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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

PIC

16-Bit

60 MIPs

12C, IrDA, LINbus, SPI, UART/USART
Brown-out Detect/Reset, DMA, POR, PWM, WDT
53

128KB (43K x 24)

FLASH

8K x 16

3V ~ 3.6V

A/D 16x10b/12b

Internal

-40°C ~ 125°C (TA)

Surface Mount

64-TQFP

64-TQFP (10x10)
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

dsPIC33EPXXXGP50X,
dsPIC33EPXXXMC20X/50X AND
PIC24EPXXXGP/MC20X PRODUCT
FAMILIES

The device names, pin counts, memory sizes and
peripheral availability of each device are listed in
Table 1 (General Purpose Families) and Table 2 (Motor
Control Families). Their pinout diagrams appear on the
following pages.

TABLE 1: dsPIC33EPXXXGP50X and PIC24EPXXXGP20X GENERAL PURPOSE FAMILIES
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PIC24EP32GP202 512 | 32 | 4
PIC24EP64GP202 1024 | 64 | 8 SPDIP,
PIC24EP128GP202 1024|128 |16 | 56 | 4 | 4 | 2 | 2 | — | 3 | 2 1 6 230 Yes | Yes | 21 | 28 828:5@1)
PIC24EP256GP202 1024 | 256 | 32 QFN-s’
PIC24EP512GP202 1024 | 512 | 48
PIC24EP32GP203 512 | 32
54| 4| 2]|2]|—=|3]2 1 8 | 3/4 |Yes |Yes | 25 | 36 | VTLA
PIC24EP64GP203 1024 | 64
PIC24EP32GP204 512 | 32
PIC24EP64GP204 1024 | 64 | 8 VTLA®),
PIC24EP128GP204 1024 (12816 | 5 | 4 | 4 | 2 | 2 | —]| 3| 2 1 9 | 3/4 | Yes | Yes | 35 i‘g TQQFFI\IP'
PIC24EP256GP204 1024 | 256 | 32 UQEN
PIC24EP512GP204 1024 | 512 | 48
PIC24EP64GP206 1024 | 64 | 8
PIC24EP128GP206 1024 | 128 | 16 TQFP
5 4 4 2 2 — 3 2 1 16 | 3/4 | Yes | Yes | 53 | 64 ’
PIC24EP256GP206 1024 | 256 | 32 QFN
PIC24EP512GP206 1024 | 512 | 48
dsPIC33EP32GP502 | 512 | 32 | 4
dsPIC33EP64GP502 | 1024 | 64 | 8 SPDIP,
dsPIC33EP128GP502 [ 1024 | 128 | 16 | 5 | 4 | 4 | 2 | 2 1 3 | 2 1 6 [2/30] Yes | Yes | 21 | 28 828'&)
dsPIC33EP256GP502 | 1024 | 256 | 32 QFN-s’
dsPIC33EP512GP502 | 1024 | 512 | 48
dsPIC33EP32GP503 | 512 | 32
5| 4| 4|22 1 3 | 2 1 8 | 3/4 |Yes|Yes| 25 | 36 | VTLA
dsPIC33EP64GP503 | 1024 | 64
dsPIC33EP32GP504 | 512 | 32
dsPIC33EP64GP504 | 1024 | 64 | 8 VTLA®),
dsPIC33EP128GP504 1024 | 128 | 16 | 5 | 4 | 4 | 2 | 2 | 1| 3 | 2 | 1| 9 | 34 |Yes|Yes| 35 i‘g/ TQQFZP'
dsPIC33EP256GP504 | 1024 | 256 | 32 UQFN
dsPIC33EP512GP504 | 1024 | 512 | 48
dsPIC33EP64GP506 | 1024 | 64 | 8
dsPIC33EP128GP506 | 1024 | 128 | 16 TQFP
51 4|4 2] 2 1 3 | 2 1 | 16 | 3/4 | Yes | Yes | 53 | 64 '
dsPIC33EP256GP506 | 1024 | 256 | 32 QFN
dsPIC33EP512GP506 | 1024 | 512 | 48

