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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

60 MIPs

12C, IrDA, LINbus, QEI, SPI, UART/USART
Brown-out Detect/Reset, DMA, Motor Control PWM, POR, PWM, WDT
35

256KB (85.5K x 24)

FLASH

16K x 16

3V ~ 3.6V

A/D 9x10b/12b

Internal

-40°C ~ 125°C (TA)

Surface Mount

44-VFTLA Exposed Pad

44-VTLA (6x6)
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TABLE 4-5: INTERRUPT CONTROLLER REGISTER MAP FOR dsPIC33EPXXXGP50X DEVICES ONLY

NZir'ﬁe Addr.| Bit15 | Bit14 | Bit13 | Bit12 Bit1l | Bit10 | Bit9 | Bit8 Bit 7 Bt 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Re’;'éts
IFS0 0800| — |DMA1IF| AD1IF | UTTXIF | UIRXIF | SPHIF |SPMEIF| T3IF T2IF OC2IF | IC2IF | DMAOF | T1IF OC1IF IC1IF | INTOIF | 0000
IFS1 0802 | U2TXIF | U2RXIF | INT2IF | T5IF T4IF | OC4IF | OC3IF | DMA2IF —_ —_ —_ INTAIF CNIF CMIF MI2C1IF | SI2C1IF | 0000
IFS2 0804 | — —_ _ —_ —_ _ _ —_ —_ IC4IF IC3IF | DMA3IF | C1IF CIRXIF | SPI2IF |SPI2EIF| 0000
IFS3 0806 | — —_ _ —_ —_ _ _ —_ —_ —_ —_ —_ —_ MI2C2IF | SI2C2IF — | oooo
IFS4 0808 | — — lemur| — —_ _ _ —_ —_ CATXIF —_ —_ CRCIF | U2EIF U1EIF — | oooo
IFS6 osoc| — —_ _ —_ —_ _ _ —_ —_ —_ —_ —_ —_ —_ _ PWM3IF| 0000
IFS8 0810 | JTAGIF | ICDIF _ —_ —_ _ _ —_ —_ —_ —_ —_ —_ —_ _ — | oooo
IFS9 0812 — —_ _ —_ —_ _ _ —_ —_ PTG3IF | PTG2IF | PTGIIF | PTGOIF |PTGWDTIF|PTGSTEPIF| — | 0000
IECO 0820 — |DMAMIE| AD1E | UITXIE | UIRXIE | SPMIE |SPHEIE| T3IE T2IE OC2[E | IC2IE | DMAOIE | TIIE OC1IE IC1E | INTOIE | 0000
IEC 0822 | U2TXIE | U2RXIE | INT2IE | TSIE T4IE | OC4IE | OC3IE | DMA2IE —_ —_ —_ INTIE | CNIE CMIE MI2C1IE | SI2C1IE | 0000
IEC2 0824 | — —_ _ —_ —_ _ _ —_ —_ IC4IE IC3IE | DMA3IE | CIIE CIRXE | SPI2IE |SPI2EIE| 0000
IEC3 0826 | — —_ _ —_ —_ _ _ —_ —_ —_ —_ —_ —_ MI2C2IE | SI2C2IE — | oooo
IEC4 0828| — — lecmue| — —_ _ _ —_ —_ CATXIE —_ —_ CRCIE | U2EIE UIEIE — | oooo
IEC8 0830 | JTAGIE | ICDIE _ —_ —_ _ _ —_ —_ —_ —_ —_ —_ _ _ — | oooo
IEC9 0832| — —_ _ —_ —_ _ _ —_ —_ PTG3IE | PTG2IE | PTGIIE | PTGOIE |PTGWDTIE|PTGSTEPIE| — | 0000
IPCO 0840 | — T1IP<2:0> —_ 0C1IP<2:0> —_ IC1IP<2:0> —_ INTOIP<2:0> 4444
IPC1 0842 | — T2IP<2:0> —_ 0C2IP<2:0> —_ IC2IP<2:0> —_ DMAOIP<2:0> 4444
IPC2 0844 | — U1RXIP<2:0> —_ SPI1IP<2:0> —_ SPHEIP<2:0> —_ T3IP<2:0> 4444
IPC3 0846 | — — [ =1 - —_ DMAT1IP<2:0> —_ AD1IP<2:0> —_ U1TXIP<2:0> 0444
IPC4 0848 | — CNIP<2:0> —_ CMIP<2:0> —_ MI2C1IP<2:0> —_ SI2C1IP<2:0> 4444
IPC5 084A| — — [ =1 - —_ — [ — 1T - —_ —_ —_ —_ —_ INT1IP<2:0> 0004
Pc6  |osac| — T4IP<2:0> —_ 0C4IP<2:0> —_ 0C3IP<2:0> —_ DMA2IP<2:0> 4444
IPC7  |084E| — U2TXIP<2:0> —_ U2RXIP<2:0> —_ INT2IP<2:0> —_ T5IP<2:0> 4444
IPC8 0850 | — C1IP<2:0> —_ C1RXIP<2:0> —_ SPI2IP<2:0> —_ SPI2EIP<2:0> 4444
IPC9 0852| — —_ _ —_ —_ IC4IP<2:0> —_ IC3IP<2:0> —_ DMA3IP<2:0> 0444
IPC11 | 0856 | — —_ _ —_ —_ — [ — 1T - —_ — | = 1 = —_ —_ _ — | oooo
IPc12 | 0858 | — —_ _ —_ — MI2C2IP<2:0> —_ SI2C2IP<2:0> —_ —_ _ — | o440
IPC16 | 0860 | — CRCIP<2:0> —_ U2EIP<2:0> —_ U1EIP<2:0> —_ —_ _ — | 4440
Pc17 | 0862| — —_ _ —_ — C1TXIP<2:0> —_ — | = 1 = —_ —_ _ — | o400
IPC19 | 0866 | — —_ _ —_ —_ — [ — 1T - —_ CTMUIP<2:0> —_ —_ _ — | ooso
IPC35 | 0886 | — JTAGIP<2:0> _ ICDIP<2:0> —_ — | = 1 = —_ —_ _ — | 4400
IPC36 | 0888 | — PTGOIP<2:0> —_ PTGWDTIP<2:0> —_ PTGSTEPIP<2:0> —_ —_ _ — | 4440
IPc37  |o0ssA| — — [ =1 - — PTG3IP<2:0> —_ PTG2IP<2:0> —_ PTG1IP<2:0> 0444
Legend: — =unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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TABLE 4-53: PORTA REGISTER MAP FOR PIC24EPXXXGP/MC204 AND dsPIC33EPXXXGP/MC204/504 DEVICES ONLY
