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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"

Obsolete

dsPIC

16-Bit

70 MIPs

CANbus, I2C, IrDA, LINbus, QEI, SPI, UART/USART
Brown-out Detect/Reset, DMA, Motor Control PWM, POR, PWM, WDT
35

512KB (170K x 24)

FLASH

24K x 16

3V ~ 3.6V

A/D 9x10b/12b

Internal

-40°C ~ 85°C (TA)

Surface Mount

44-VFTLA Exposed Pad

44-VTLA (6x6)
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

Pin Diagrams (Continued)

44-pin QFN(1:2:3)

TMS/ASDA1/RP41/RB9¢
RP54/RC6

RP55/RC7

RP56/RC8

RP57/RC9

Vss

Vcap
RP42/PWM3H/RB10
RP43/PWM3L/RB11
RPI44/PWM2H/RB12
RPI45/PWM2L/CTPLS/RB13
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A1

TDI/RA7

TDO/RA10
RP146/PWM1H/T3CK/RB14

AN1/C2IN1+/R,

ANO/OA20UT/RAO
PGEDB3/VREF-/AN2/C2IN1-/SS1/RPI32/CTED2/RB0

RPI147/PWM1L/T5CK/RB15

PGECB3/VReF+/AN3/OA10UT/RPI33/CTED1/RB1

M = Pins are up to 5V tolerant

FLT32/SCL2/RP36/RB4
SDA2/RPI24/RA8
OSC2/CLKO/RA3
OSC1/CLKI/RA2

Vss

VDD
ANB8/C3IN1+/U1RTS/BCLK1/FLT3/RC2
AN7/C3IN1-/C4IN1-/RC1
ANB6/OA30UT/C4IN1+/OCFB/RCO
PGED1/AN5/C1IN1-/RP35/RB3
PGEC1/AN4/C1IN1+/RPI134/RB2

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 /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.

© 2011-2013 Microchip Technology Inc.
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

3.5 Programmer’s Model

The programmer’s model for the
dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X
and PIC24EPXXXGP/MC20X is shown in Figure 3-2.
All registers in the programmer’s model are memory
mapped and can be manipulated directly by
instructions. Table 3-1 lists a description of each
register.

In addition to the registers contained in the
programmer’s model, the dsPIC33EPXXXGP50X,
dsPIC33EPXXXMC20X/50X and PIC24EPXXXGP/

MC20X devices contain control registers for Modulo
Addressing (dsPIC33EPXXXMC20X/50X  and
dsPIC33EPXXXGP50X devices only), Bit-Reversed
Addressing (dsPIC33EPXXXMC20X/50X and
dsPIC33EPXXXGP50X devices only) and interrupts.
These registers are described in subsequent
sections of this document.

All registers associated with the programmer’s model
are memory mapped, as shown in Table 4-1.

TABLE 3-1:

PROGRAMMER’S MODEL REGISTER DESCRIPTIONS

Register(s) Name

Description

WO through W15

Working Register Array

ACCA, ACCB 40-Bit DSP Accumulators

PC 23-Bit Program Counter

SR ALU and DSP Engine STATUS Register

SPLIM Stack Pointer Limit Value Register

TBLPAG Table Memory Page Address Register

DSRPAG Extended Data Space (EDS) Read Page Register
DSWPAG Extended Data Space (EDS) Write Page Register
RCOUNT REPEAT Loop Count Register

DCOUNT® DO Loop Count Register

DOSTARTH®2 DOSTARTL(:2)

DO Loop Start Address Register (High and Low)

DOENDH®, DOENDL®)

DOLoop End Address Register (High and Low)

CORCON

Contains DSP Engine, DO Loop Control and Trap Status bits

Note 1: This register is available on dsPIC33EPXXXMC20X/50X and dsPIC33EPXXXGP50X devices only.
2: The DOSTARTH and DOSTARTL registers are read-only.

© 2011-2013 Microchip Technology Inc.
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TABLE 4-7: INTERRUPT CONTROLLER REGISTER MAP FOR dsPIC33EPXXXMC50X DEVICES ONLY