Note 1: On 28-pin devices, Comparator 4 does not have external connections. Refer to Section 25.0 “Op Amp/Comparator Module” for details.
2: Only SPI2 is remappable.
3: INTO is not remappable.
4: The SSOP and VTLA packages are not available for devices with 512 Kbytes of memory.
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

REGISTER 3-2: CORCON: CORE CONTROL REGISTER

R/W-0 U-0 R/W-0 R/W-0 R/W-0 R-0 R-0 R-0
VAR — us1® uso® EDT(1:2) DL2W DL1® pLo®

bit 15 bit 8
R/W-0 R/W-0 R/W-1 R/W-0 R/C-0 R-0 R/W-0 R/W-0
SATAW SATBW SATDW®) | ACCSAT® | |PL3G) SFA RND®D IF®

bit 7 bit 0

Legend: C = 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 VAR: Variable Exception Processing Latency Control bit

1 = Variable exception processing latency is enabled
0 = Fixed exception processing latency is enabled

bit 14 Unimplemented: Read as ‘0’
bit 13-12 US<1:0>: DSP Multiply Unsigned/Signed Control bits()
11 = Reserved

10 = DSP engine multiplies are mixed-sign
01 = DSP engine multiplies are unsigned
00 = DSP engine multiplies are signed

bit 11 EDT: Early DOLoop Termination Control bit(12)
1 = Terminates executing DOloop at end of current loop iteration
0 = No effect

bit 10-8 DL<2:0>: DOLoop Nesting Level Status bits(?)

111 =7 DOloops are active

001 =1 DOloop is active
000 = 0 DOloops are active
bit 7 SATA: ACCA Saturation Enable bit(%)

1 = Accumulator A saturation is enabled
0 = Accumulator A saturation is disabled

bit 6 SATB: ACCB Saturation Enable bit®
1 = Accumulator B saturation is enabled
0 = Accumulator B saturation is disabled
bit 5 SATDW: Data Space Write from DSP Engine Saturation Enable bit(®)

1 = Data Space write saturation is enabled
0 = Data Space write saturation is disabled

bit 4 ACCSAT: Accumulator Saturation Mode Select bit(V)

1 = 9.31 saturation (super saturation)
0 = 1.31 saturation (normal saturation)

bit 3 IPL3: CPU Interrupt Priority Level Status bit 3¢)

1 = CPU Interrupt Priority Level is greater than 7
0 = CPU Interrupt Priority Level is 7 or less

Note 1: This bit is available on dsPIC33EPXXXMC20X/50X and dsPIC33EPXXXGP50X devices only.
2: This bit is always read as ‘0’.
3:  The IPL3 bit is concatenated with the IPL<2:0> bits (SR<7:5>) to form the CPU Interrupt Priority Level.
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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

FIGURE 8-2: DMA CONTROLLER BLOCK DIAGRAM
SRAM Peripheral Indirect Address
A DMA Controller ¢ DMA IRQ to DMA
Y <3 : DMA: Ready and Interrupt
— | Arbiter |<——pSE| Channels Peripheral 1 Controller
a8 [ Modules
0,1,2,3 CPU DMA
i DMA X-Bus T I
CPU Peripheral X-Bus +
CPU DMA CPU DMA
) Non-DMA DMA DMA
CPU Peripheral Ready Ready
Peripheral 2 Peripheral 3
IRQ to DMA and IRQ to DMA and
Interrupt Controller Interrupt Controller
Modules Modules
Note: CPU and DMA address buses are not shown for clarity.