e |addr.| Bit1s | Bit14 | Bit1s | Bit12 | Bitll | Bitl0 | Bito | Bits | Bit7 | Bit6 | Bits | Bit4 | Bit3 | Bit2 | Bit1 | Bito | A
TRISA O0EO0 — — — — — TRISA10 | TRISA9 | TRISA8 | TRISA7 — — TRISA4 | TRISA3 | TRISA2 | TRISA1 | TRISAO | 079F
PORTA | OEO2 — — — — — RA10 RA9 RA8 RA7 — — RA4 RA3 RA2 RA1 RAO 0000
LATA OEO4 — — — — — LATA10 LATA9 LATA8 LATA7 — — LATA4 LATA3 LATA2 | LA1TA1 | LAOTAO | 0000
ODCA OE06 — — — — — ODCA10 | ODCA9 | ODCA8 | ODCA7 — — ODCA4 | ODCA3 | ODCA2 | ODCA1 | ODCAO | 0000
CNENA | OEO8 — — — — — CNIEA10 | CNIEA9 | CNIEA8 | CNIEA7 — — CNIEA4 | CNIEA3 | CNIEA2 | CNIEA1 | CNIEAO | 0000
CNPUA | OEOA — — — — — CNPUA10 | CNPUA9 | CNPUA8 | CNPUA7 — — CNPUA4 | CNPUA3 | CNPUA2 | CNPUA1 | CNPUAO | 0000
CNPDA | OEOC — — — — — CNPDA10 | CNPDA9 | CNPDA8 | CNPDA7 — — CNPDA4 | CNPDA3 | CNPDA2 | CNPDA1 | CNPDAO | 0000
ANSELA | OEOE — — — — — — — — — — — ANSA4 — — ANSA1 | ANSAO | 0013
Legend: — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
TABLE 4-54: PORTB REGISTER MAP FOR PIC24EPXXXGP/MC204 AND dsPIC33EPXXXGP/MC204/504 DEVICES ONLY
NIZIIT(?e 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 ReAslétS
TRISB | OE10 | TRISB15 | TRISB14 | TRISB13 | TRISB12 | TRISB11 | TRISB10 | TRISB9 | TRISB8 | TRISB7 | TRISB6 | TRISB5 | TRISB4 | TRISB3 | TRISB2 | TRISB1 | TRISBO | FFFF
PORTB | OE12 RB15 RB14 RB13 RB12 RB11 RB10 RB9 RB8 RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO XXXX
LATB OE14 | LATB15 LATB14 LATB13 LATB12 | LATB11 LATB10 LATB9 LATB8 LATB7 LATB6 | LATBS LATB4 LATB3 LATB2 LATB1 LATBO | xxxx
ODCB OE16 | ODCB15 | ODCB14 | ODCB13 | ODCB12 | ODCB11 | ODCB10 | ODCB9 | ODCB8 | ODCB7 | ODCB6 | ODCB5 | ODCB4 | ODCB3 | ODCB2 | ODCB1 | ODCBO | 0000
CNENB | OE18 | CNIEB15 | CNIEB14 | CNIEB13 | CNIEB12 | CNIEB11 | CNIEB10 | CNIEB9 | CNIEB8 | CNIEB7 | CNIEB6 | CNIEB5 | CNIEB4 | CNIEB3 | CNIEB2 | CNIEB1 | CNIEBO | 0000
CNPUB | OE1A | CNPUB15 | CNPUB14 | CNPUB13 | CNPUB12 | CNPUB11 | CNPUB10 | CNPUB9 | CNPUB8 | CNPUB7 | CNPUB6 | CNPUB5 | CNPUB4 | CNPUB3 | CNPUB2 | CNPUB1 | CNPUBO | 0000
CNPDB | OE1C | CNPDB15 | CNPDB14 | CNPDB13 | CNPDB12 | CNPDB11 | CNPDB10 | CNPDB9 | CNPDB8 | CNPDB7 | CNPDB6 | CNPDB5 | CNPDB4 | CNPDB3 | CNPDB2 | CNPDB1 | CNPDBO | 0000
ANSELB | OE1E — — — — — — — ANSB8 — — — — ANSB3 | ANSB2 | ANSB1 | ANSBO | 010F
Legend: x =unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
TABLE 4-55: PORTC REGISTER MAP FOR PIC24EPXXXGP/MC204 AND dsPIC33EPXXXGP/MC204/504 DEVICES ONLY
N';irlse Addr. | Bit15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ReAgltl-:‘tS
TRISC 0E20 — — — — — — TRISCY | TRISC8 | TRISC7 | TRISC6 | TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO | 03FF
PORTC | OE22 — — — — — — RC9 RC8 RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO XXXX
LATC 0E24 — — — — — — LATC9 LATC8 LATC7 LATC6 LATC5 LATC4 LATC3 LATC2 LATC1 LATCO | xxxx
oDCC 0E26 — — — — — — ODCC9 | ODCC8 | ODCC7 | ODCC6 | ODCC5 | ODCC4 | ODCC3 | ODCC2 | ODCC1 | ODCCO | 0000
CNENC | OE28 — — — — — — CNIEC9 | CNIEC8 | CNIEC7 | CNIEC6 | CNIEC5 | CNIEC4 | CNIEC3 | CNIEC2 | CNIEC1 | CNIECO | 0000
CNPUC | OE2A — — — — — — CNPUC9 | CNPUC8 | CNPUC7 | CNPUC6 | CNPUCS5 | CNPUC4 | CNPUC3 | CNPUC2 | CNPUC1 | CNPUCO | 0000
CNPDC | OE2C — — — — — — CNPDC9 | CNPDC8 | CNPDC7 | CNPDC6 | CNPDC5 | CNPDC4 | CNPDC3 | CNPDC2 | CNPDC1 | CNPDCO | 0000
ANSELC | OE2E — — — — — — — — — — — — — ANSC2 | ANSC1 | ANSCO | 0007
Legend: x =unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.