e |Addr| Bit1s | Bitia | Bit13 | Bit12 | Bit1l | Bit10 | Bit9 | Bit8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 [t
IFSO 0800] — |DMAMIF| AD1IF | UTTXIF | UIRXIF | SPHIF | SPHEIF | T3IF T2IF OC2IF | IC2F | DMAOIF | T1IF OC1IF IC1IF INTOIF | 0000
IFS1 0802 | U2TXIF | U2RXIF | INT2F | T5IF T4F | OC4IF | OC3IF | DMA2IF —_ —_ —_ INTIIF | CNIF CMIF MI2C1IF | SI2C1IF | 0000
IFS2 0804| — —_ —_ —_ —_ —_ —_ —_ —_ IC4IF IC3IF | DMA3IF | C1FF CIRXIF | SPI2IF | SPI2EIF | 0000
IFS3 0806| — —_ —_ —_ — | cEMF|PSEMF| — —_ —_ —_ —_ —_ MI2C2IF | SI2C2IF — | oooo
IFs4 0808| — — | cMmurF —_ —_ —_ —_ —_ —_ CATXIF —_ —_ CRCIF | U2EIF UIEIF — | oooo
IFS5 080A | PWM2IF | PWMIIF | — —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ — | oooo
IFS6 osoc| — —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ PWM3IF | 0000
IFS8 0810 | JTAGIF | ICDIF —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ — | oooo
IFS9 0812| — —_ —_ —_ —_ —_ —_ —_ —_ PTG3IF | PTG2F | PTGIIF | PTGOIF |PTGWDTIF|PTGSTEPIF| — | 0000
IECO |o0820] — |DMANE| ADIE | U1TXE | UIRXE | SPMIE |SPMEE| T3IE T2IE OC2E | IC2E | DMAOE | TIE OC1IE IC1IE | INTOIE | 0000
IEC1 0822 | U2TXIE | U2RXIE | INT2IE | T5IE T4E | OC4IE | OC3IE | DMA2IE —_ —_ —_ INTIE | CNIE CMIE MI2C1IE | SI2C1IE | 0000
IEC2  |os24| — —_ —_ —_ —_ —_ —_ —_ —_ IC4IE IC3E | DMA3IE | C1E | CIRXIE | SPI2IE | SPI2EIE | 0000
IEC3  |o0826| — —_ —_ —_ —  |aEnE|PsEME| — —_ —_ —_ —_ —_ MI2C2IE | SI2C2IE — | oooo
IEC4 |os28| — — |emmue| — —_ —_ —_ —_ —_ CATXIE —_ —_ CRCIE | UZ2EE UIEIE — | oooo
IEC5 | 082A|PWM2IE | PWMIE| — —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ — | oooo
lEC6  |os2c| — —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ PWMSIE | 0000
IECT  |082E| — —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ — | oooo
IEC8 | 0830| JTAGIE | ICDIE —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ — | oooo
IECO |o832| — —_ —_ —_ —_ —_ —_ —_ —_ PTG3IE | PTG2[E | PTGIEE | PTGOIE |PTGWDTIE|PTGSTEPIE| — | 0000
Pco  |os40| — T1IP<2:0> _ OC1IP<2:0> _ IC11P<2:0> — INTOIP<2:0> 4444
IPC1 os42| — T2IP<2:0> _ 0C2IP<2:0> _ IC2IP<2:0> _ DMAOIP<2:0> 4444
Pc2  |os4a| — U1RXIP<2:0> _ SPIIP<2:0> —_ SPIEIP<2:0> —_ T3IP<2:0> 4444
IPC3 0846| — — = [ = — DMA1IP<2:0> _ AD1IP<2:0> —_ U1TXIP<2:0> 0444
IPc4  |os48| — CNIP<2:0> _ CMIP<2:0> _ MI2C1IP<2:0> —_ SI2C1IP<2:0> 4444
Pc5  |os4a| — — = [ = —_ — [ =T = —_ —_ —_ —_ —_ INT1IP<2:0> 0004
IPce  |osic| — T4IP<2:0> _ 0C4IP<2:0> _ 0C3IP<2:0> _ DMA2IP<2:0> 4444
Pc7  |0s4E| — U2TXIP<2:0> —_ U2RXIP<2:0> —_ INT2IP<2:0> —_ T5IP<2:0> 4444
IPcs  |o08s0| — C1IP<2:0> —_ C1RXIP<2:0> —_ SPI2IP<2:0> —_ SPI2EIP<2:0> 4444
Pco  |oss2| — —_ —_ —_ —_ IC4IP<2:0> _ IC3IP<2:0> _ DMA3IP<2:0> 0444
IPC12  |o8s8| — —_ —_ —_ — MI2C2IP<2:0> _ SI2C2IP<2:0> _ _ — — | o440
IPC14 |ossc| — —_ —_ —_ —_ QENIP<2:0> —_ PSEMIP<2:0> —_ —_ —_ — | o440
IPC16  |o0860| — CRCIP<2:0> _ U2EIP<2:0> —_ U1EIP<2:0> —_ —_ —_ — | 4440
Pc17  |ose2| — —_ —_ —_ — CATXIP<2:0> — _ _ _ _ — — — | o400
IPC19 | o0866| — —_ —_ —_ —_ — [ =T = — CTMUIP<2:0> — _ — — | o040
Legend: — =unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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TABLE 4-9: INPUT CAPTURE 1 THROUGH INPUT CAPTURE 4 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 Bit 3 Bit 2 Bit 1 Bit 0 Re/_;ltlets
IC1CON1 | 0140 — — ICSIDL ICTSEL<2:0> — — — ICI<1:0> ICOV ICBNE ICM<2:0> 0000
IC1CON2 | 0142 — — — — — — — IC32 ICTRIG | TRIGSTAT — SYNCSEL<4:0> 000D
IC1BUF 0144 Input Capture 1 Buffer Register XXXX
IC1ITMR 0146 Input Capture 1 Timer 0000
IC2CON1 | 0148 — — ICSIDL ICTSEL<2:0> — — — ICI<1:0> ICOV ICBNE | ICM<2:0> 0000
IC2CON2 | 014A — — — — — — — IC32 ICTRIG | TRIGSTAT — SYNCSEL<4:0> 000D
IC2BUF 014C Input Capture 2 Buffer Register XXXX
IC2TMR 014E Input Capture 2 Timer 0000
IC3CON1 | 0150 — — ICSIDL ICTSEL<2:0> — — — ICI<1:0> ICOV ICBNE | ICM<2:0> 0000
IC3CON2 | 0152 — — — — — — — IC32 ICTRIG | TRIGSTAT — SYNCSEL<4:0> 000D
IC3BUF 0154 Input Capture 3 Buffer Register XXXX
IC3TMR 0156 Input Capture 3 Timer 0000
IC4CON1 | 0158 — — ICSIDL ICTSEL<2:0> — — — ICI<1:0> ICOV ICBNE | ICM<2:0> 0000
IC4CON2 | 015A — — — — — — — IC32 ICTRIG | TRIGSTAT — SYNCSEL<4:0> 000D
IC4BUF 015C Input Capture 4 Buffer Register XXXX
IC4TMR 015E Input Capture 4 Timer 0000
Legend: x =unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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TABLE 4-27: PERIPHERAL PIN SELECT OUTPUT REGISTER MAP FOR dsPIC33EPXXXGP/MC204/504 AND PIC24EPXXXGP/MC204
DEVICES ONLY