8.1 DMA 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.

8.2 DMAC Registers

Each DMAC Channel x (where x = 0 through 3)
contains the following registers:

* 16-Bit DMA Channel Control register (DMAXCON)

» 16-Bit DMA Channel IRQ Select register (DMAXREQ)
» 32-Bit DMA RAM Primary Start Address register

Note: In the event you are not able to access the (DMAXSTA)
product page using the link above, enter « 32-Bit DMA RAM Secondary Start Address register
this URL in your browser: (DMAXSTB)
http://www.microchip.com/wwwproducts/ . ) .
Devices.aspx?dDocName=en555464 16-Bit DMA Peripheral Address register (DMAxXPAD)
* 14-Bit DMA Transfer Count register (DMAXCNT)
8.1.1 KEY RESOURCES Additional status registers (DMAPWC, DMARQC,

» Section 22. “Direct Memory Access (DMA)”
(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

DMAPPS, DMALCA and DSADR) are common to all
DMAC channels. These status registers provide infor-
mation on write and request collisions, as well as on
last address and channel access information.

The interrupt flags (DMAXIF) are located in an IFSx
register in the interrupt controller. The corresponding
interrupt enable control bits (DMAXIE) are located in
an IECx register in the interrupt controller, and the
corresponding interrupt priority control bits (DMAXIP)
are located in an IPCx register in the interrupt
controller.

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

REGISTER 8-5: DMAXSTBH: DMA CHANNEL x START ADDRESS REGISTER B (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
STB<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 STB<23:16>: Secondary Start Address bits (source or destination)

REGISTER 8-6: DMAXSTBL: DMA CHANNEL x START ADDRESS REGISTER B (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
STB<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
STB<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 STB<15:0>: Secondary Start Address bits (source or destination)

© 2011-2013 Microchip Technology Inc. DS70000657H-page 145



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

16.0 HIGH-SPEED PWM MODULE
(dsPIC33EPXXXMC20X/50X
AND PIC24EPXXXMC20X
DEVICES ONLY)

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 “High-Speed PWM” (DS70645)
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 dsPIC33EPXXXMC20X/50X and
PIC24EPXXXMC20X devices support a dedicated
Pulse-Width Modulation (PWM) module with up to
6 outputs.

The high-speed PWMx module consists of the
following major features:

» Three PWM generators

* Two PWM outputs per PWM generator

* Individual period and duty cycle for each PWM pair

» Duty cycle, dead time, phase shift and frequency
resolution of TcY/2 (7.14 ns at Fcy = 70MHz)

* Independent Fault and current-limit inputs for
six PWM outputs

¢ Redundant output

» Center-Aligned PWM mode

» Output override control

» Chop mode (also known as Gated mode)
» Special Event Trigger

» Prescaler for input clock

* PWMxL and PWMxH output pin swapping

* Independent PWM frequency, duty cycle and
phase-shift changes for each PWM generator

» Dead-time compensation

» Enhanced Leading-Edge Blanking (LEB)
functionality

» Frequency resolution enhancement
* PWM capture functionality

Note: In Edge-Aligned PWM mode, the duty
cycle, dead time, phase shift and
frequency resolution are 8.32 ns.

The high-speed PWMx module contains up to three
PWM generators. Each PWM generator provides two
PWM outputs: PWMxH and PWMxL. The master time
base generator provides a synchronous signal as a
common time base to synchronize the various PWM
outputs. The individual PWM outputs are available on
the output pins of the device. The input Fault signals
and current-limit signals, when enabled, can monitor
and protect the system by placing the PWM outputs
into a known “safe” state.

Each PWMx can generate a trigger to the ADC module
to sample the analog signal at a specific instance
during the PWM period. In addition, the high-speed
PWMx module also generates a Special Event Trigger
to the ADC module based on either of the two master
time bases.

The high-speed PWMx module can synchronize itself
with an external signal or can act as a synchronizing
source to any external device. The SYNCI1 input pin
that utilizes PPS, can synchronize the high-speed
PWMx module with an external signal. The SYNCO1
pin is an output pin that provides a synchronous signal
to an external device.

Figure 16-1 illustrates an architectural overview of the
high-speed PWMx module and its interconnection with
the CPU and other peripherals.

16.1 PWM Faults

The PWMx module incorporates multiple external Fault
inputs to include FLT1 and FLT2 which are re-
mappable using the PPS feature, FLT3 and FLT4 which
are available only on the larger 44-pin and 64-pin
packages, and FLT32 which has been implemented
with Class B safety features, and is available on a
fixed pin on all dsPIC33EPXXXMC20X/50X and
PIC24EPXXXMC20X devices.