X0ZOW/dDXXXdAYZIld ANV X0S/X0ZOWXXXdIEEDIASP "XOSdOXXXJIEEDIASP



"ou| ABojouyoa | diyoosolN €102-110Z ©

€0} 8bed-H,590000.5a

TABLE 4-56: PORTA REGISTER MAP FOR PIC24EPXXXGP/MC203 AND dsPIC33EPXXXGP/MC203/503 DEVICES ONLY
e |addr.| Bitis | Bit14 | Bit13 | Bit12 | Bitll | Bitl0 | Bito | Bits | Bit7 | Bit6 | Bits | Bit4 | Bit3 | Bit2 | Bit1 | Bito | A
TRISA O0EO0 — — — — — — — TRISA8 — — — TRISA4 | TRISA3 | TRISA2 | TRISA1 | TRISAO | 011F
PORTA | OEO2 — — — — — — — RA8 — — — RA4 RA3 RA2 RA1 RAO 0000
LATA OE04 — — — — — — — LATA8 — — — LATA4 LATA3 LATA2 | LA1TA1 | LAOTAO | 0000
ODCA OE06 — — — — — — — ODCA8 — — — ODCA4 | ODCA3 | ODCA2 | ODCA1 | ODCAO | 0000
CNENA | OEO8 — — — — — — — CNIEA8 — — — CNIEA4 | CNIEA3 | CNIEA2 | CNIEA1 | CNIEAO | 0000
CNPUA | OEOA — — — — — — — CNPUAS8 — — — CNPUA4 | CNPUA3 | CNPUA2 | CNPUA1 | CNPUAO | 0000
CNPDA | OEOC — — — — — — — CNPDA8 — — — CNPDA4 | CNPDA3 | CNPDA2 | CNPDA1 | CNPDAO | 0000
ANSELA | OEOE — — — — — — — — — — — ANSA4 — — ANSA1 | ANSAO | 0013
Legend: — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
TABLE 4-57: PORTB REGISTER MAP FOR PIC24EPXXXGP/MC203 AND dsPIC33EPXXXGP/MC203/503 DEVICES ONLY
N':rl’r?e 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 ReAslétS
TRISB O0E10 | TRISB15 | TRISB14 | TRISB13 | TRISB12 | TRISB11 | TRISB10 | TRISB9 | TRISB8 | TRISB7 | TRISB6 | TRISB5 | TRISB4 | TRISB3 | TRISB2 | TRISB1 | TRISBO | FFFF
PORTB | OE12 RB15 RB14 RB13 RB12 RB11 RB10 RB9 RB8 RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO XXXX
LATB OE14 | LATB15 LATB14 LATB13 LATB12 | LATB11 LATB10 LATB9 | LATB8 | LATB7 LATB6 LATB5 LATB4 LATB3 LATB2 LATB1 LATBO | xxxx
ODCB OE16 | ODCB15 | ODCB14 | ODCB13 | ODCB12 | ODCB11 | ODCB10 | ODCB9 | ODCB8 | ODCB7 | ODCB6 | ODCB5 | ODCB4 | ODCB3 | ODCB2 | ODCB1 [ ODCBO | 0000
CNENB | OE18 | CNIEB15 | CNIEB14 | CNIEB13 | CNIEB12 | CNIEB11 | CNIEB10 | CNIEB9 | CNIEB8 | CNIEB7 | CNIEB6 | CNIEB5 | CNIEB4 | CNIEB3 | CNIEB2 | CNIEB1 | CNIEBO | 0000
CNPUB | OE1A | CNPUB15 | CNPUB14 | CNPUB13 | CNPUB12 | CNPUB11 | CNPUB10 | CNPUB9 | CNPUBS8 | CNPUB7 | CNPUB6 | CNPUB5 | CNPUB4 | CNPUB3 | CNPUB2 | CNPUB1 | CNPUBO | 0000
CNPDB | OE1C | CNPDB15 | CNPDB14 | CNPDB13 | CNPDB12 | CNPDB11 | CNPDB10 | CNPDB9 | CNPDB8 | CNPDB7 | CNPDB6 | CNPDB5 | CNPDB4 | CNPDB3 | CNPDB2 | CNPDB1 | CNPDBO | 0000
ANSELB | OE1E — — — — — — — ANSB8 — — — — ANSB3 | ANSB2 | ANSB1 | ANSBO | 010F
Legend: x =unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
TABLE 4-58: PORTC REGISTER MAP FOR PIC24EPXXXGP/MC203 AND dsPIC33EPXXXGP/MC203/503 DEVICES ONLY
N';irlse 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 Bit1 Bit 0 Regl::‘ts
TRISC 0E20 — — — — — — — TRISC8 — — — — — — TRISC1 | TRISCO | 0103
PORTC | OE22 — — — — — — — RC8 — — — — — — RC1 RCO XXXX
LATC 0E24 — — — — — — — LATC8 — — — — — — LATC1 LATCO | xxxx
oDCC 0E26 — — — — — — — ODCC8 — — — — — — ODCC1 | ODCCO | 0000
CNENC | OE28 — — — — — — — CNIEC8 — — — — — — CNIEC1 | CNIECO | 0000
CNPUC | OE2A — — — — — — — CNPUCS8 — — — — — — CNPUC1 | CNPUCO | 0000
CNPDC | OE2C — — — — — — — CNPDC8 — — — — — — CNPDC1 | CNPDCO | 0000
ANSELC | OE2E — — — — — — — — — — — — — — ANSC1 | ANSCO | 0003
Legend: x =unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

REGISTER 8-3: DMAXSTAH: DMA CHANNEL x START ADDRESS REGISTER A (HIGH)
U-0 u-0 uU-0 u-0 uU-0 uU-0 uU-0 uU-0
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
STA<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’ = Bitis cleared x = Bit is unknown
bit 15-8 Unimplemented: Read as ‘0’
bit 7-0 STA<23:16>: Primary Start Address bits (source or destination)
REGISTER 8-4: DMAXSTAL: DMA CHANNEL x START ADDRESS REGISTER A (LOW)
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
STA<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
STA<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’ = Bitis cleared x = Bit is unknown
bit 15-0 STA<15:0>: Primary Start Address bits (source or destination)
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

10.21 SLEEP MODE
The following occurs in Sleep mode:

* The system clock source is shut down. If an
on-chip oscillator is used, it is turned off.