e | Addr. | Bit1s | Bit14 | Bit13 | Bitl2 | Bit1l | Bit10 | Bito Bit8 | Bit7 | Bit6 | Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 | ol
RPORO | 0680 — — RP35R<5:0> — — RP20R<5:0> 0000
RPOR1 0682 — — RP37R<5:0> — — RP36R<5:0> 0000
RPOR2 | 0684 — — RP39R<5:0> — — RP38R<5:0> 0000
RPOR3 | 0686 — — RP41R<5:0> — — RP40R<5:0> 0000
RPOR4 | 0688 — — RP43R<5:0> — — RP42R<5:0> 0000
RPOR5 | 068A — — RP55R<5:0> — — RP54R<5:0> 0000
RPOR6 | 068C — — RP57R<5:0> — — RP56R<5:0> 0000
Legend: — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.

TABLE 4-28: PERIPHERAL PIN SELECT OUTPUT REGISTER MAP FOR dsPIC33EPXXXGP/MC206/506 AND PIC24EPXXXGP/MC206
DEVICES ONLY

N':rlr?e Addr. | Bit15 | Bit14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit7 | Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Reglelzts
RPORO | 0680 — — RP35R<5:0> — — RP20R<5:0> 0000
RPOR1 | 0682 — — RP37R<5:0> — — RP36R<5:0> 0000
RPOR2 | 0684 — — RP39R<5:0> — — RP38R<5:0> 0000
RPOR3 | 0686 — — RP41R<5:0> — — RP40R<5:0> 0000
RPOR4 | 0688 — — RP43R<5:0> — — RP42R<5:0> 0000
RPOR5 | 068A — — RP55R<5:0> — — RP54R<5:0> 0000
RPOR6 | 068C — — RP57R<5:0> — — RP56R<5:0> 0000
RPOR7 | 068E — — RP97R<5:0> — — — — — — — — 0000
RPORS8 | 0690 — — RP118R<5:0> — — — — — — — — 0000
RPOR9 | 0692 — — — — — — — — — — RP120R<5:0> 0000
Legend: — =unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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TABLE 4-37: PMD REGISTER MAP FOR PIC24EPXXXGP20X DEVICES ONLY
e | Addr.| Bit1s | Bit14 | Bit13 | Bit12 | Bit1l | Bit10 Bito | Bits | Bit7 Bité | Bits5 | Bit4 | Bit3 Bit2 | Bit1 | Bito | A
PMD1 | 0760 | T5MD T4MD T3MD T2MD T1MD — — — 12C1MD U2mMD UiMD | SPI2MD | SPI1MD — — AD1MD | 0000
PMD2 | 0762 — — — — IC4MD IC3MD IC2MD IC1MD — — — — OC4MD | OC3MD | OC2MD | OC1MD | 0000
PMD3 | 0764 — — — — — CMPMD — — CRCMD — — — — — 12C2MD — 0000
PMD4 | 0766 — — — — — — — — — — — — REFOMD | CTMUMD — — 0000
PMD6 | 076A — — — — — — — — — — — — — — — — 0000
DMAOMD
PMD7 | 076C — — — — — — — — — — — DMATMD PTGMD — — — 0000
DMA2MD
DMA3MD
Legend: — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
TABLE 4-38: PMD REGISTER MAP FOR PIC24EPXXXMC20X DEVICES ONLY
N';il!r?e Addr.| Bit15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ReAsltlets
PMD1 | 0760 | T5MD T4MD T3MD T2MD T1MD QEIMMD | PWMMD — 12C1MD u2mD UIMD | SPI2MD | SPI1MD — — AD1MD | 0000
PMD2 | 0762 — — — — IC4MD IC3MD IC2MD IC1MD — — — — OC4MD | OC3MD | OC2MD | OC1MD | 0000
PMD3 | 0764 — — — — — CMPMD — — CRCMD — — — — — 12C2MD — 0000
PMD4 | 0766 — — — — — — — — — — — — REFOMD | CTMUMD — — 0000
PMD6 | 076A — — — — — PWM3MD |PWM2MD [PWM1MD — — — — — — — — 0000
DMAOMD
PMD7 |076C — — — — — — — — — — — DMATMD PTGMD — — — 0000
DMA2MD
DMA3MD
Legend: — =unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

6.1 Reset Resources

Many useful resources are provided on the main prod-
uct page of the Microchip web site for the devices listed
in this data sheet. This product page, which can be
accessed using this link, contains the latest updates
and additional information.