These Faults provide a safe and reliable way to safely
shut down the PWM outputs when the Fault input is
asserted.

16.1.1 PWM FAULTS AT RESET

During any Reset event, the PWMx module maintains
ownership of the Class B Fault, FLT32. At Reset, this
Fault is enabled in Latched mode to ensure the fail-safe
power-up of the application. The application software
must clear the PWM Fault before enabling the high-
speed motor control PWMx module. To clear the Fault
condition, the FLT32 pin must first be pulled low
externally or the internal pull-down resistor in the
CNPDx register can be enabled.

Note:  The Fault mode may be changed using
the FLTMOD<1:0> bits (FCLCON<1:0>),
regardless of the state of FLT32.

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

REGISTER 17-3: QEI1STAT: QEI1 STATUS REGISTER (CONTINUED)

bit 2 HOMIEN: Home Input Event Interrupt Enable bit
1 = Interrupt is enabled
0 = Interrupt is disabled
bit 1 IDXIRQ: Status Flag for Index Event Status bit
1 = Index event has occurred
0 = No Index event has occurred
bit 0 IDXIEN: Index Input Event Interrupt Enable bit

1 = Interrupt is enabled
0 = Interrupt is disabled

Note 1: This status bit is only applicable to PIMOD<2:0> modes, ‘011’ and ‘100’.

© 2011-2013 Microchip Technology Inc. DS70000657H-page 257



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

REGISTER 18-3: SPIXCON2: SPIx CONTROL REGISTER 2

R/W-0 R/W-0 R/W-0 U-0 uU-0 uU-0 u-0 uU-0
FRMEN SPIFSD FRMPOL — — — — —
bit 15 bit 8
uU-0 uU-0 U-0 uU-0 U-0 u-0 R/W-0 R/W-0
— — — — — — FRMDLY SPIBEN
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 FRMEN: Framed SPIx Support bit

1 = Framed SPIx support is enabled (@ pin is used as Frame Sync pulse input/output)

0 = Framed SPIx support is disabled
bit 14 SPIFSD: Frame Sync Pulse Direction Control bit

1 = Frame Sync pulse input (slave)
0 = Frame Sync pulse output (master)

bit 13 FRMPOL: Frame Sync Pulse Polarity bit
1 = Frame Sync pulse is active-high
0 = Frame Sync pulse is active-low
bit 12-2 Unimplemented: Read as ‘0’
bit 1 FRMDLY: Frame Sync Pulse Edge Select bit
1 = Frame Sync pulse coincides with first bit clock
0 = Frame Sync pulse precedes first bit clock
bit 0 SPIBEN: Enhanced Buffer Enable bit

1 = Enhanced buffer is enabled
0 = Enhanced buffer is disabled (Standard mode)

DS70000657H-page 272
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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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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

REGISTER 23-2: AD1CON2: ADC1 CONTROL REGISTER 2 (CONTINUED)

bit 1 BUFM: Buffer Fill Mode Select bit
1 = Starts the buffer filling the first half of the buffer on the first interrupt and the second half of the
buffer on next interrupt
0 = Always starts filling the buffer from the start address.
bit 0 ALTS: Alternate Input Sample Mode Select bit
1 = Uses channel input selects for Sample MUXA on first sample and Sample MUXB on next sample
0 = Always uses channel input selects for Sample MUXA

DS70000657H-page 328 © 2011-2013 Microchip Technology Inc.