» The device current consumption is reduced to a
minimum, provided that no I/O pin is sourcing
current.

» The Fail-Safe Clock Monitor does not operate,
since the system clock source is disabled.

» The LPRC clock continues to run in Sleep mode if
the WDT is enabled.

» The WDT, if enabled, is automatically cleared
prior to entering Sleep mode.

» Some device features or peripherals can continue
to operate. This includes items such as the Input
Change Notification (ICN) on the 1/O ports or
peripherals that use an external clock input.

* Any peripheral that requires the system clock
source for its operation is disabled.

The device wakes up from Sleep mode on any of these
events:

* Any interrupt source that is individually enabled
* Any form of device Reset
« AWDT time-out

On wake-up from Sleep mode, the processor restarts
with the same clock source that was active when Sleep
mode was entered.

For optimal power savings, the internal regulator and
the Flash regulator can be configured to go into
Standby when Sleep mode is entered by clearing the
VREGS (RCON<8>) and VREGSF (RCON<11>) bits
(default configuration).

If the application requires a faster wake-up time, and
can accept higher current requirements, the VREGS
(RCON<8>) and VREGSF (RCON<11>) bits can be set
to keep the internal regulator and the Flash regulator
active during Sleep mode.

10.2.2 IDLE MODE
The following occurs in Idle mode:

» The CPU stops executing instructions.

« The WDT is automatically cleared.

» The system clock source remains active. By
default, all peripheral modules continue to operate
normally from the system clock source, but can
also be selectively disabled (see Section 10.4
“Peripheral Module Disable”).

* |fthe WDT or FSCM is enabled, the LPRC also
remains active.

The device wakes from Idle mode on any of these
events:

* Any interrupt that is individually enabled
* Any device Reset
* AWDT time-out

On wake-up from Idle mode, the clock is reapplied to
the CPU and instruction execution will begin (2-4 clock
cycles later), starting with the instruction following the
PWRSAV instruction or the first instruction in the
Interrupt Service Routine (ISR).

All peripherals also have the option to discontinue
operation when Idle mode is entered to allow for
increased power savings. This option is selectable in
the control register of each peripheral; for example, the
TSIDL bit in the Timer1 Control register (T1CON<13>).

10.2.3 INTERRUPTS COINCIDENT WITH
POWER SAVE INSTRUCTIONS

Any interrupt that coincides with the execution of a
PWRSAV instruction is held off until entry into Sleep or
Idle mode has completed. The device then wakes up
from Sleep or Idle mode.
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

11.1.1 OPEN-DRAIN CONFIGURATION

In addition to the PORTx, LATx and TRISx registers
for data control, port pins can also be individually
configured for either digital or open-drain output. This
is controlled by the Open-Drain Control register,
ODCXx, associated with each port. Setting any of the
bits configures the corresponding pin to act as an
open-drain output.

The open-drain feature allows the generation of
outputs other than VDD by using external pull-up
resistors. The maximum open-drain voltage allowed
on any pin is the same as the maximum VIH
specification for that particular pin.

See the “Pin Diagrams” section for the available
5V tolerant pins and Table 30-11 for the maximum
VIH specification for each pin.

11.2 Configuring Analog and Digital
Port Pins

The ANSELx register controls the operation of the
analog port pins. The port pins that are to function as
analog inputs or outputs must have their corresponding
ANSELXx and TRISx bits set. In order to use port pins for
I/O functionality with digital modules, such as Timers,
UARTS, etc., the corresponding ANSELXx bit must be
cleared.

The ANSELXx register has a default value of OxFFFF;
therefore, all pins that share analog functions are
analog (not digital) by default.

Pins with analog functions affected by the ANSELx
registers are listed with a buffer type of analog in the
Pinout I/O Descriptions (see Table 1-1).

If the TRISx bit is cleared (output) while the ANSELX bit
is set, the digital output level (VOH or VoL) is converted
by an analog peripheral, such as the ADC module or
comparator module.

When the PORTXx register is read, all pins configured as
analog input channels are read as cleared (a low level).

Pins configured as digital inputs do not convert an
analog input. Analog levels on any pin defined as a
digital input (including the ANx pins) can cause the
input buffer to consume current that exceeds the
device specifications.

11.2.1 I/0 PORT WRITE/READ TIMING

One instruction cycle is required between a port
direction change or port write operation and a read
operation of the same port. Typically this instruction
would be a NOP, as shown in Example 11-1.

11.3 Input Change Notification (ICN)

The Input Change Notification function of the I/O ports
allows devices to generate interrupt requests to the
processor in response to a Change-of-State (COS) on
selected input pins. This feature can detect input
Change-of-States even in Sleep mode, when the clocks
are disabled. Every 1/O port pin can be selected
(enabled) for generating an interrupt request on a
Change-of-State.

Three control registers are associated with the Change
Notification (CN) functionality of each 1/0 port. The
CNENX registers contain the CN interrupt enable con-
trol bits for each of the input pins. Setting any of these
bits enables a CN interrupt for the corresponding pins.

Each 1/0 pin also has a weak pull-up and a weak
pull-down connected to it. The pull-ups and pull-
downs act as a current source or sink source
connected to the pin and eliminate the need for
external resistors when push button, or keypad
devices are connected. The pull-ups and pull-downs
are enabled separately, using the CNPUx and the
CNPDx registers, which contain the control bits for
each of the pins. Setting any of the control bits
enables the weak pull-ups and/or pull-downs for the
corresponding pins.

Note: Pull-ups and pull-downs on Change Noti-
fication pins should always be disabled
when the port pin is configured as a digital
output.