Note: In the event you are not able to access the
product page using the link above, enter
this URL in your browser:
http://www.microchip.com/wwwproducts/
Devices.aspx?dDocName=en555464

6.1.1 KEY RESOURCES

* “Reset” (DS70602) in the “dsPIC33/PIC24
Family Reference Manual”

* Code Samples

* Application Notes

» Software Libraries

» Webinars

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

» Development Tools

DS70000657H-page 124

© 2011-2013 Microchip Technology Inc.


http://www.microchip.com/wwwproducts/Devices.aspx?dDocName=en555464#1
http://www.microchip.com/wwwproducts/Devices.aspx?dDocName=en555464

dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

TABLE 7-1: INTERRUPT VECTOR DETAILS (CONTINUED)

Interrupt Source Ve;tor IZQ IVT Address Interrupt BIt Location
Flag Enable Priority

QEI — QEI1 Position Counter Compare®| 66 58 0x000088 IFS3<10> [IEC3<10> | IPC14<10:8>
Reserved 67-72 59-64 | 0x00008A-0x000094 — — —

U1E — UART1 Error Interrupt 73 65 0x000096 IFS4<1> | IEC4<1> | IPC16<6:4>
U2E — UART2 Error Interrupt 74 66 0x000098 IFS4<2> | IEC4<2> | IPC16<10:8>
CRC - CRC Generator Interrupt 75 67 0x00009A IFS4<3> | IEC4<3> |IPC16<14:12>
Reserved 76-77 | 68-69 | 0x00009C-0x00009E = = —
C1TX — CAN1 TX Data Request® 78 70 0x000A0 IFS4<6> | IEC4<6> | IPC17<10:8>
Reserved 79-84 | 71-76 | 0X0000A2-0x0000AC — — —
CTMU — CTMU Interrupt 85 77 0x0000AE IFS4<13> [IEC4<13>| IPC19<6:4>
Reserved 86-101 | 78-93 | 0x0000B0-0x0000CE = = —
PWM1 — PWM Generator 1@ 102 94 0x0000D0 IFS5<14> | IEC5<14>| IPC23<10:8>
PWM2 — PWM Generator 2 103 95 0x0000D2 IFS5<15> [ IEC5<15> | IPC23<14:12>
PWM3 — PWM Generator 3 104 96 0x0000D4 IFS6<0> | IEC6<0> | IPC24<2:0>
Reserved 105-149 | 97-141 | 0x0001D6-0x00012E = = —

ICD — ICD Application 150 142 0x000142 IFS8<14> | IEC8<14>| IPC35<10:8>
JTAG - JTAG Programming 151 143 0x000130 IFS8<15> | IEC8<15> | IPC35<14:12>
Reserved 152 144 0x000134 — — —
PTGSTEP — PTG Step 153 145 0x000136 IFS9<1> | IEC9<1> | IPC36<6:4>
PTGWDT — PTG Watchdog Time-out 154 146 0x000138 IFS9<2> | IEC9<2> | IPC36<10:8>
PTGO — PTG Interrupt 0 155 147 0x00013A IFS9<3> | IEC9<3> |IPC36<14:12>
PTG1 - PTG Interrupt 1 156 148 0x00013C IFS9<4> | IEC9<4> | IPC37<2:0>
PTG2 - PTG Interrupt 2 157 149 0x00013E IFS9<5> | IEC9<5> | IPC37<6:4>
PTG3 - PTG Interrupt 3 158 150 0x000140 IFS9<6> | IEC9<6> | IPC37<10:8>
Reserved 159-245 | 151-245 | 0x000142-0x0001FE = = =

Lowest Natural Order Priority

Note 1: This interrupt source is available on dsPIC33EPXXXGP50X and dsPIC33EPXXXMC50X devices only.
2: This interrupt source is available on dsPIC33EPXXXMC20X/50X and PIC24EPXXXMC20X devices only.
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

REGISTER 10-1: PMD1: PERIPHERAL MODULE DISABLE CONTROL REGISTER 1

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 U-0
T5MD T4MD T3MD T2MD T1IMD QeMMD® | pwMMDD

bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 uU-0 R/W-0 R/W-0
12C1MD U2MD U1MD SPI12MD SPIMMD — C1MD®@ AD1MD

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 T5MD: Timer5 Module Disable bit

