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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

60 MIPs

CANbus, I2C, IrDA, LINbus, QEI, SPI, UART/USART
Brown-out Detect/Reset, DMA, Motor Control PWM, POR, PWM, WDT
21

32KB (10.7K x 24)

FLASH

2K x 16

3V ~ 3.6V

A/D 6x10b/12b

Internal

-40°C ~ 125°C (TA)

Through Hole

28-DIP (0.300", 7.62mm)

28-SPDIP

https://www.e-xfl.com/product-detail/microchip-technology/dspic33ep32mc502-e-sp

Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong



https://www.e-xfl.com/product/pdf/dspic33ep32mc502-e-sp-4436089
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers

dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

FIGURE 4-16: DATA MEMORY MAP FOR PIC24EP512GP/MC20X/50X DEVICES
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Note:  Memory areas are not shown to scale.

© 2011-2013 Microchip Technology Inc. DS70000657H-page 61



99 abed-H,590000.Sa

"ou| ABojouyos ] diyoosdlN €1.02-110Z @

TABLE 4-3: INTERRUPT CONTROLLER REGISTER MAP FOR PIC24EPXXXGP20X DEVICES ONLY

er'ﬁe Addr.| Bit15 | Bit14 | Bit13 | Bit12 | Bit1l | Bit10 | Bit9 | Bits | Bit7 Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Re’;'éts
IFSO 0800| — | DMATIF | AD1IF | UITXIF | UTRXIF | SPHIF | SPHEIF| T3IF | T2F | OC2IF | IC2F | DMAOIF | TIIF OC1IF IC1F | INTOIF | 0000
IFS1 0802 | U2TXIF | U2RXIF | INT2IF | TsIF T4IF | OC4IF | OC3F |DMA2F| — _ _ INTIIF | CNIF CMIF MI2C1IF | SI2C1IF | 0000
IFS2 0804 | — _ — _ — _ _ _ _ IC4IF IC3F | DMA3IF — _ SPI2IF | SPI2EIF | 0000
IFS3 0806 | — _ — _ — _ _ _ _ _ _ _ — MI2C2IF | SI2C2IF — [ o000
IFS4 0808 | — — Jemmur| — — _ _ _ _ _ _ _ CRCIF | UZ2EF UIEIF — | o000
IFS8 0810 | JTAGIF | ICDIF — _ — _ _ _ _ _ _ _ — _ _ — | o000
IFS9 0812 — _ — _ — _ _ _ _ PTG3IF | PTG2F | PTG1IF | PTGOIF |PTGWDTIF|PTGSTEPIF| — | 0000
IECO 0820 — | DMANIE | AD1E | UITXIE | UTRXIE | SPHIE |SPHEIE| T3IE | T2E | OC2IE | IC2E | DMAOIE | TIIE OCIIE ICTIE | INTOIE | 0000
IEC 0822 | U2TXIE | U2RXIE | INT2IE | TS5IE TAE | OC4E | OC3E |DMA2E| — _ _ INTIIE | CNIE CMIE MI2C1IE | SI2C1IE | 0000