EXAMPLE 11-1: PORT WRITE/READ

EXAMPLE
MOV OxFFOO, W Confi gure PORTB<15: 8>
; as inputs
MV W), TRISB ; and PORTB<7: 0>
; as outputs
NOP ; Delay 1 cycle
BTSS PORTB, #13 Next | nstruction
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TABLE 11-2:  INPUT PIN SELECTION FOR SELECTABLE INPUT SOURCES

Peripheral Pin Input/ _ _ Peripheral Pin Input/ _ _
Sel_ect Input Output Pin Assignment Sel_ect Input Output Pin Assignment

Register Value Register Value

000 0000 [ Vss 010 1101 [ RPI45
000 0001 [ c1out® 010 1110 [ RP146
000 0010 [ c2ouT® 010 1111 [ RPI47
000 0011 [ c3ouTt® 011 0000 — —
000 0100 [ caouTt® 011 0001 — —
000 0101 — — 011 0010 — —
000 0110 [ PTGO30M 011 0011 [ RPI51
000 0111 | PTGO31(D 011 0100 | RPI52
000 1000 [ FINDX1(1:2) 011 0101 | RPI53
000 1001 | FHOME1(1:2) 011 0110 110 RP54
000 1010 — — 011 0111 /0 RP55
000 1011 — — 011 1000 110 RP56
000 1100 — — 011 1001 /0 RP57
000 1101 — — 011 1010 [ RPI58
000 1110 — — 011 1011 — —
000 1111 — — 011 1100 — —
001 0000 — — 011 1101 — —
001 0001 — — 011 1110 — —
001 0010 — — 011 1111 — —
001 0011 — — 100 0000 — —
001 0100 110 RP20 100 0001 — —
001 0101 — — 100 0010 — —
001 0110 — — 100 0011 — —
001 0111 — — 100 0100 — —
001 1000 [ RPI24 100 0101 — —
001 1001 [ RPI25 100 0110 — —
001 1010 — — 100 0111 — —
001 1011 [ RPI27 100 1000 — —
001 1100 [ RPI28 100 1001 — —
001 1101 — — 100 1010 — —
001 1110 — — 100 1011 — —
001 1111 — — 100 1100 — —
010 0000 [ RPI32 100 1101 — —
010 0001 | RPI33 100 1110 — —
010 0010 [ RPI34 100 1111 — —
010 0011 110 RP35 101 0000 — —
010 0100 e} RP36 101 0001 — —
010 0101 /0 RP37 101 0010 — —
010 0110 110 RP38 101 0011 — —
010 0111 /0 RP39 101 0100 — —

Legend: Shaded rows indicate PPS Input register values that are unimplemented.

Note 1:

2:  These inputs are available on dsPIC33EPXXXGP/MC50X devices only.

See Section 11.4.4.1 “Virtual Connections” for more information on selecting this pin assignment.
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15.0 OUTPUT COMPARE

The output compare module can select one of seven
available clock sources for its time base. The module

Note 1: This data sheet summarizes the features compares the value of the timer with the value of one or
of the dsPIC33EPXXXGP50X, two compare registers depending on the operating
dsPIC33EPXXXMC20X/50X ~  and mode selected. The state of the output pin changes
PIC24EPXXXGP/MC20X  families  of when the timer value matches the compare register
devices. It is not intended to be a compre- value. The output compare module generates either a
hensive reference source. To complement single output pulse or a sequence of output pulses, by
the information in this data sheet, refer to changing the state of the output pin on the compare
“Output Compare” (DS70358) in the match events. The output compare module can also
dsPIC33/PIC24 Family Reference Man- generate interrupts on compare match events and
ual”’, which is available from the Microchip trigger DMA data transfers.
web site (www.microchip.com).

2: Some registers and associated bits Note:  See ““Output Compare” (DS70358) in
described in this section may not be the dS”P|C33/ PIC24 Family Reference
available on all devices. Refer to Manual” for OCxR and OCxRS register
Section 4.0 “Memory Organization” in restrictions.
this data sheet for device-specific register
and bit information.

FIGURE 15-1: OUTPUT COMPARE x MODULE BLOCK DIAGRAM
M 1
|| OCxCON1 ||
I OCxCON2 I
L —— — — -
CTMU Edge
Control Logic
—
Y Y OCx Pin
—:> : Comparator > E >_|X|
—  Clock Increment I\E/Iatcl?
OC Clock > ven OCFB
Sources _+ Select : OC Output and
| | OCxTMR Rollover o Fault Logic
| |
I . Comparator > OCFA
: . | Match Event '\E/'\?éﬁ't‘
Trigger and » TsrlggeLr ar?d | I
Sync Sources ync Logic
Y : : —— PTG Trigger Input
SYNCSEL<4:0> ' y
0> | Rollover/Reset

Trigger® L - — = J 47 \ o )

OCx Synchronization/Trigger Event
OCx Interrupt
Reset

Note 1: The Trigger/Sync source is enabled by default and is set to Timer2 as a source. This timer must be enabled for

proper OCx module operation or the Trigger/Sync source must be changed to another source option.
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DS70000657H-page 219


http://www.microchip.com
http://www.microchip.com

dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

18.0 SERIAL PERIPHERAL
INTERFACE (SPI)

Note 1: This data sheet summarizes the
features of the dsPIC33EPXXXGP50X,
dsPIC33EPXXXMC20X/50X and
PIC24EPXXXGP/MC20X families of
devices. It is not intended to be a
comprehensive reference source. To com-
plement the information in this data sheet,
refer to “Serial Peripheral Interface
(SPI)” (DS70569) in the “dsPIC33/PIC24
Family Reference Manual”, which is avail-
able from the Microchip web site
(www.microchip.com).

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

The SPI module is a synchronous serial interface,
useful for communicating with other peripheral or
microcontroller devices. These peripheral devices can
be serial EEPROMSs, shift registers, display drivers,
ADC Converters, etc. The SPI module is compatible
with Motorola® SPI and SIOP interfaces.

The dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/
50X and PIC24EPXXXGP/MC20X device family offers
two SPI modules on a single device. These modules,
which are designated as SPI1 and SPI2, are function-
ally identical. Each SPI module includes an eight-word
FIFO buffer and allows DMA bus connections. When
using the SPI module with DMA, FIFO operation can be
disabled.