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

REGISTER 23-6: AD1CHSO0: ADC1 INPUT CHANNEL O SELECT REGISTER (CONTINUED)

bit 4-0 CHOSA<4:0>: Channel 0 Positive Input Select for Sample MUXA bits(1)

11111 = Open; use this selection with CTMU capacitive and time measurement

11110 = Channel 0 positive input is connected to the CTMU temperature measurement diode (CTMU TEMP)
11101 = Reserved

11100 = Reserved

11011 = Reserved

11010 = Channel 0 positive input is the output of OA3/AN6(2-3)

11001 = Channel 0 positive input is the output of OA2/ANO®

11000 = Channel 0 positive input is the output of OA1/AN3(

10110 = Reserved

10000 = Reserved

01111 = Channel 0 positive input is AN15(1:3)
01110 = Channel 0 positive input is AN14(1-3)
01101 = Channel 0 positive input is AN13(-3)

00010 = Channel 0 positive input is AN2(1:3)
00001 = Channel 0 positive input is AN1(1-3)
00000 = Channel 0 positive input is ANO(-3)

Note 1: ANO through AN7 are repurposed when comparator and op amp functionality is enabled. See Figure 23-1
to determine how enabling a particular op amp or comparator affects selection choices for Channels 1, 2
and 3.

2. The OAx input is used if the corresponding op amp is selected (OPMODE (CMxCON<10>) = 1);
otherwise, the ANx input is used.

3:  See the “Pin Diagrams” section for the available analog channels for each device.
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REGISTER 25-2: CMxCON: COMPARATOR x CONTROL REGISTER (x =1, 2 OR 3)

R/W-0 R/W-0 R/W-0 U-0 U-0 R/W-0 R/W-0 R/W-0
CON COE® CPOL — — | opmobE | ceEvr | cout

bit 15 bit 8
R/W-0 R/W-0 U-0 R/W-0 U-0 U-0 R/W-0 R/W-0

EVPOL1 EVPOLO — CREF( — — CCH1(® CCHo®

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 CON: Op Amp/Comparator Enable bit

1 = Op amp/comparator is enabled
0 = Op amp/comparator is disabled
bit 14 COE: Comparator Output Enable bit(®
1 = Comparator output is present on the CxOUT pin
0 = Comparator output is internal only
bit 13 CPOL: Comparator Output Polarity Select bit
1 = Comparator output is inverted
0 = Comparator output is not inverted
bit 12-11 Unimplemented: Read as ‘0’
bit 10 OPMODE: Op Amp/Comparator Operation Mode Select bit
1 = Circuit operates as an op amp
0 = Circuit operates as a comparator
bit 9 CEVT: Comparator Event bit

1 = Comparator event according to the EVPOL<1:0> settings occurred; disables future triggers and
interrupts until the bit is cleared

0 = Comparator event did not occur

bit 8 COUT: Comparator Output bit

When CPOL = 0 (non-inverted polarity):

1 = VIN+ > VIN-

0 = VIN+ < VIN-

When CPOL = 1 (inverted polarity):

1 = VIN+ < VIN-

0 = VIN+ > VIN-

Note 1. Inputs that are selected and not available will be tied to Vss. See the “Pin Diagrams” section for available
inputs for each package.

2:  This output is not available when OPMODE (CMxCON<10>) = 1.
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REGISTER 26-3: CRCXORH: CRC XOR POLYNOMIAL HIGH 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
X<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
X<23:16>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15-0 X<31:16>: XOR of Polynomial Term X" Enable bits

REGISTER 26-4: CRCXORL: CRC XOR POLYNOMIAL LOW 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
X<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 u-0
X<7:1> —

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-1 X<15:1>: XOR of Polynomial Term X" Enable bits

bit 0 Unimplemented: Read as ‘0’
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TABLE 27-1: CONFIGURATION BYTE REGISTER MAP