IEC2 0824 | — _ — _ — _ _ _ _ IC4IE IC3E | DMA3IE — _ SPI2IE | SPI2EIE | 0000
IEC3 0826 | — _ — _ — _ _ _ _ _ _ _ — MI2C2IE | SI2C2IE — [ o000
IEC4 0828 | — — Jemue| — — _ _ _ _ _ _ _ CRCIE | UZ2EE UTEIE — | o000
IEC8 0830 | JTAGIE | ICDIE — _ — _ _ _ _ _ _ _ — _ _ — | o000
IECO 0832 — _ — _ — _ _ _ — | pre3E | PTG2E | PTGIE | PTGOE |PTGWDTIE|PTGSTEPE] — | 0000
IPCO 0840 | — T1IP<2:0> — 0C1IP<2:0> _ IC1IP<2:0> — INTOIP<2:0> 4444
IPC1 0842 | — T2IP<2:0> — 0C2IP<2:0> _ IC21P<2:0> — DMAOIP<2:0> 4444
IPC2 0844 | — UIRXIP<2:0> — SPI1IP<2:0> _ SPHEIP<2:0> — T3IP<2:0> 4444
IPC3 0846 | — — | = 1T = — DMA1IP<2:0> _ AD1IP<2:0> _ UITXIP<2:0> 0444
IPC4 os4s| — CNIP<2:0> — CMIP<2:0> _ MI2C1IP<2:0> — SI2C1IP<2:0> 4444
IPC5 084A| — — | = 1T = _ — [ -1 - —_ —_ —_ —_ _ INT1IP<2:0> 0004
IPC6 osac| — T4IP<2:0> — 0C4IP<2:0> _ 0C3IP<2:0> — DMA2IP<2:0> 4444
IPC7 084E| — U2TXIP<2:0> — U2RXIP<2:0> _ INT21P<2:0> — T51P<2:0> 4444
IPC8 0850 | — —_ _ —_ _ — [ -1 - —_ SPI2IP<2:0> _ SPI2EIP<2:0> 0044
IPC9 0852 | — _ — _ — IC4IP<2:0> _ IC3IP<2:0> — DMA3IP<2:0> 0444
IPC12 | 0858 | — _ — _ — MI2C2IP<2:0> _ SI2C2IP<2:0> — _ _ — [ o440
IPC16 | 0860 | — CRCIP<2:0> — U2EIP<2:0> _ U1EIP<2:0> — _ —_ — | 4440
IPC19 | 0866 | — —_ _ —_ _ — [ -1 - — CTMUIP<2:0> _ _ — — | o040
IPC35 | 0886 | — JTAGIP<2:0> — ICDIP<2:0> _ _ _ _ — _ _ — [ 4400
IPC36 | 0888 | — PTGOIP<2:0> — PTGWDTIP<2:0> _ PTGSTEPIP<2:0> — _ _ — [ 4440
IPC37 | 088A| — _ — _ — PTG3IP<2:0> _ PTG2IP<2:0> — PTG1IP<2:0> 0444
INTCON1 | 08C0 | NSTDIS | OVAERR | OVBERR | — — _ _ _ — | DIVOERR | DMACERR [ MATHERR | ADDRERR| STKERR | OSCFAL | — | 0000
INTCON2 | 08c2| GIE DISI |SWTRAP| — — _ _ _ _ _ _ _ — INT2EP | INTIEP | INTOEP | 8000
INTCON3 |08Ca | — _ — _ — _ _ _ _ _ DAE | DOOVR — _ _ — [ o000
INTCON4 |08C6 | — _ — _ — _ _ _ _ _ _ _ — _ _ SGHT | 0000
INTTREG | 08C8| — _ — _ ILR<3:0> VECNUM<7:0> 0000

X0ZOW/dOXXXdAPZIId ANV X0S/X0ZINXXXJIAEEDIASP "XOSdOXXXdIEEDIASP

Legend: — =unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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TABLE 4-14: PWM GENERATOR 2 REGISTER MAP FOR dsPIC33EPXXXMC20X/50X AND PIC24EPXXXMC20X DEVICES ONLY