Note: In this section, the SPlI modules are
referred to together as SPIx, or separately
as SPI1 and SPI2. Special Function
Registers follow a similar notation. For
example, SPIXCON refers to the control
register for the SPI1 and SPI2 modules.

The SPI1 module uses dedicated pins which allow for a
higher speed when using SPI1. The SPI2 module takes
advantage of the Peripheral Pin Select (PPS) feature to
allow for greater flexibility in pin configuration of the SPI2
module, but results in a lower maximum speed for SPI2.
See Section 30.0 “Electrical Characteristics” for
more information.

The SPIx serial interface consists of four pins, as

follows:

» SDIx: Serial Data Input

» SDOx: Serial Data Output

* SCKXx: Shift Clock Input or Output

+ SSx/FSYNCx: Active-Low Slave Select or Frame
Synchronization I/O Pulse

The SPIx module can be configured to operate with

two, three or four pins. In 3-pin mode, SSx is not used.

In 2-pin mode, neither SDOx nor SSx is used.

Figure 18-1 illustrates the block diagram of the SPIx
module in Standard and Enhanced modes.

© 2011-2013 Microchip Technology Inc.
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REGISTER 18-2: SPIXCON1: SPIx CONTROL REGISTER 1 (CONTINUED)

bit 4-2 SPRE<2:0>: Secondary Prescale bits (Master mode)®)

111 = Secondary prescale 1:1
110 = Secondary prescale 2:1

000 = Secondary prescale 8:1
bit 1-0 PPRE<1:0>: Primary Prescale bits (Master mode)®

11 = Primary prescale 1:1
10 = Primary prescale 4:1
01 = Primary prescale 16:1
00 = Primary prescale 64:1

Note 1: The CKE bitis not used in Framed SPI modes. Program this bit to ‘0’ for Framed SPI modes (FRMEN = 1).
2. This bit must be cleared when FRMEN = 1.
3: Do not set both primary and secondary prescalers to the value of 1:1.

© 2011-2013 Microchip Technology Inc. DS70000657H-page 271



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

21.2 Modes of Operation

The ECAN module can operate in one of several
operation modes selected by the user. These modes
include:

* Initialization mode

+ Disable mode

» Normal Operation mode

* Listen Only mode

« Listen All Messages mode

* Loopback mode

Modes are requested by setting the REQOP<2:0> bits
(CxCTRL1<10:8>). Entry into a mode is Acknowledged
by monitoring the OPMODE<2:0> bits (CxCTRL1<7:5>).
The module does not change the mode and the
OPMODEX bits until a change in mode is acceptable,
generally during bus Idle time, which is defined as at least
11 consecutive recessive bits.

21.3 ECAN 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

21.3.1 KEY RESOURCES

+ “Enhanced Controller Area Network (ECAN™)”
(DS70353) in the “dsPIC33/PIC24 Family
Reference Manual”

+ Code Samples
 Application Notes
» Software Libraries
* Webinars

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

* Development Tools

© 2011-2013 Microchip Technology Inc.
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REGISTER 21-17: CxRXFnEID: ECANx ACCEPTANCE FILTER n EXTENDED IDENTIFIER

REGISTER (n = 0-15)

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
EID15 EID14 ‘ EID13 | EID12 EID11 EID10 EID9 EID8

bit 15 bit 8
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO

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

EID<15:0>: Extended Identifier bits

1 = Message address bit, EIDx, must be ‘1’ to match filter
0 = Message address bit, EIDx, must be ‘0’ to match filter

REGISTER 21-18: CxFMSKSEL1: ECANX FILTER 7-0 MASK SELECTION REGISTER 1

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
F7MSK<1:0> F6MSK<1:0> F5MSK<1:0> F4AMSK<1:0>
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
F3MSK<1:0> F2MSK<1:0> F1MSK<1:0> FOMSK<1:0>
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 15-14

bit 13-12
bit 11-10
bit 9-8
bit 7-6
bit 5-4
bit 3-2
bit 1-0

F7MSK<1:0>: Mask Source for Filter 7 bits

11 = Reserved

10 = Acceptance Mask 2 registers contain mask
01 = Acceptance Mask 1 registers contain mask
00 = Acceptance Mask 0 registers contain mask

F6MSK<1:0>: Mask Source for Filter 6 bits (same values as bits<15:14>
F5MSK<1:0>: Mask Source for Filter 5 bits
FAMSK<1:0>: Mask Source for Filter 4 bits
F3MSK<1:0>: Mask Source for Filter 3 bits
F2MSK<1:0>: Mask Source for Filter 2 bits
F1MSK<1:0>: Mask Source for Filter 1 bits
FOMSK<1:0>: Mask Source for Filter O bits

same values as bits<15:14>
same values as bits<15:14>

same values as bits<15:14>

)
)
)
same values as bits<15:14>)
)
same values as bits<15:14>)

)

_~ o~ o~~~ o~

same values as bits<15:14>
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REGISTER 21-26: CxTRmnCON: ECANx TX/RX BUFFER mn CONTROL REGISTER
(m=0,2,4,6;n=135,7)

R/W-0 R-0 R-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0
TXENn | TXABTn | TXLARBn | TXERRn | TXREQn | RTRENn | TXnPRI1 | TXnPRIO

bit 15 bit 8
R/W-0 R-0 R-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0
TXENm TXABTM® | TXLARBmM® | TXERRm@ | TXREQm RTRENm TXmPRI1 TXmPRIO

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 15-8 See Definition for bits<7:0>, Controls Buffer n

bit 7 TXENmM: TX/RX Buffer Selection bit

1 = Buffer TRBn is a transmit buffer

0 = Buffer TRBn is a receive buffer
bit 6 TXABTm: Message Aborted bit(})

1 = Message was aborted

0 = Message completed transmission successfully
bit 5 TXLARBmM: Message Lost Arbitration bit()

1 = Message lost arbitration while being sent

0 = Message did not lose arbitration while being sent
bit 4 TXERRm: Error Detected During Transmission bit™)

1 = A bus error occurred while the message was being sent
0 = A bus error did not occur while the message was being sent

bit 3 TXREQm: Message Send Request bit
1 = Requests that a message be sent; the bit automatically clears when the message is successfully
sent
0 = Clearing the bit to ‘0’ while set requests a message abort
bit 2 RTRENmM: Auto-Remote Transmit Enable bit

1 = When a remote transmit is received, TXREQ will be set

0 = When a remote transmit is received, TXREQ will be unaffected
bit 1-0 TXmPRI<1:0>: Message Transmission Priority bits

11 = Highest message priority

10 = High intermediate message priority

01 = Low intermediate message priority

00 = Lowest message priority

Note 1: This bit is cleared when TXREQ is set.