1 = Timer5 module is disabled
0 = Timer5 module is enabled

bit 14 T4AMD: Timer4 Module Disable bit
1 = Timer4 module is disabled
0 = Timer4 module is enabled

bit 13 T3MD: Timer3 Module Disable bit
1 = Timer3 module is disabled
0 = Timer3 module is enabled

bit 12 T2MD: Timer2 Module Disable bit
1 = Timer2 module is disabled
0 = Timer2 module is enabled

bit 11 T1MD: Timer1 Module Disable bit
1 = Timer1 module is disabled
0 = Timer1 module is enabled

bit 10 QEI1MD: QEI1 Module Disable bit®
1 = QEI1 module is disabled
0 = QEI1 module is enabled

bit 9 PWMMD: PWM Module Disable bit®
1 = PWM module is disabled
0 = PWM module is enabled

bit 8 Unimplemented: Read as ‘0’

bit 7 12C1MD: 12C1 Module Disable bit
1 =12C1 module is disabled
0 =12C1 module is enabled

bit 6 U2MD: UART2 Module Disable bit
1 = UART2 module is disabled
0 = UART2 module is enabled

bit 5 U1MD: UART1 Module Disable bit
1 = UART1 module is disabled
0 = UART1 module is enabled

bit 4 SPI2MD: SPI2 Module Disable bit

1 = SPI2 module is disabled
0 = SPI2 module is enabled

Note 1: This bit is available on dsPIC33EPXXXMC20X/50X and PIC24EPXXXMC20X devices only.
2: This bit is available on dsPIC33EPXXXGP50X and dsPIC33EPXXXMC50X devices only.
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11.5 1/O Helpful Tips

In some cases, certain pins, as defined in
Table 30-11, under “Injection Current”, have inter-
nal protection diodes to VDD and Vss. The term,
“Injection Current”, is also referred to as “Clamp
Current”’. On designated pins, with sufficient exter-
nal current-limiting precautions by the user, 1/0 pin
input voltages are allowed to be greater or less
than the data sheet absolute maximum ratings,
with respect to the Vss and VDD supplies. Note
that when the user application forward biases
either of the high or low side internal input clamp
diodes, that the resulting current being injected
into the device, that is clamped internally by the
VDD and VsS power rails, may affect the ADC
accuracy by four to six counts.

I/0 pins that are shared with any analog input pin
(i.e., ANx) are always analog pins by default after
any Reset. Consequently, configuring a pin as an
analog input pin automatically disables the digital
input pin buffer and any attempt to read the digital
input level by reading PORTx or LATx will always
return a ‘0’, regardless of the digital logic level on
the pin. To use a pin as a digital I/O pin on a shared
ANX pin, the user application needs to configure the
Analog Pin Configuration registers in the I/O ports
module (i.e., ANSELX) by setting the appropriate bit
that corresponds to that I/O port pinto a ‘0.

Note: Although it is not possible to use a digital
input pin when its analog function is
enabled, it is possible to use the digital I/O
output function, TRISx = 0x0, while the
analog function is also enabled. However,
this is not recommended, particularly if the
analog input is connected to an external
analog voltage source, which would
create signal contention between the
analog signal and the output pin driver.

Most 1/0O pins have multiple functions. Referring to
the device pin diagrams in this data sheet, the prior-
ities of the functions allocated to any pins are
indicated by reading the pin name from left-to-right.
The left most function name takes precedence over
any function to its right in the naming convention.
For example: AN16/T2CK/T7CK/RC1. This indi-
cates that AN16 is the highest priority in this
example and will supersede all other functions to its
right in the list. Those other functions to its right,
even if enabled, would not work as long as any
other function to its left was enabled. This rule
applies to all of the functions listed for a given pin.

Each pin has an internal weak pull-up resistor and
pull-down resistor that can be configured using the
CNPUx and CNPDx registers, respectively. These
resistors eliminate the need for external resistors
in certain applications. The internal pull-up is up to
~(VDD — 0.8), not VDD. This value is still above the
minimum VIH of CMOS and TTL devices.

When driving LEDs directly, the 1/0 pin can source
or sink more current than what is specified in the
VoH/IoH and VoL/loL DC characteristic specifica-
tion. The respective IoH and IoL current rating only
applies to maintaining the corresponding output at
or above the VOH, and at or below the VoL levels.
However, for LEDs, unlike digital inputs of an
externally connected device, they are not gov-
erned by the same minimum VIH/VIL levels. An /O
pin output can safely sink or source any current
less than that listed in the absolute maximum
rating section of this data sheet. For example:

VOH =2.4V @ IOH = -8 mA and VDD = 3.3V

The maximum output current sourced by any 8 mA

I/0 pin = 12 mA.

LED source current < 12 mA is technically

permitted. Refer to the VOH/IOH graphs in

Section 30.0 “Electrical Characteristics” for

additional information.

The Peripheral Pin Select (PPS) pin mapping rules

are as follows:

a) Only one “output” function can be active on a
given pin at any time, regardless if it is a ded-
icated or remappable function (one pin, one
output).

b) It is possible to assign a “remappable output”
function to multiple pins and externally short or
tie them together for increased current drive.

c) If any “dedicated output” function is enabled
on a pin, it will take precedence over any
remappable “output” function.

d) If any “dedicated digital” (input or output) func-
tion is enabled on a pin, any number of “input”
remappable functions can be mapped to the
same pin.

e) If any “dedicated analog” function(s) are
enabled on a given pin, “digital input(s)” of any
kind will all be disabled, although a single “dig-
ital output”, at the user’s cautionary discretion,
can be enabled and active as long as there is
no signal contention with an external analog
input signal. For example, it is possible for the
ADC to convert the digital output logic level, or
to toggle a digital output on a comparator or
ADC input provided there is no external
analog input, such as for a built-in self-test.

f)  Any number of “input” remappable functions
can be mapped to the same pin(s) at the same
time, including to any pin with a single output
from either a dedicated or remappable “output”.