File Name | Addr. | Bit15 | Bit14 | Bit13 | Bit12 | Bit1l | Bit10 Bit9 Bit 8 Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 Bit 1 BitO Ré”ets
PWMCON2 | 0C40 | FLTSTAT | CLSTAT | TRGSTAT | FLTIEN | CLIEN | TRGIEN | ITB MDCS DTC<1:0> DTCP| — |MTBS| CAM | XPRES IUE | 0000
IOCON2 | 0ca2 | PENH PENL | POLH | POLL PMOD<1:0> OVRENH | OVRENL | OVRDAT<1:0> | FLTDAT<1:0> | CLDAT<1:0> | SWAP | OSYNC | C000
FCLCON2 | 0c44 —_ CLSRC<4:0> CLPOL | cLMoD FLTSRC<4:0> FLTPOL|  FLTMOD<1:0> 00F8
PDC2 0C46 PDC2<15:0> 0000
PHASE2 | 0C48 PHASE2<15:0> 0000
DTR2 0C4A —_ _ DTR2<13:0> 0000
ALTDTR2 | 0C4C —_ _ ALTDTR2<13:0> 0000
TRIG2 0cs2 TRGCMP<15:0> 0000
TRGCON2 | 0C54 TRGDIV<3:0> _ _ _ _ —_ _ TRGSTRT<5:0> 0000
LEBCON2 | 0C5A| PHR PHF PLR PLF |FLTLEBEN|CLLEBEN| — _ —_ — [ Ber | BoL [BPHH| BPHL | BPLH [ BPLL [ 0000
LEBDLY2 | 0C5C —_ _ _ _ LEB<11:0> 0000
AUXCON2 | 0C5E —_ _ _ _ BLANKSEL<3:0> | — [ = ] CHOPSEL<3:0> | CHOPHEN] CHOPLEN| 0000
Legend: — =unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
TABLE 4-15: PWM GENERATOR 3 REGISTER MAP FOR dsPIC33EPXXXMC20X/50X AND PIC24EPXXXMC20X DEVICES ONLY

File Name | Addr. | Bit15 | Bit14 | Bit13 | Bit12 | Bit1l | Bit10 Bit 9 Bit8 Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 Bit 1 Bit 0 ReAS'étS
PWMCON3| 0C60 | FLTSTAT | CLSTAT | TRGSTAT | FLTIEN | CLIEN | TRGIEN | ITB MDCS DTC<1:0> DTCP| — |MTBS| cAM | XPRES IUE 0000
IOCON3 | 0c62| PENH | PENL | POLH | POLL PMOD<1:0> OVRENH | OVRENL | OVRDAT<1:0> | FLTDAT<1:0> | CLDAT<1:0> | SWAP | OSYNC | CDOO
FCLCON3 | 0C64 — CLSRC<4:0> CLPOL | CLMOD FLTSRC<4:0> FLTPOL FLTMOD<1:0> 00F8
PDC3 0C66 PDC3<15:0> 0000
PHASE3 | 0C68 PHASE3<15:0> 0000
DTR3 oceA| — — DTR3<13:0> 0000
ALTDTR3 |0C6C | — — ALTDTR3<13:0> 0000
TRIG3 0c72 TRGCMP<15:0> 0000
TRGCONS | 0C74 TRGDIV<3:0> — — — — — — TRGSTRT<5:0> 0000
LEBCON3 | 0C7A | PHR PHF PLR PLF |FLTLEBEN|CLLEBEN| — — — — | BcH | BeL |BPHH| BPHL | BPLH | BPLL | 0000
LEBDLY3 |oc7c| — — — — LEB<11:0> 0000
AUXCON3 | 0C7E | — — — — BLANKSEL<3:0> — [ =] CHOPSEL<3:0> | CHOPHEN | CHOPLEN | 0000
Legend: — =unimplemented, read as ‘0’. Reset values are shown in hexadecimal.

X0ZOW/dDXXXdAYZIld ANV X0S/X0ZOWXXXdIEEDIASP "XOSdOXXXJIEEDIASP



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
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

9.0 OSCILLATOR CONFIGURATION

Note 1: This data sheet summarizes the
features of the dsPIC33EPXXXGP50X,
dsPIC33EPXXXMC20X/50X and
PIC24EPXXXGP/MC20X families of
devices. It is not intended to be a compre-
hensive reference source. To complement
the information in this data sheet, refer to
“Oscillator” (DS70580) in the “dsPIC33/
PIC24 Family Reference Manual”, which is
available from the Microchip web site
(www.microchip.com).

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

and bit information.

The dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/
50X and PIC24EPXXXGP/MC20X oscillator system
provides:

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

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

* Doze mode for system power savings

» Fail-Safe Clock Monitor (FSCM) that detects clock
failure and permits safe application recovery or
shutdown

» Configuration bits for clock source selection

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

FIGURE 9-1: OSCILLATOR SYSTEM DIAGRAM
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0b000 NOSC<2:0> FNOSC<2:0> FSCM

Note 1: See Figure 9-2 for PLL details.

2:  The term, FP, refers to the clock source for all peripherals, while FCY refers to the clock source for the CPU.
Throughout this document, FCY and FP are used interchangeably, except in the case of Doze mode. FP and Fcy
will be different when Doze mode is used with a doze ratio of 1:2 or lower.

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

REGISTER 10-3: PMD3: PERIPHERAL MODULE DISABLE CONTROL REGISTER 3

uU-0 uU-0 uU-0 u-0 uU-0 R/W-0 u-0 u-0
— — — — — CMPMD — —
bit 15 bit 8
R/W-0 uU-0 uU-0 u-0 U-0 U-0 R/W-0 uU-0
CRCMD — — — — — 12C2MD —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared x = Bit is unknown
bit 15-11 Unimplemented: Read as ‘0’
bit 10 CMPMD: Comparator Module Disable bit
1 = Comparator module is disabled
0 = Comparator module is enabled
bit 9-8 Unimplemented: Read as ‘0’
bit 7 CRCMD: CRC Module Disable bit
1 = CRC module is disabled
0 = CRC module is enabled
bit 6-2 Unimplemented: Read as ‘0’
bit 1 I2C2MD: 12C2 Module Disable bit
1 =12C2 module is disabled
0 =12C2 module is enabled
bit 0 Unimplemented: Read as ‘0’
REGISTER 10-4:. PMD4: PERIPHERAL MODULE DISABLE CONTROL REGISTER 4
U-0 U-0 u-0 uU-0 uU-0 U-0 uU-0 u-0
bit 15 bit 8
U-0 uU-0 u-0 uU-0 R/W-0 R/W-0 uU-0 uU-0
— — — — REFOMD CTMUMD — —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-4 Unimplemented: Read as ‘0’
bit 3 REFOMD: Reference Clock Module Disable bit
1 = Reference clock module is disabled
0 = Reference clock module is enabled
bit 2 CTMUMD: CTMU Module Disable bit
1 = CTMU module is disabled
0 = CTMU module is enabled
bit 1-0 Unimplemented: Read as ‘0’

© 2011-2013 Microchip Technology Inc. DS70000657H-page 169



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

13.0 TIMER2/3 AND TIMERA4/5

Note 1: This data sheet summarizes the
features of the dsPIC33EPXXXGP50X,
dsPIC33EPXXXMC20X/50X and
PIC24EPXXXGP/MC20X  family  of
devices. It is not intended to be a
comprehensive reference source. To com-
plement the information in this data sheet,
refer to “Timers” (DS70362) of the
“dsPIC33/PIC24  Family = Reference
Manual”, which is available from the
Microchip web site (www.microchip.com).

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

The Timer2/3 and Timer4/5 modules are 32-bit timers,
which can also be configured as four independent
16-bit timers with selectable operating modes.

As 32-bit timers, Timer2/3 and Timer4/5 operate in
three modes:

» Two Independent 16-Bit Timers (e.g., Timer2 and
Timer3) with all 16-Bit Operating modes (except
Asynchronous Counter mode)

» Single 32-Bit Timer

 Single 32-Bit Synchronous Counter

They also support these features:

» Timer Gate Operation

+ Selectable Prescaler Settings

+ Timer Operation during Idle and Sleep modes

« Interrupt on a 32-Bit Period Register Match

» Time Base for Input Capture and Output Compare
Modules (Timer2 and Timer3 only)

* ADC1 Event Trigger (32-bit timer pairs, and
Timer3 and Timer5 only)

Individually, all four of the 16-bit timers can function as
synchronous timers or counters. They also offer the
features listed previously, except for the event trigger;
this is implemented only with Timer2/3. The operating
modes and enabled features are determined by setting
the appropriate bit(s) in the T2CON, T3CON, and
T4CON, T5CON registers. T2CON and T4CON are
shown in generic form in Register 13-1. T3CON and
T5CON are shown in Register 13-2.