Note:  The buffers, SID, EID, DLC, Data Field, and Receive Status registers are located in DMA RAM. I
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23.2 ADC Helpful Tips

1.

The SMPIx control bits in the AD1CON2 register:

a) Determine when the ADC interrupt flag is
set and an interrupt is generated, if
enabled.

b) When the CSCNA bit in the AD1CON2 reg-
isters is set to ‘1’, this determines when the
ADC analog scan channel list, defined in
the AD1CSSL/AD1CSSH registers, starts
over from the beginning.

c) When the DMA peripheral is not used
(ADDMAEN = 0), this determines when the
ADC Result Buffer Pointer to ADC1BUFO-
ADC1BUFF gets reset back to the
beginning at ADC1BUFO.

d) When the DMA peripheral is used
(ADDMAEN = 1), this determines when the
DMA Address Pointer is incremented after a
sample/conversion operation. ADC1BUFOQ is
the only ADC buffer used in this mode. The
ADC Result Buffer Pointer to ADC1BUFO-
ADC1BUFF gets reset back to the beginning
at ADC1BUF0. The DMA address is
incremented after completion of every 32nd
sample/conversion operation. Conversion
results are stored in the ADC1BUFO register
for transfer to RAM using DMA.

When the DMA module is disabled

(ADDMAEN = 0), the ADC has 16 result buffers.

ADC conversion results are stored sequentially

in ADC1BUF0-ADC1BUFF, regardless of which

analog inputs are being used subject to the

SMPIx bits and the condition described in 1c)

above. There is no relationship between the

ANXx input being measured and which ADC

buffer (ADC1BUFO0-ADC1BUFF) that the

conversion results will be placed in.

When the DMA module is enabled
(ADDMAEN = 1), the ADC module has only
1 ADC result buffer (i.e., ADC1BUFOQ) per ADC
peripheral and the ADC conversion result must
be read, either by the CPU or DMA Controller,
before the next ADC conversion is complete to
avoid overwriting the previous value.

The DONE bit (AD1CON1<0>) is only cleared at
the start of each conversion and is set at the
completion of the conversion, but remains set
indefinitely, even through the next sample phase
until the next conversion begins. If application
code is monitoring the DONE bit in any kind of
software loop, the user must consider this behav-
ior because the CPU code execution is faster
than the ADC. As a result, in Manual Sample
mode, particularly where the user’s code is set-
ting the SAMP bit (AD1CON1<1>), the DONE bit
should also be cleared by the user application
just before setting the SAMP bit.

5. Enabling op amps, comparator inputs and exter-
nal voltage references can limit the availability of
analog inputs (ANx pins). For example, when Op
Amp 2 is enabled, the pins for ANO, AN1 and AN2
are used by the op amp’s inputs and output. This
negates the usefulness of Alternate Input mode
since the MUXA selections use ANO-AN2.
Carefully study the ADC block diagram to deter-
mine the configuration that will best suit your
application. Configuration examples are avail-
able in the “Analog-to-Digital Converter
(ADC)” (DS70621) section in the “dsPIC33/
PIC24 Family Reference Manual”.

23.3 ADC 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

23.3.1 KEY RESOURCES

* “Analog-to-Digital Converter (ADC)"
(DS70621) 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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FIGURE 24-1: PTG BLOCK DIAGRAM
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Note 1: This is a dedicated Watchdog Timer for the PTG module and is independent of the device Watchdog Timer.
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30.1 DC Characteristics

TABLE 30-1: OPERATING MIPS VS. VOLTAGE

Maximum MIPS
Characteristic Voo Ralnge Temp Range dsPIC33EPXXXGP50X,
(in Volts) (in °C) dsPIC33EPXXXMC20X/50X and
PIC24EPXXXGP/MC20X
— 3.0V to 3.6V -40°C to +85°C 70
— 3.0V to 3.6V -40°C to +125°C 60

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

TABLE 30-2: THERMAL OPERATING CONDITIONS

Rating Symbol | Min. Typ. Max. Unit
Industrial Temperature Devices
Operating Junction Temperature Range TJ -40 — +125 °C
Operating Ambient Temperature Range TA -40 — +85 °C
Extended Temperature Devices
Operating Junction Temperature Range TJ -40 — +140 °C
Operating Ambient Temperature Range TA -40 — +125 °C

Power Dissipation:
Internal chip power dissipation:
PINT =VDD X| DD —ZX IOH) PD PINT + PI/O w
1/0 Pin Power Dissipation:
I/O=% (V) DDV OHP O©OH)+ZX (VoL A OL)

Maximum Allowed Power Dissipation PDMAX (Ty = TA)/BJA w

TABLE 30-3: THERMAL PACKAGING CHARACTERISTICS

Characteristic Symbol | Typ. Max. Unit Notes
Package Thermal Resistance, 64-Pin QFN 0JA 28.0 — °C/IW 1
Package Thermal Resistance, 64-Pin TQFP 10x10 mm 0JA 48.3 — °C/W 1
Package Thermal Resistance, 48-Pin UQFN 6x6 mm 6JA 41 — °C/W 1
Package Thermal Resistance, 44-Pin QFN 0JA 29.0 — °C/IW 1
Package Thermal Resistance, 44-Pin TQFP 10x10 mm 0JA 49.8 — °C/W 1
Package Thermal Resistance, 44-Pin VTLA 6x6 mm 0JA 25.2 — °C/W 1
Package Thermal Resistance, 36-Pin VTLA 5x5 mm 0JA 28.5 — °C/IW 1
Package Thermal Resistance, 28-Pin QFN-S 6JA 30.0 — °C/W 1
Package Thermal Resistance, 28-Pin SSOP 6JA 71.0 — °C/W 1
Package Thermal Resistance, 28-Pin SOIC 0JA 69.7 — °C/IW 1
Package Thermal Resistance, 28-Pin SPDIP 6JA 60.0 — °C/W 1