© 2011-2013 Microchip Technology Inc.
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REGISTER 11-18: RPORO: PERIPHERAL PIN SELECT OUTPUT REGISTER O

U-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — RP35R<5:0>
bit 15 bit 8
uU-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — RP20R<5:0>
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’ = Bitis cleared x = Bit is unknown
bit 15-14 Unimplemented: Read as ‘0’
bit 13-8 RP35R<5:0>: Peripheral Output Function is Assigned to RP35 Output Pin bits
(see Table 11-3 for peripheral function numbers)
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 RP20R<5:0>: Peripheral Output Function is Assigned to RP20 Output Pin bits

(see Table 11-3 for peripheral function numbers)

REGISTER 11-19: RPOR1: PERIPHERAL PIN SELECT OUTPUT REGISTER 1

U-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — RP37R<5:0>
bit 15 bit 8
uU-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — RP36R<5:0>
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’ = Bitis cleared x = Bit is unknown
bit 15-14 Unimplemented: Read as ‘0’
bit 13-8 RP37R<5:0>: Peripheral Output Function is Assigned to RP37 Output Pin bits
(see Table 11-3 for peripheral function numbers)
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 RP36R<5:0>: Peripheral Output Function is Assigned to RP36 Output Pin bits

(see Table 11-3 for peripheral function numbers)
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15.2 Output Compare Control Registers
REGISTER 15-1: OCxCON1: OUTPUT COMPARE x CONTROL REGISTER 1

uU-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 u-0 R/W-0
— — OCSIDL OCTSEL2 OCTSELA1 OCTSELO — ENFLTB
bit 15 bit 8
R/W-0 uU-0 R/W-0, HSC R/W-0, HSC R/W-0 R/W-0 R/W-0 R/W-0
ENFLTA — OCFLTB OCFLTA TRIGMODE OCM2 OCM1 OCMO
bit 7 bit 0
Legend: HSC = Hardware Settable/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 15-14 Unimplemented: Read as ‘0’
bit 13 OCSIDL: Output Compare x Stop in Idle Mode Control bit

1 = Output Compare x Halts in CPU Idle mode

0 = Output Compare x continues to operate in CPU Idle mode
bit 12-10 OCTSEL<2:0>: Output Compare x Clock Select bits

111 = Peripheral clock (FP)

110 = Reserved

101 = PTGOX clock®

100 = T1CLK is the clock source of the OCx (only the synchronous clock is supported)
011 = T5CLK is the clock source of the OCx

010 = T4CLK is the clock source of the OCx

001 = T3CLK is the clock source of the OCx

000 = T2CLK is the clock source of the OCx

bit 9 Unimplemented: Read as ‘0’
bit 8 ENFLTB: Fault B Input Enable bit
1 = Output Compare Fault B input (OCFB) is enabled
0 = Output Compare Fault B input (OCFB) is disabled
bit 7 ENFLTA: Fault A Input Enable bit
1 = Output Compare Fault A input (OCFA) is enabled
0 = Output Compare Fault A input (OCFA) is disabled
bit 6 Unimplemented: Read as ‘0’
bit 5 OCFLTB: PWM Fault B Condition Status bit
1 = PWM Fault B condition on OCFB pin has occurred
0 = No PWM Fault B condition on OCFB pin has occurred
bit 4 OCFLTA: PWM Fault A Condition Status bit

1 = PWM Fault A condition on OCFA pin has occurred
0 = No PWM Fault A condition on OCFA pin has occurred

Note 1: OCxR and OCxRS are double-buffered in PWM mode only.
2:  Each Output Compare x module (OCx) has one PTG clock source. See Section 24.0 “Peripheral Trigger
Generator (PTG) Module” for more information.
PTGO4 = OC1
PTGO5 = 0C2
PTGO6 = OC3
PTGO7 = OC4
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19.2  I1°C Control Registers
REGISTER 19-1: 12CxCON: I12Cx CONTROL REGISTER

R/W-0 U-0 R/W-0 R/W-1, HC R/W-0 R/W-0 R/W-0 R/W-0
I2CEN — I2CSIDL SCLREL IPMIEN() A10M DISSLW SMEN

bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0,HC R/W-0,HC R/W-0,HC R/W-0,HC R/W-0,HC
GCEN STREN ACKDT ACKEN RCEN PEN RSEN SEN

bit 7 bit 0

Legend: 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 I2CEN: 12Cx Enable bit

1 = Enables the 12Cx module and configures the SDAx and SCLx pins as serial port pins
0 = Disables the 12Cx module; all I’C™ pins are controlled by port functions
bit 14 Unimplemented: Read as ‘0’
bit 13 12CSIDL: 12Cx Stop in Idle Mode bit
1 = Discontinues module operation when device enters an Idle mode
0 = Continues module operation in Idle mode
bit 12 SCLREL: SCLx Release Control bit (when operating as 12c slave)

1 = Releases SCLx clock
0 = Holds SCLx clock low (clock stretch)

If STREN = 1:

Bitis R/W (i.e., software can write ‘O’ to initiate stretch and write ‘1’ to release clock). Hardware is clear
at the beginning of every slave data byte transmission. Hardware is clear at the end of every slave
address byte reception. Hardware is clear at the end of every slave data byte reception.

