-out after 256 PTG clocks
101 = Watchdog Timer will time-out after 128 PTG clocks
100 = Watchdog Timer will time-out after 64 PTG clocks
011 = Watchdog Timer will time-out after 32 PTG clocks
010 = Watchdog Timer will time-out after 16 PTG clocks
001 = Watchdog Timer will time-out after 8 PTG clocks
000 = Watchdog Timer is disabled
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REGISTER 17-3: PTGBTE: PTG BROADCAST TRIGGER ENABLE REGISTER(?) (CONTINUED)

bit 4

bit 3

bit 2

bit 1

bit 0

Note 1:

OC1CS: Clock Source for OC1 bit

1 = Generates clock pulse when the broadcast command is executed

0 = Does not generate clock pulse when the broadcast command is executed

OCATSS: Trigger/Synchronization Source for OC4 bit

1 = Generates trigger/synchronization when the broadcast command is executed

0 = Does not generate trigger/synchronization when the broadcast command is executed
OCS3TSS: Trigger/Synchronization Source for OC3 bit

1 = Generates trigger/synchronization when the broadcast command is executed

0 = Does not generate trigger/synchronization when the broadcast command is executed
OC2TSS: Trigger/Synchronization Source for OC2 bit

1 = Generates trigger/synchronization when the broadcast command is executed

0 = Does not generate trigger/synchronization when the broadcast command is executed
OCA1TSS: Trigger/Synchronization Source for OC1 bit

1 = Generates trigger/synchronization when the broadcast command is executed
0 = Does not generate trigger/synchronization when the broadcast command is executed

This register is read-only when the PTG module is executing Step commands (PTGEN =1 and
PTGSTRT = 1).

This register is only used with the PTGCTRL OPTI ON= 1111 Step command.

© 2016-2017 Microchip Technology Inc. DS70005258B-page 219



dsPIC33EPXXXGS70X/80X FAMILY

REGISTER 18-2: SPIXCON1H: SPIx CONTROL REGISTER 1 HIGH

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
AUDEN® | SPISGNEXT| IGNROV IGNTUR | AUDMONO® | URDTEN® | AUDMOD1® | AUDMODO®
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
FRMEN | FRMSYNC | FRMPOL MSSEN FRMSYPW | FRMCNT2 | FRMCNT1 | FRMCNTO
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 AUDEN: Audio Codec Support Enable bit™®

1 = Audio protocol is enabled; MSTEN controls the direction of both SCKx and frame (a.k.a. LRC), and
this module functions as if FRMEN = 1, FRMSYNC = MSTEN, FRMCNT<2:0> = 001 and SMP =0,
regardless of their actual values

0 = Audio protocol is disabled

bit 14 SPISGNEXT: SPIx Sign-Extend RX FIFO Read Data Enable bit
1 = Data from RX FIFO is sign-extended
0 = Data from RX FIFO is not sign-extended

bit 13 IGNROV: Ignore Receive Overflow bit

1 = A Receive Overflow (ROV) is NOT a critical error; during ROV, data in the FIFO is not overwritten
by the receive data

0 = A ROV is a critical error that stops SPI operation

bit 12 IGNTUR: Ignore Transmit Underrun bit

1 = A Transmit Underrun (TUR) is NOT a critical error and data indicated by URDTEN is transmitted
until the SPIXTXB is not empty

0 = A TUR is a critical error that stops SPI operation

bit 11 AUDMONO: Audio Data Format Transmit bit(®)
1 = Audio data is mono (i.e., each data word is transmitted on both left and right channels)
0 = Audio data is stereo
bit 10 URDTEN: Transmit Underrun Data Enable bit(®)
1 = Transmits data out of SPIXURDT register during Transmit Underrun conditions
0 = Transmits the last received data during Transmit Underrun conditions
bit 9-8 AUDMOD<1:0>: Audio Protocol Mode Selection bits*)

11 = PCM/DSP mode

10 = Right Justified mode: This module functions as if SPIFE = 1, regardless of its actual value

01 = Left Justified mode: This module functions as if SPIFE = 1, regardless of its actual value

00 = 1°S mode: This module functions as if SPIFE = 0, regardless of its actual value

bit 7 FRMEN: Framed SPIx Support bit

1 = Framed SPIx support is enabled (SSx pin is used as the FSYNC input/output)
0 = Framed SPIx support is disabled

Note 1: AUDEN can only be written when the SPIEN bit = 0.
2:  AUDMONO can only be written when the SPIEN bit = 0 and is only valid for AUDEN = 1.
3: URDTEN is only valid when IGNTUR = 1.
4: The AUDMOD<1:0> bits can only be written when the SPIEN bit = 0 and are only valid when AUDEN = 1.
When NOT in PCM/DSP mode, this module functions as if FRMSYPW = 1, regardless of its actual value.
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FIGURE 21-2: CLCx LOGIC FUNCTION COMBINATORIAL OPTIONS
AND - OR OR - XOR
Gate 1— Gate 1
Gate 2 Gate 2
Logic Output i
Gate 3 9 p Gate 3 Logic Output
Gate 4 Gate 4