Device
N':a':rfe Address Mesrigzry Bits 238 | Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bt 0
(Kbytes)
Reserved | 0057EC 32
00AFEC 64
0157EC | 128 = = = = = = = = =
02AFEC | 256
0557EC | 512
Reserved | 0057EE 32
O0AFEE 64
0157EE | 128 — — — — — — — — —
02AFEE | 256
0557EE | 512
FICD 0057F0 32
00AFFO 64
0157F0 128 = Reserved® = JTAGEN | Reserved® | Reserved® = ICS<1:0>
02AFFO | 256
0557F0 | 512
FPOR 0057F2 32
00AFF2 64
0157F2 128 — WDTWIN<1:0> ALTI2C2 | ALTI2C1 |Reserved® — — —
02AFF2 | 256
0557F2 | 512
FWDT 0057F4 32
00AFF4 64
0157F4 128 = FWDTEN WINDIS PLLKEN | WDTPRE WDTPOST<3:0>
02AFF4 | 256
0557F4 | 512
FOSC 0057F6 32
00AFF6 64
0157F6 128 = FCKSM<1:0> IOL1WAY — — OSCIOFNC|  POSCMD<1:0>
02AFF6 | 256
0557F6 | 512
FOSCSEL | 0057F8 32
00AFF8 64
0157F8 128 — IESO PWMLOCK® — — — FNOSC<2:0>
02AFF8 | 256
0557F8 | 512
FGS 0057FA 32
00AFFA 64
0157FA | 128 — — — — — — — GCP GWRP
02AFFA | 256
0557FA | 512
Reserved | 0057FC 32
00AFFC 64
0157FC | 128 — — — — — — — — —
02AFFC | 256
0557FC | 512
Reserved | 057FFE 32
00AFFE 64
0157FE | 128 — — — — — — — — —
02AFFE | 256
0557FE | 512
Legend: — = unimplemented, read as ‘1’.

Note 1:  This bit is only available on dsPIC33EPXXXMC20X/50X and PIC24EPXXXMC20X devices.
2:  This bit is reserved and must be programmed as ‘0’.
3:  These bits are reserved and must be programmed as ‘1’.
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TABLE 30-7:

DC CHARACTERISTICS: IDLE CURRENT (IIDLE)

Standard Operating Conditions: 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
Parilrgeter Typ. Max. Units Conditions

Idle Current (libLE)®)
DC40d 3 8 mA -40°C
DC40a 3 8 mA +25°C

3.3V 10 MIPS
DC40b 3 8 mA +85°C
DC40c 3 8 mA +125°C
DC42d 6 12 mA -40°C
DC42a 6 12 mA +25°C

3.3V 20 MIPS
DC42b 6 12 mA +85°C
DC42c 6 12 mA +125°C
DC44d 11 18 mA -40°C
DC44a 1 18 mA +25°C

3.3V 40 MIPS
DC44b 1 18 mA +85°C
DC44c 11 18 mA +125°C
DC45d 17 27 mA -40°C
DC45a 17 27 mA +25°C

3.3V 60 MIPS
DC45b 17 27 mA +85°C
DC45¢c 17 27 mA +125°C
DC46d 20 35 mA -40°C
DC46a 20 35 mA +25°C 3.3V 70 MIPS
DC46b 20 35 mA +85°C

Note 1: Base Idle current (IIDLE) is measured as follows:

CPU core is off, oscillator is configured in EC mode and external clock is active; OSC1 is driven with
external square wave from rail-to-rail (EC clock overshoot/undershoot < 250 mV required)

CLKO is configured as an I/O input pin in the Configuration Word

All I/O pins are configured as inputs and pulled to Vss

MCLR = VDD, WDT and FSCM are disabled

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

The NVMSIDL bit (NVMCON<12>) = 1 (i.e., Flash regulator is set to standby while the device is in
Idle mode)

The VREGSF bit (RCON<11>) = 0 (i.e., Flash regulator is set to standby while the device is in Sleep
mode)

JTAG is disabled
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TABLE 30-24: TIMER2 AND TIMER4 (TYPE B TIMER) EXTERNAL CLOCK TIMING REQUIREMENTS

AC CHARACTERISTICS

Standard Operating Conditions: 3.0V to 3.6V
(unless otherwise stated)
-40°C < TA < +85°C for Industrial

-40°C < TA < +125°C for Extended

Operating temperature

Pzrgm Symbol Characteristic(?) Min. Typ. Max. Units Conditions
TB10 |TtxH TxCKHigh | Synchronous Greater of: — — ns | Must also meet
Time mode 20 or Parameter TB15,
(Tey + 20)/N N = prescale
value
(1, 8, 64, 256)
TB11 | TtxL TxCK Low | Synchronous Greater of: — — ns | Must also meet
Time mode 20 or Parameter TB15,
(Tcy + 20)/N N = prescale
value
(1, 8, 64, 256)
TB15 |TtxP TxCK Synchronous Greater of: — — ns |N = prescale
Input mode 40 or value
Period (2 Tcy + 40)/N (1, 8, 64, 256)
TB20 |TcKeEXTMRL | Delay from External TxCK | 0.75 Tcy + 40 — |1.75Tcy+40| ns
Clock Edge to Timer
Increment
Note 1: These parameters are characterized, but are not tested in manufacturing.