If STREN = 0:
Bit is R/S (i.e., software can only write ‘1’ to release clock). Hardware is clear at the beginning of every
slave data byte transmission. Hardware is clear at the end of every slave address byte reception.

bit 11 IPMIEN: Intelligent Peripheral Management Interface (IPMI) Enable bit(D)

1 = IPMI mode is enabled; all addresses are Acknowledged
0 = IPMI mode disabled

bit 10 A10M: 10-Bit Slave Address bit

1 =12CxADD is a 10-bit slave address
0 = 12CxADD is a 7-bit slave address

bit 9 DISSLW: Disable Slew Rate Control bit

1 = Slew rate control is disabled
0 = Slew rate control is enabled

bit 8 SMEN: SMBus Input Levels bit

1 = Enables I/O pin thresholds compliant with SMBus specification
0 = Disables SMBus input thresholds

bit 7 GCEN: General Call Enable bit (when operating as 12c slave)

1 = Enables interrupt when a general call address is received in I2CxRSR (module is enabled for reception)
0 = General call address disabled

Note 1: When performing master operations, ensure that the IPMIEN bit is set to ‘0’.
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REGISTER 23-3:

ADI1CON3: 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® | samc3® | samc2® | samc1® | samco®
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
ADCS7®) ADCS6® ADCS5@ | ADCS4® | ADCS3®@ | ADCS2( ADCS1@ | aADCcs0®@
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 14-13
bit 12-8

bit 7-0

Note 1:

ADRC: ADC1 Conversion Clock Source bit

1 = ADC internal RC clock

0 = Clock derived from system clock
Unimplemented: Read as ‘0’
SAMC<4:0>; Auto-Sample Time bits(®)
11111 =31 TAD

00001 =1 TAD

00000 =0 TAD

ADCS<7:0>: ADC1 Conversion Clock Select bits®
11111111 =Tp+ (ADCS<7:0> + 1) = TP « 256 = TAD
00000010 =TpP e (ADCS<7:0>+1)=TP+3 =TAD
00000001 =Tp e+ (ADCS<7:0>+1)=TP+2=TAD
00000000 = TP+ (ADCS<7:0>+1)=TP+1=TAD

2: This bit is not used if ADRC (AD1CON3<15>) = 1.

This bit is only used if SSRC<2:0> (AD1CON1<7:5>) = 111 and SSRCG (AD1CON1<4>) = 0.
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24.4 Step Commands and Format

TABLE 24-1: PTG STEP COMMAND FORMAT
Step Command Byte:

STEPx<7:0>
CMD<3:0> OPTION<3:0>
bit 7 bit4 bit3 bit 0
bit 7-4
CMD<3:0> Step Command Description
Command
0000 PTGCTRL Execute control command as described by OPTION<3:0>.
0001 PTGADD Add contents of PTGADJ register to target register as described by
OPTION<3:0>.
PTGCORPY Copy contents of PTGHOLD register to target register as described by
OPTION<3:0>.
001x PTGSTRB Copy the value contained in CMD<0>:0OPTION<3:0> to the CHOSA<4:0> bits
(AD1CHS0<4:0>).
0100 PTG Wait for a low-to-high edge input from the selected PTG trigger input as
described by OPTION<3:0>.
0101 PTGALO Wait for a high-to-low edge input from the selected PTG trigger input as

described by OPTION<3:0>.

0110 Reser ved Reserved.

0111 PTA RQ Generate individual interrupt request as described by OPTION3<:0>.
100x PTGTRI G Generate individual trigger output as described by <<CMD<0>:0PTION<3:0>>.
101x PTG MP Copy the value indicated in <<CMD<0>:0PTION<3:0>> to the Queue Pointer

(PTGQPTR) and jump to that Step queue.

110x PTG MPCO PTGCO = PTGCOLIM: Increment the Queue Pointer (PTGQPTR).

PTGCO # PTGCOLIM: Increment Counter 0 (PTGCO) and copy the value
indicated in <<CMD<0>:0OPTION<3:0>> to the Queue Pointer (PTGQPTR),
and jump to that Step queue

111x PTG MPCL PTGC1 = PTGC1LIM: Increment the Queue Pointer (PTGQPTR).

PTGC1 # PTGC1LIM: Increment Counter 1 (PTGC1) and copy the value
indicated in <<CMD<0>:OPTION<3:0>> to the Queue Pointer (PTGQPTR),
and jump to that Step queue.