Note 1. Junction to ambient thermal resistance, Theta-JA (8JA) numbers are achieved by package simulations.
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FIGURE 30-18: SPI2 SLAVE MODE (FULL-DUPLEX, CKE =1, CKP =0, SMP =0)
TIMING CHARACTERISTICS
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SS2 —\, f
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Note: Refer to Figure 30-1 for load conditions.
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TABLE 30-54: OP AMP/COMPARATOR VOLTAGE REFERENCE SETTLING TIME SPECIFICATIONS

AC CHARACTERISTICS (unless otherwise stated)

Standard Operating Conditions (see Note 2): 3.0V to 3.6V

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

Param. | Symbol Characteristic Min. Typ. Max. Units Conditions
VR310 |TSsET Settling Time — 1 10 pus | (Note 1)
Note 1: Settling time is measured while CVRR = 1 and CVR<3:0> bits transition from ‘0000’ to ‘1111".

2:

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

TABLE 30-55: OP AMP/COMPARATOR VOLTAGE REFERENCE SPECIFICATIONS

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

DC CHARACTERISTICS Operating temperature  -40°C < TA < +85°C for Industrial

-40°C < TA < +125°C for Extended
Pilrgm Symbol Characteristics Min. Typ. Max. Units Conditions

VRD310 |CVRES | Resolution CVRSRC/24 — CVRsRC/32 | LSb

VRD311 |CVRAA | Absolute Accuracy® — +25 — mV |CVRSRC = 3.3V

VRD313 |CVRSRC |Input Reference Voltage 0 — AVDD + 0.3 \Y,

VRD314 | CVRouT | Buffer Output — 1.5k — Q

Resistance®
Note 1: Device is functional at VBORMIN < VDD < VDDMIN, but will have degraded performance. Device functionality

is tested, but not characterized. Analog modules (ADC, op amp/comparator and comparator voltage
reference) may have degraded performance. Refer to Parameter BO10 in Table 30-13 for the minimum
and maximum BOR values.

Parameter is characterized but not tested in manufacturing.
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31.0 HIGH-TEMPERATURE ELECTRICAL CHARACTERISTICS

This section provides an overview of dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X and PIC24EPXXXGP/
MC20X electrical characteristics for devices operating in an ambient temperature range of -40°C to +150°C.

The specifications between -40°C to +150°C are identical to those shown in Section 30.0 “Electrical Characteristics”
for operation between -40°C to +125°C, with the exception of the parameters listed in this section.

Parameters in this section begin with an H, which denotes High temperature. For example, Parameter DC10 in
Section 30.0 “Electrical Characteristics” is the Industrial and Extended temperature equivalent of HDC10.

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

Absolute Maximum Ratings®

Ambient temperature under IS ..ottt ettt e ettt eeeeean -40°C to +150°C
1ol = o [N (=Y g o T=Y = (U] = OSSPSR -65°C to +160°C
Voltage on VDD With reSPECT 10 VSS ..o e -0.3V to +4.0V
Voltage on any pin that is not 5V tolerant with respect to VSS®) e -0.3V to (VDD + 0.3V)
Voltage on any 5V tolerant pin with respect to Vss when VDD < B.OVE) e, -0.3V to 3.6V
Voltage on any 5V tolerant pin with respect to Vss when VDD > BOVE) e -0.3V to 5.5V
Maximum CUITENE OUL OF WSS PN ...eeiiiiiiiii et e e e ettt e e e e e ettt b e e e e e sasbaeaeessebsneeeeeennrenas 60 mA
Maximum current into VDD pin(4) ............................................................................................................................. 60 mA
Maximum JUNCHON tEMPEIALUIE........coo ettt e e e e e et e e e st e e e etee e e saeeeenseeeenseeeennneeesnneeenn +155°C
Maximum current sourced/sunk by @ny 4X 1/O PiN .........oooiiiiiiiiii e 10 mA
Maximum current sourced/sunk by @any 8X I/O PN .......c.cooiiiiiiiiiiii e 15 mA
Maximum current sunk by all pOrts COMDINEA...........ooiiiiiiii e 70 mA
Maximum current sourced by all ports COMBINEAM™) ... 70 mA

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

2: AEC-Q100 reliability testing for devices intended to operate at +150°C is 1,000 hours. Any design in which
the total operating time from +125°C to +150°C will be greater than 1,000 hours is not warranted without
prior written approval from Microchip Technology Inc.

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

4: Maximum allowable current is a function of device maximum power dissipation (see Table 31-2).
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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

/V\ ~~— a4X
(S]
2
—— L | ———
(L1)
4X B
| —
VIEW C
Units MILLIMETERS

Dimension Limits|  MIN | NOM | MAX
Number of Pins N 28
Pitch e 1.27 BSC
Overall Height A - - 2.65
Molded Package Thickness A2 2.05 - -
Standoff § A1 0.10 - 0.30
Overall Width E 10.30 BSC
Molded Package Width E1 7.50 BSC
Overall Length D 17.90 BSC
Chamfer (Optional) h 0.25 - 0.75
Foot Length L 0.40 - 1.27
Footprint L1 1.40 REF
Lead Angle €] 0° - -
Foot Angle % 0° - 8°
Lead Thickness c 0.18 - 0.33
Lead Width b 0.31 - 0.51
Mold Draft Angle Top a 5° - 15°
Mold Draft Angle Bottom B 5° - 15°

Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. § Significant Characteristic
3. Dimension D does not include mold flash, protrusions or gate burrs, which shall
not exceed 0.15 mm per end. Dimension E1 does not include interlead flash
or protrusion, which shall not exceed 0.25 mm per side.
4. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.
5. Datums A & B to be determined at Datum H.
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