For 32-bit timer/counter operation, Timer2 and Timer4
are the least significant word (Isw); Timer3 and Timer5
are the most significant word (msw) of the 32-bit timers.

Note:  For 32-bit operation, T3CON and T5CON
control bits are ignored. Only T2CON and
T4CON control bits are used for setup and
control. Timer2 and Timer4 clock and gate
inputs are utilized for the 32-bit timer
modules, but an interrupt is generated
with the Timer3 and Timer5 interrupt flags.

A block diagram for an example 32-bit timer pair (Tim-
er2/3 and Timer4/5) is shown in Figure 13-3.

Note:  Only Timer2, 3, 4 and 5 can trigger a DMA
data transfer.

© 2011-2013 Microchip Technology Inc.
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FIGURE 17-1: QEI BLOCK DIAGRAM
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Note 1: These registers map to the same memory location.
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

REGISTER 17-7: VEL1CNT: VELOCITY COUNTER 1 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
VELCNT<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
VELCNT<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 VELCNT<15:0>: Velocity Counter bits

REGISTER 17-8: INDX1CNTH: INDEX COUNTER 1 HIGH WORD REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
INDXCNT<31:24>
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
INDXCNT<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 15-0 INDXCNT<31:16>: High Word Used to Form 32-Bit Index Counter Register (INDX1CNT) bits

REGISTER 17-9: INDX1CNTL: INDEX COUNTER 1 LOW WORD REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
INDXCNT<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
INDXCNT<7:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15-0 INDXCNT<15:0>: Low Word Used to Form 32-Bit Index Counter Register (INDX1CNT) bits

© 2011-2013 Microchip Technology Inc. DS70000657H-page 259



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

REGISTER 17-13: QEI1LECH: QEI1 LESS THAN OR EQUAL COMPARE HIGH WORD REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
QEILEC<31:24>
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
QEILEC<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 15-0 QEILEC<31:16>: High Word Used to Form 32-Bit Less Than or Equal Compare Register (QEI1LEC) bits

REGISTER 17-14: QEI1LECL: QEI1 LESS THAN OR EQUAL COMPARE LOW WORD REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
QEILEC<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
QEILEC<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 QEILEC<15:0>: Low Word Used to Form 32-Bit Less Than or Equal Compare Register (QEI1LEC) bits
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21.4 ECAN Control Registers

REGISTER 21-1:

CxCTRL1: ECANx CONTROL REGISTER 1

u-0 U-0 R/W-0 R/W-0 R/W-0 R/W-1 R/W-0 R/W-0
— — CSIDL ABAT CANCKS REQOP2 REQOP1 REQOPO
bit 15 bit 8
R-1 R-0 R-0 u-0 R/W-0 u-0 U-0 R/W-0
OPMODE2 | OPMODE1 | OPMODEO — CANCAP — — WIN
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

bit 12

bit 11

bit 10-8

bit 7-5

bit 4
bit 3

bit 2-1
bit 0

Unimplemented: Read as ‘0’
CSIDL: ECANXx Stop in Idle Mode bit

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

ABAT: Abort All Pending Transmissions bit

1 = Signals all transmit buffers to abort transmission
0 = Module will clear this bit when all transmissions are aborted