Note 1: All reserved commands or options will execute but have no effect (i.e., execute as a NOP instruction).
2: Refer to Table 24-2 for the trigger output descriptions.
3: This feature is only available on dsPIC33EPXXXMC20X/50X and PIC24EPXXXMC20X devices.
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FIGURE 26-2: CRC SHIFT ENGINE DETAIL

CRCWDATH

I CRCWDATL

Read/Write Bus

A
X(1 )(1)

) 4
Bit 0 =\ Bit 1
A

Shift Buffer
Data

) 4

b
»PD—> Bit2 |— - - —»pP—» Bitn®@ W
A A

Note 1: Each XOR stage of the shift engine is programmable. See text for details.
2:  Polynomial length n is determined by ([PLEN<4:0>] + 1).

26.1 Overview

The CRC module can be programmed for CRC
polynomials of up to the 32nd order, using up to 32 bits.
Polynomial length, which reflects the highest exponent
in the equation, is selected by the PLEN<4:0> bits
(CRCCONZ2<4:0>).

The CRCXORL and CRCXORH registers control which
exponent terms are included in the equation. Setting a
particular bit includes that exponent term in the
equation; functionally, this includes an XOR operation
on the corresponding bit in the CRC engine. Clearing
the bit disables the XOR.

For example, consider two CRC polynomials, one a
16-bit equation and the other a 32-bit equation:

Xx16+x12+x5+1
and

X32 + X26 + x23 + x22 + X16 + x12 + x11 + x10 + X8 + X7
+X5+x4+x2+x+1

To program these polynomials into the CRC generator,
set the regqister bits as shown in Table 26-1.

Note that the appropriate positions are set to ‘1’ to
indicate that they are used in the equation (for example,
X26 and X23). The 0 bit required by the equation is
always XORed; thus, X0 is a don’t care. For a poly-
nomial of length N, it is assumed that the Nth bit will
always be used, regardless of the bit setting. Therefore,
for a polynomial length of 32, there is no 32nd bit in the
CRCXxOR register.

TABLE 26-1: CRC SETUP EXAMPLES FOR
16 AND 32-BIT POLYNOMIAL

Bit Values
CRC Control
Bits 16-bit 32-bit
Polynomial Polynomial
PLEN<4:0> 01111 11111
X<31:16> 0000 0000 0000 0100
0000 000x 1100 0001
X<15:0> 0001 0000 0001 1101
0010 000x 1011 011x

26.2 Programmable CRC Resources

Many useful resources are provided on the main prod-
uct page of the Microchip web site for the devices listed
in this data sheet. This product page, which can be
accessed using this link, contains the latest updates
and additional information.

Note: In the event you are not able to access the
product page using the link above, enter
this URL in your browser:
http://www.microchip.com/wwwproducts/
Devices.aspx?dDocName=en555464

26.2.1 KEY RESOURCES

* “Programmable Cyclic Redundancy Check
(CRC)" (DS70348) in the “dsPIC33/PIC24 Family
Reference Manual”

* Code Samples

* Application Notes
» Software Libraries
* Webinars

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

» Development Tools
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REGISTER 26-2: CRCCON2: CRC CONTROL REGISTER 2

uU-0 u-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

— — — DWIDTH4 | DWIDTH3 DWIDTH2 DWIDTH1 DWIDTHO
bit 15 bit 8

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

— — — PLEN4 PLEN3 PLEN2 PLEN1 PLENO
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 15-13 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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FIGURE 30-25: SPI1 MASTER MODE (FULL-DUPLEX, CKE =0, CKP = x, SMP =1)

TIMING CHARACTERISTICS
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Refer to Figure 30-1 for load conditions.

TABLE 30-44: SPI1 MASTER MODE (FULL-DUPLEX, CKE =0, CKP =x, SMP =1)

TIMING REQUIREMENTS

Standard Operating Conditions: 3.0V to 3.6V
unless otherwise stated
AC CHARACTERISTICS (Operating temperature -)40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended
Param. | Symbol Characteristic(t) Min. | Typ.® | Max. | Units Conditions
SP10 FscP Maximum SCK1 Frequency — — 10 MHz |-40°C to +125°C
(Note 3)
SP20 TscF SCK1 Output Fall Time — — — ns See Parameter DO32
(Note 4)
SP21 TscR SCK1 Output 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, | SDO1 Data Output Valid after — 6 20 ns
TscL2doV |SCK1 Edge
SP36 TdoV2scH, | SDO1 Data Output Setup to 30 — — ns
TdoV2scL |First SCK1 Edge
SP40 TdiV2scH, | Setup Time of SDI1 Data 30 — — ns
TdiV2scL |Input to SCK1 Edge
SP41 TscH2diL, |Hold Time of SDI1 Data Input 30 — — ns
TscL2diL |to SCK1 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 SCK1 is 100 ns. The clock generated in Master mode must not violate this

S

pecification.

4: Assumes 50 pF load on all SPI1 pins.
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32.0 DC AND AC DEVICE CHARACTERISTICS GRAPHS

Note:  The graphs provided following this note are a statistical summary based on a limited number of samples and are provided for design guidance purposes
only. The performance characteristics listed herein are not tested or guaranteed. In some graphs, the data presented may be outside the specified operating
range (e.g., outside specified power supply range) and therefore, outside the warranted range.
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28-Lead Plastic Small Outline (SO) - Wide, 7.50 mm Body [SOIC]

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