TABLE 30-25: TIMER3 AND TIMERS (TYPE C TIMER) EXTERNAL CLOCK TIMING REQUIREMENTS

AC CHARACTERISTICS

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

Standard Operating Conditions: 3.0V to 3.6V
(unless otherwise stated)
Operating temperature

Pzrgm Symbol Characteristictt) Min. Typ. Max. Units | Conditions
TC10 |TtxH TxCK High | Synchronous Tey + 20 — — ns |Must also meet
Time Parameter TC15
TC1M1 | TtxL TxCK Low | Synchronous Tcy + 20 — — ns | Must also meet
Time Parameter TC15
TC15 |TtxP TxCK Input | Synchronous, | 2 Tcy + 40 — — ns |N =prescale
Period with prescaler value
(1, 8, 64, 256)
TC20 |TcKEXTMRL |Delay from External TXxCK | 0.75Tcy+40 | — |[1.75Tcy+40| ns
Clock Edge to Timer
Increment
Note 1: These parameters are characterized, but are not tested in manufacturing.
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FIGURE 30-28: SPI1 SLAVE MODE (FULL-DUPLEX, CKE =0, CKP =1, SMP =0)
TIMING CHARACTERISTICS

SCK1 ' - '
(ckp m / S
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Note: Refer to Figure 30-1 for load conditions.
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64-Lead Plastic Quad Flat, No Lead Package (MR) — 9x9x0.9 mm Body
with 5.40 x 5.40 Exposed Pad [QFN]

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

Units MILLIMETERS

Dimension Limits|  MIN | NOM [ MAX
Number of Pins N 64
Pitch e 0.50 BSC
Overall Height A 0.80 0.90 1.00
Standoff A1 0.00 0.02 0.05
Contact Thickness A3 0.20 REF
Overall Width E 9.00 BSC
Exposed Pad Width E2 530 | 540 | 550
Overall Length D 9.00 BSC
Exposed Pad Length D2 5.30 5.40 5.50
Contact Width b 0.20 0.25 0.30
Contact Length L 0.30 0.40 0.50
Contact-to-Exposed Pad K 0.20 - -

Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Package is saw singulated.
3. 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.

Microchip Technology Drawing C04-154A Sheet 2 of 2
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Revision C (December 2011)

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

In addition, where applicable, new sections were added
to each peripheral chapter that provide information and
links to related resources, as well as helpful tips. For
examples, see Section 20.1 “UART Helpful Tips”
and Section 3.6 “CPU Resources”.

All occurrences of TLA were updated to VTLA
throughout the document, with the exception of the pin
diagrams (updated diagrams were not available at time
of publication).

A new chapter, Section 31.0 “DC and AC Device
Characteristics Graphs”, was added.

All other major changes are referenced by their
respective section in Table A-2.

TABLE A-2:

MAJOR SECTION UPDATES

Section Name

Update Description

“16-bit Microcontrollers
and Digital Signal
Controllers (up to
256-Kbyte Flash and
32-Kbyte SRAM) with High-
Speed PWM, Op amps, and
Advanced Analog”

The content on the first page of this section was extensively reworked to provide the
reader with the key features and functionality of this device family in an “at-a-glance”
format.

Section 1.0 “Device
Overview”

Updated the dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X, and
PIC24EPXXXGP/MC20X Block Diagram (see Figure 1-1), which now contains a CPU
block and a reference to the CPU diagram.