CANCKS: ECANx Module Clock (FCAN) Source Select bit

1 =FcANis equalto2* Fp
0 = FcaN is equal to FP

REQOP<2:0>: Request Operation Mode bits

111 = Set Listen All Messages mode

110 = Reserved

101 = Reserved

100 = Set Configuration mode

011 = Set Listen Only mode

010 = Set Loopback mode

001 = Set Disable mode

000 = Set Normal Operation mode
OPMODE<2:0>: Operation Mode bits

111 = Module is in Listen All Messages mode
110 = Reserved

101 = Reserved

100 = Module is in Configuration mode

011 = Module is in Listen Only mode

010 = Module is in Loopback mode

001 = Module is in Disable mode

000 = Module is in Normal Operation mode
Unimplemented: Read as ‘0’

CANCAP: CAN Message Receive Timer Capture Event Enable bit
1 = Enables input capture based on CAN message receive
0 = Disables CAN capture

Unimplemented: Read as ‘0’

WIN: SFR Map Window Select bit

1 = Uses filter window
0 = Uses buffer window
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BUFFER 21-7: ECAN™ MESSAGE BUFFER WORD 6

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
Byte 7
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
Byte 6

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 15-8 Byte 7<15:8>: ECAN Message Byte 7 bits
bit 7-0 Byte 6<7:0>: ECAN Message Byte 6 bits
BUFFER 21-8: ECAN™ MESSAGE BUFFER WORD 7

u-0 U-0 u-0 R/W-x R/W-x R/W-x R/W-x R/W-x

— — — FILHIT4® | FILHIT3® | FILHIT2® | FILHIT1® | FILHITOW
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 15-13 Unimplemented: Read as ‘0’
bit 12-8 FILHIT<4:0>: Filter Hit Code bits™®

Encodes number of filter that resulted in writing this buffer.

bit 7-0 Unimplemented: Read as ‘0’

Note 1: Only written by module for receive buffers, unused for transmit buffers.
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23.0 10-BIT/12-BIT
ANALOG-TO-DIGITAL
CONVERTER (ADC)

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
complement the information in this data
sheet, refer to “Analog-to-Digital
Converter (ADC)” (DS70621) in the
“dsPIC33/PIC24 Family Reference
Manual”, which is available from the
Microchip web site (www.microchip.com).

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

The dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/
50X and PIC24EPXXXGP/MC20X devices have one
ADC module. The ADC module supports up to
16 analog input channels.

On ADC1, the AD12B bit (AD1CON1<10>) allows the
ADC module to be configured by the user as either a
10-bit, 4 Sample-and-Hold (S&H) ADC (default
configuration) or a 12-bit, 1 S&H ADC.

Note: The ADC module needs to be disabledI

before modifying the AD12B bit.

23.1 Key Features

23.1.1 10-BIT ADC CONFIGURATION

The 10-bit ADC configuration has the following key

features:

» Successive Approximation (SAR) conversion

» Conversion speeds of up to 1.1 Msps

* Up to 16 analog input pins

» Connections to three internal op amps

» Connections to the Charge Time Measurement Unit
(CTMU) and temperature measurement diode

» Channel selection and triggering can be controlled
by the Peripheral Trigger Generator (PTG)

» External voltage reference input pins
» Simultaneous sampling of:
- Up to four analog input pins
- Three op amp outputs
- Combinations of analog inputs and op amp
outputs
» Automatic Channel Scan mode
» Selectable conversion Trigger source
» Selectable Buffer Fill modes
» Four result alignment options (signed/unsigned,
fractional/integer)
» Operation during CPU Sleep and Idle modes

23.1.2 12-BIT ADC CONFIGURATION

The 12-bit ADC configuration supports all the features
listed above, with the exception of the following:

* In the 12-bit configuration, conversion speeds of
up to 500 ksps are supported

» There is only one S&H amplifier in the 12-bit
configuration; therefore, simultaneous sampling
of multiple channels is not supported.

Depending on the particular device pinout, the ADC
can have up to 16 analog input pins, designated ANO
through AN15. These analog inputs are shared with
op amp inputs and outputs, comparator inputs, and
external voltage references. When op amp/comparator
functionality is enabled, or an external voltage refer-
ence is used, the analog input that shares that pin is no
longer available. The actual number of analog input
pins, op amps and external voltage reference input
configuration depends on the specific device.