MODE<2:0> = 000

MODE<2:0> =001

MODE<2:0> =100

4-Input AND S-R Latch
Gate 1— Gate 1 .
S Q ——Logic Output
Gate 2— . Gate 2
Logic Output
Gate 3— Gate 3 R
Gate 4 — Gate 4
MODE<2:0> =010 MODE<2:0> =011
1-Input D Flip-Flop with S and R 2-Input D Flip-Flop with R
Gate 4
Gate 4
S D Q —Logic Output
Gate2—— D  Q ——Logic Output Gate 2
Gate 1 =
Gate 1 —> R R
Gate 3 1
Gate 3

MODE<2:0> =101

J-K Flip-Flop with R

Gate 2 J Q ——Logic Output
Gate 1 —p

Gate4— K R

Gate 3 — 1

MODE<2:0> =110

1-Input Transparent Latch with S and R

Gate 4—|

S
Gate2—— D Q ——Logic Output
Gate1 — LE

R
Gate 3 Q

MODE<2:0> =111
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REGISTER 22-26: ADTRIGxL: ADC CHANNEL TRIGGER x SELECTION REGISTER LOW

(x=0to 5)

u-0

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

R/W-0 R/W-0

TRGSRC(4x+1)<4:0>

bit 15

bit 8

u-0

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

R/W-0 R/W-0

TRGSRC(4x)<4:0>

bit 7

bit 0

Legend:

R = Readable bit
-n = Value at POR ‘1" = Bit is set

W = Writable bit

U = Unimplemented bit, read as ‘0’
‘0’ = Bit is cleared

X = Bit is unknown

bit 15-13
bit 12-8

bit 7-5

Unimplemented: Read as ‘0’

TRGSRC(4x+1)<4:0>: Trigger Source Selection for Corresponding Analog Inputs bits

11111 = ADTRG31

11110 = PTG Trigger Output 12

11101 = PWM Generator 6 current-limit trigger
11100 = PWM Generator 5 current-limit trigger
11011 = PWM Generator 4 current-limit trigger
11010 = PWM Generator 3 current-limit trigger
11001 = PWM Generator 2 current-limit trigger
11000 = PWM Generator 1 current-limit trigger
10111 = Output Compare 2 trigger

10110 = Output Compare 1 trigger

10101 = CLC2 output

10100 = PWM Generator 6 secondary trigger
10011 = PWM Generator 5 secondary trigger
10010 = PWM Generator 4 secondary trigger
10001 = PWM Generator 3 secondary trigger
10000 = PWM Generator 2 secondary trigger
01111 = PWM Generator 1 secondary trigger
01110 = PWM secondary Special Event Trigger
01101 = Timer2 period match

01100 = Timer1 period match

01011 = CLC1 output

01010 = PWM Generator 6 primary trigger
01001 = PWM Generator 5 primary trigger
01000 = PWM Generator 4 primary trigger
00111 = PWM Generator 3 primary trigger
00110 = PWM Generator 2 primary trigger
00101 = PWM Generator 1 primary trigger
00100 = PWM Special Event Trigger

00011 = Reserved

00010 = Level software trigger

00001 = Common software trigger

00000 = No trigger is enabled

Unimplemented: Read as ‘0’
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TABLE 28-2: INSTRUCTION SET OVERVIEW (CONTINUED)

st | pesently ssembly sytax woots | ot | e Tage

74 SL SL f f = Left Shift f 1 1 CN,0v,Z
SL f, WREG WREG = Left Shift f 1 1 CN,0v,z
SL W, Wi Wd = Left Shift Ws 1 1 CN,0v,z
SL W, Wis, Wid Wnd = Left Shift Wb by Wns 1 1 N,z
SL W, #1it5, wid Wnd = Left Shift Wb by lit5 1 1 N,z

75 SsuB SUB Acc Subtract Accumulators 1 1 OA,0B,0AB,

SA,SB,SAB

SuB f f=f-WREG 1 1 C,DC,N,0Vv,Z
SuB f, WREG WREG =f-WREG 1 1 C,DC,N,0Vv,Z
SuB #it10, W Wn = Wn - it10 1 1 C,DCN,0V,Z
SuB W, Vi, Wi Wd =Wb - Ws 1 1 C,DC,N,0Vv,Z
SuB W, #1it5 Wi Wd = Wb - lits 1 1 C,DC,N,0V,Z