Updated the description and Note references in the Pinout I/0O Descriptions for these
pins: C1IN2-, C2IN2-, C3IN2-, OA10UT, OA20UT, and OA30UT (see Table 1-1).

Section 2.0 “Guidelines for
Getting Started with 16-bit
Digital Signal Controllers
and Microcontrollers”

Updated the Recommended Minimum Connection diagram (see Figure 2-1).

Section 3.0 “CPU”

Updated the dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X, and
PIC24EPXXXGP/MC20X CPU Block Diagram (see Figure 3-1).

Updated the Status register definition in the Programmer’s Model (see Figure 3-2).

Section 4.0 “Memory
Organization”

Updated the Data Memory Maps (see Figure 4-6 and Figure 4-11).

Removed the DCB<1:0> bits from the OC1CON2, OC2CON2, OC3CON2, and
OC4CON2 registers in the Output Compare 1 Through Output Compare 4 Register
Map (see Table 4-10).

Added the TRIG1 and TRGCON1 registers to the PWM Generator 1 Register Map
(see Table 4-13).

Added the TRIG2 and TRGCONZ2 registers to the PWM Generator 2 Register Map
(see Table 4-14).

Added the TRIG3 and TRGCONS registers to the PWM Generator 3 Register Map
(see Table 4-15).

Updated the second note in Section 4.7.1 “Bit-Reversed Addressing
Implementation”.

Section 8.0 “Direct Memory
Access (DMA)”

Updated the DMA Controller diagram (see Figure 8-1).

Section 14.0 “Input
Capture”

Updated the bit values for the ICx clock source of the ICTSEL<12:10> bits in the
ICxCONT1 register (see Register 14-1).

Section 15.0 “Output
Compare”

Updated the bit values for the OCx clock source of the OCTSEL<2:0> bits in the
OCxCONT1 register (see Register 15-1).

Removed the DCB<1:0> bits from the Output Compare x Control Register 2 (see
Register 15-2).
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Reset System........cccoviiiiiiiiiii
Shared Port Structure
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SPIX ModUIE......ccviiiiiiiee e 266
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Type C Timer (Timer3 and Timer5) .........ccccoeceeernnes 208
UARTX Module.........cooviiiiiiiiiiiiiecee e 281
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CTMU Current Source Requirements....................... 458
Doze Current (IDOZE).....c..cocuieiuieiiieniinieesieeens 407, 469
High Temperature............ccoooveiiiiiiniiee e 468
I/0 Pin Input Specifications...........ccooeecieiiiniinicens 408
I/O Pin Output Specifications.. ... 411,470
Idle Current (IIDLE) ......cuveviriiieieiieeeiieee e 405, 469
Op Amp/Comparator Requirements ..............ccccc..... 455
Op Amp/Comparator Voltage Reference
Requirements .........coccveeiiieiiiiiiiie e 457
Operating Current (IDD) ... 404, 469
Operating MIPS vs. Voltage ............cccceeeeeeene 402, 468
Power-Down Current (IPD)........cccoceevvneeenineennne 406, 469
Program Memory
Temperature and Voltage ..........cccoevevvvieniciieennecene. 468
Temperature and Voltage Specifications.................. 403
Thermal Operating Conditions............ccccccueicviennenne. 468
Watchdog Timer Delta Current...........cccocoeerieeneenne. 407
Demo/Development Boards, Evaluation and
Starter KitS ..o 400
Development SUPPOrt.........ccciiiiiiiieniiiieee s 397
Third-Party TOOIS ........cceviiiiiiie e 400
DMA Controller
Channel to Peripheral Associations...........c.ccccccue..... 140
Control Registers
DMAXCNT ..ot
DMAXCON......
DMAXPAD ..
DMAXREQ .. .
DMAXSTA ..ottt
DMAXSTB ..ottt
Resources .
Supported Peripherals............ccoceeoiiniiiiinieenee. 139
Doze MOde .......ccooiiiiiiii e 165
DSP ENGINE ..ooiiiiiie ittt 44

E
ECAN Message Buffers

DS70000657H-page 518

© 2011-2013 Microchip Technology Inc.