A block diagram of the ADC module is shown in
Figure 23-1. Figure 23-2 provides a diagram of the
ADC conversion clock period.
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FIGURE 25-2: COMPARATOR MODULE BLOCK DIAGRAM (MODULE 4)

\r CCH<1:0> (CM4CON<1:0>)
OA1/AN3 — 3|01
OA2/ANO — 3| 10

OA3/ANG6 —{ 11

C4IN1- X~ 00 VIN-
L - Blanking Digital —F& C40UT
— CMP4 Function > Filter

i - i _ Trigger
C4IN1+ X’» 1 ﬂ + (see Figure 25-4) (see Figure 25-5) ——» Output
CVREFIN —3» 0
/L CREF (CMxCON<4>)
FIGURE 25-3: OP AMP/COMPARATOR VOLTAGE REFERENCE BLOCK DIAGRAM
VREFSEL
CVRSS =10 (CVRCON<10>)
VRer+ D—+—o B CVRSRC CVRCON<3:0> +
M L ETIT)
1
AV CVRSS =0 8R 5600 ™
CVREFIN
R | :
CVREN
RZ
RZ
RE X o
T R = " N
° Steps< I E : E : 0—*: >—|g CVREF10
i Z - F_ ,
R § CVR10E
RS (CVRCON<6>)
RE /
CVRR | | 8R AVDD
CVRer20?
Avss [X] M

AVss
CVR20E

(CVRCON<14>)

Note 1: In order to operate with CVRSS = 1, at least one of the comparator modules must be enabled.
2: This reference is (AVDD + AVSS)/2.
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29.11 Demonstration/Development
Boards, Evaluation Kits and
Starter Kits

A wide variety of demonstration, development and
evaluation boards for various PIC MCUs and dsPIC
DSCs allows quick application development on fully
functional systems. Most boards include prototyping
areas for adding custom circuitry and provide applica-
tion firmware and source code for examination and
modification.

The boards support a variety of features, including LEDs,
temperature sensors, switches, speakers, RS-232
interfaces, LCD displays, potentiometers and additional
EEPROM memory.

The demonstration and development boards can be
used in teaching environments, for prototyping custom
circuits and for learning about various microcontroller
applications.

In additon to the PICDEM™ and dsPICDEM™
demonstration/development board series of circuits,
Microchip has a line of evaluation kits and demonstra-
tion software for analog filter design, KEEL0Q® security
ICs, CAN, IrDA®, PowerSmart battery management,
SEEVAL® evaluation system, Sigma-Delta ADC, flow
rate sensing, plus many more.

Also available are starter kits that contain everything
needed to experience the specified device. This usually
includes a single application and debug capability, all
on one board.

Check the Microchip web page (www.microchip.com)
for the complete list of demonstration, development
and evaluation kits.

29.12 Third-Party Development Tools

Microchip also offers a great collection of tools from
third-party vendors. These tools are carefully selected
to offer good value and unique functionality.

» Device Programmers and Gang Programmers
from companies, such as SoftLog and CCS

» Software Tools from companies, such as Gimpel
and Trace Systems

* Protocol Analyzers from companies, such as
Saleae and Total Phase

» Demonstration Boards from companies, such as
MikroElektronika, Digilent® and Olimex