76 SUBB SUBB f f=f— WREG - (C) 1 1 C,DCN,0V,Z
SUBB f, WREG WREG = f— WREG - (C) 1 1 C,DCN,0V,Z
SUBB #it10, W Wn = Wn —it10 — (C) 1 1 C,DCN,0V,Z
SUBB W, Vi, Wi Wd = Wb —Ws — (C) 1 1 C,DCN,0V,Z
SUBB W, #1it5 Wi Wd = Wb — lit5 — (C) 1 1 C,DCN,0V,Z

77 SUBR SUBR f f=WREG - f 1 1 C,DC,N,0Vv,Z
SUBR f, WREG WREG = WREG - f 1 1 C,DC,N,0V,Z
SUBR W, Vi, Wi Wd =Ws - Wb 1 1 C,DC,N,0Vv,Z
SUBR W, #1it5 Wi Wd = it5 — Wb 1 1 C,DCN,0Vv,Z

78 SUBBR SUBBR f f=WREG - f— (C) 1 1 C,DCN,0Vv,Z
SUBBR f, WREG WREG = WREG - f - (C) 1 1 C,DCN,0V,Z
SUBBR W, Vi, Wi Wd =Ws — Wb — (C) 1 1 C,DCN,0Vv,Z
SUBBR W, #1it5 Wi Wd = lit5 - Wb — (C) 1 1 C,DCN,0V,Z

79 SWAP SWAP. b Wh Wn = nibble swap Wn 1 1 None
SWAP Wh Whn = byte swap Wn 1 1 None

80 TBLRDH TBLRDH V6, Wi Read Prog<23:16> to Wd<7:0> 1 5 None

81 TBLRDL TBLRDL W, Wi Read Prog<15:0> to Wd 1 5 None

82 TBLWH TBLWH V6, Wi Write Ws<7:0> to Prog<23:16> 1 2 None

83 TBLWIL TBLWIL V¢, W Write Ws to Prog<15:0> 1 2 None

84 ULNK ULNK Unlink Frame Pointer 1 1 SFA

85 XOR XCOR f f=f .XOR. WREG 1 1 N,Z
XCOR f, WREG WREG = f .XOR. WREG 1 1 N,Z
XCOR #it10, W Wd =it10 .XOR. Wd 1 1 N,Z
XCOR Wb, Vi, Wi Wd = Wb .XOR. Ws 1 1 N,Z
XCOR W, #it5 Wi Wd = Wb .XOR. lit5 1 1 N,Z

86 ZE ZE WV, Wid Wnd = Zero-extend Ws 1 1 C,ZN

Note 1: Read and Read-Modify-Write (e.g., bit operations and logical operations) on non-CPU SFRs incur an additional instruction cycle.
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TABLE 30-44: SPI3 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)
-40°C < TA < +85°C for Industrial

-40°C < TA < +125°C for Extended

Operating temperature

Param.| Symbol Characteristic(t) Min. Typ.®d| Max. | Units Conditions
SP70 |FscP Maximum SCK3 Input Frequency — — 25 MHz | (Note 3)
SP72 | TscF SCKa3 Input Fall Time — — — ns | See Parameter DO32
(Note 4)
SP73 |TscR SCKa3 Input Rise Time — — — ns | See Parameter DO31
(Note 4)
SP30 |TdoF SDO3 Data Output Fall Time — — — ns | See Parameter DO32
(Note 4)
SP31 |TdoR SDO3 Data Output Rise Time — — — ns | See Parameter DO31
(Note 4)
SP35 |TscH2doV, | SDO3 Data Output Valid after — 6 20 ns
TscL2doV | SCKS3 Edge
SP36 |TdoV2scH, | SDO3 Data Output Setup to 20 — — ns
TdoV2scL |First SCK3 Edge
SP40 |TdiV2scH, |Setup Time of SDI3 Data Input 20 — — ns
TdiV2scL |to SCK3 Edge
SP41 TscH2diL, |Hold Time of SDI3 Data Input 15 — — ns
TscL2diL |to SCK3 Edge
SP50 |TssL2scH, |SS3{ to SCK3 T or SCK3 | 120 — — ns
TssL2scL | Input
SP51 |TssH2doZ |SS3 T to SDO3 Output 10 — 50 ns | (Note 4)
High-Impedance
SP52 |TscH2ssH, | SS3 T after SCK3 Edge 15Tcy +40| — — ns |(Note 4)
TsclL2ssH
SP60 |TssL2doV |SDO3 Data Output Valid after — — 50 ns
SS3 Edge
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 SCK3 is 91 ns. Therefore, the SCK3 clock generated by the master must
not violate this specification.
4: Assumes 50 pF load on all SPI3 pins.
5:  For dsPIC33EPXXXGSX06 and dsPIC33EPXXXGSX08 devices with a fixed SCK3 pin.
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48-Lead Thin Quad Flatpack (PT) - 7x7x1.0 mm Body [TQFP]

Note:

For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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NOTES:
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