* Embedded Ethernet Solutions from companies,
such as EZ Web Lynx, WIZnet and IPLogika®
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TABLE 30-22: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER, POWER-UP TIMER
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
P;a\:sm Symbol Characteristic® Min. Typ.(z) Max. | Units Conditions
SY00 |Tpu Power-up Period — 400 600 | us
SY10 |TosT Oscillator Start-up Time — | 1024 Tosc| — — | Tosc = OSC1 period
SY12 | TwDT Watchdog Timer 0.81 0.98 1.22 | ms |WDTPRE =0,
Time-out Period WDTPOST<3:0> = 0000, using
LPRC tolerances indicated in F21
(see Table 30-20) at +85°C
3.26 3.91 488 | ms |WDTPRE=1,
WDTPOST<3:0> = 0000, using
LPRC tolerances indicated in F21
(see Table 30-20) at +85°C
SY13 |Tioz 1/0 High-Impedance 0.68 0.72 1.2 us
from MCLR Low or
Watchdog Timer Reset
SY20 |TMCLR MCLR Pulse Width (low)| 2 — — us
SY30 |TBOR BOR Pulse Width (low) 1 — — us
SY35 |TrscMm Fail-Safe Clock Monitor — 500 900 | us |[-40°Cto +85°C
Delay
SY36 |TVREG Voltage Regulator — — 30 us
Standby-to-Active mode
Transition Time
SY37 |ToscDFRC |FRC Oscillator Start-up 46 48 54 us
Delay
SY38 |ToscbLPrC |LPRC Oscillator Start-up | — — 70 us
Delay

Note 1: These parameters are characterized but not tested in manufacturing.
2: Data in “Typical” column is at 3.3V, +25°C unless otherwise stated.
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FIGURE 30-17: SPI12 MASTER MODE (FULL-DUPLEX, CKE =0, CKP = x, SMP =1)

TIMING CHARACTERISTICS

SCK2 ' / '
(CKP = 1) . A /e

- . « g
SDO2 ﬂ&r 'MSb >< Bit14-;;----1 K LSb

SDI2

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

'
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!
—»' -— —! -
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SP30, SP31 SP30 SP31

=1 LSb In

Bit 14 -

. SP40 .SP41.
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TABLE 30-36: SPI2 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() Min. Typ.(z) Max. Units Conditions
SP10 FscP Maximum SCK2 Frequency — — 9 MHz |-40°C to +125°C
(Note 3)
SP20 TscF SCK2 OQutput Fall Time — — — ns See Parameter DO32
(Note 4)
SP21 TscR SCK2 Output Rise Time — — — ns See Parameter DO31
(Note 4)
SP30 TdoF SDO2 Data Output Fall Time — — — ns See Parameter DO32
(Note 4)
SP31 TdoR SDO2 Data Output Rise Time — — — ns See Parameter DO31
(Note 4)
SP35 TscH2doV, | SDO2 Data Output Valid after — 6 20 ns
TscL2doV | SCK2 Edge
SP36 TdoV2scH, | SDO2 Data Output Setup to 30 — — ns
TdoV2scL |First SCK2 Edge
SP40 TdiV2scH, | Setup Time of SDI2 Data 30 — — ns
TdiV2scL |Input to SCK2 Edge
SP41 TscH2diL, |Hold Time of SDI2 Data Input 30 — — ns
TscL2diL |to SCK2 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 SCK2 is 111 ns. The clock generated in Master mode must not violate this
specification.
4: Assumes 50 pF load on all SPI2 pins.
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FIGURE 30-19: SPI2 SLAVE MODE (FULL-DUPLEX, CKE =1, CKP =1, SMP =0)
TIMING CHARACTERISTICS
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Note: Refer to Figure 30-1 for load conditions.
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33.1 Package Marking Information (Continued)

36-Lead VTLA (TLA)

N

XXXXXXXXXX
XXXXXXXXXX
XXXXXXXXXX

YYWWNNN

44-Lead VTLA (TLA)

(N

XXXXXXXXXX
XXXXXXXXXX
XXXXXXXXXX

YYWWNNN

44-Lead TQFP

S

MICROCHIP

XXXXXXXXXX
XXXXXXXXXX
XXXXXXXXXX
O YYWWNNN

44-Lead QFN (8x8x0.9 mm)

(N

XXXXXXXXXXX
XXXXXXXXXXX
XXXXXXXXXXX

YYWWNNN

Example

N

33EP64GP
504-1/TLE3

1310017

Example

N
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Example

N
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33EP64GP
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