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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Active

dsPIC

16-Bit

70 MIPs

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

32KB (10.7K x 24)

FLASH

2K x 16

3V ~ 3.6V

A/D 9x10b/12b

Internal

-40°C ~ 85°C (TA)

Surface Mount

44-TQFP

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

Pin Diagrams (Continued)

44-Pin QFN(:2:3)

Note 1:

to Vss externally.
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ves [ 16 dsPIC33EPXXXGP504 28]
PIC24EPXXXGP204
vear [ |7 27 ]
Rr42/RB10 [l 8 26 |
RP43/RB11 ] 9 25 |
rPi44/RB12 [ 10 24 |
RPI45/CTPLS/RB13 ] 11 23[ |
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AVss
AVDD
ANO/OA20UT/RAO

TDI/RA7

TDO/RA10
RPI46/T3CK/RB14

AN1/C2IN1+/RA1

RP147/T5CK/RB15
PGED3/VREF-/AN2/C2IN1-/SS1/RPI32/CTED2/RBO

PGEC3/VREF+/AN3/OA1OUT/RPI33/CTED1/RB1

Il = Pins are up to 5V tolerant

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

Vss

VDD
ANB8/C3IN1+/U1RTS/BCLK1/RC2
AN7/C3IN1-/C4IN1-/RCA1
ANG/OA30UT/C4IN1+/OCFB/RCO
PGED1/AN5/C1IN1-/RP35/RB3
PGEC1/AN4/C1IN1+/RPI34/RB2

The RPn/RPIn pins can be used by any remappable peripheral with some limitation. See Section 11.4

“Peripheral Pin Select (PPS)” for available peripherals and for information on limitations.

2:  Every I/O port pin (RAx-RGx) can be used as a Change Notification pin (CNAx-CNGx). See Section 11.0 “1/O
Ports” for more information.

3:  The metal pad at the bottom of the device is not connected to any pins and is recommended to be connected

4: There is an internal pull-up resistor connected to the TMS pin when the JTAG interface is active. See the
JTAGEN bit field in Table 27-2.
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

3.5 Programmer’s Model

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

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

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

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

TABLE 3-1:

PROGRAMMER’S MODEL REGISTER DESCRIPTIONS

Register(s) Name

Description

WO through W15

Working Register Array

ACCA, ACCB 40-Bit DSP Accumulators

PC 23-Bit Program Counter

SR ALU and DSP Engine STATUS Register

SPLIM Stack Pointer Limit Value Register

TBLPAG Table Memory Page Address Register

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

DCOUNT® DO Loop Count Register

DOSTARTH®2 DOSTARTL(:2)

DO Loop Start Address Register (High and Low)

DOENDH®, DOENDL®)

DOLoop End Address Register (High and Low)

CORCON

Contains DSP Engine, DO Loop Control and Trap Status bits

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

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

FIGURE 4-13: DATA MEMORY MAP FOR PIC24EP64GP/MC20X/50X DEVICES

MSB LSB
Address 16 Bits Address
- -
MSB LSB
™ 0x0001 f 0x0000 —
4-Kbyte SFR Space
SFR Space | OxOFFE | OxOFFE
—  0x1001 | 0x1000 8-Kbyte
| Near
X Data RAM (X) Data Space
|
8-Kbyte Ox1FFF | Ox1FFE |
SRAM Space ox2001 [ — — — — — ] 0x2000
|
|
|
. Ox2FFF | O0x2FFE
0x3001 | 0x3000
|
|
|
|
|
0x8001 | — — — — — |l— — — — — 1 0x8000 )
|
X Data
Unimplemented (X)
| Optionally
| Mapped
| into Program
Memory Space
| (PSV)
|
|
OxFFFF | OxFFFE
| —

Note:  Memory areas are not shown to scale.
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4.4 Special Function Register Maps

TABLE 4-1: CPU CORE REGISTER MAP FOR dsPIC33EPXXXMC20X/50X AND dsPIC33EPXXXGP50X DEVICES ONLY
File Name | Addr. | Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Reiltlets

w0 0000 WO (WREG) XXXX
W1 0002 W1 XXXX
W2 0004 W2 XXXX
W3 0006 W3 XXXX
w4 0008 W4 XXXX
W5 000A W5 XXXX
Wé 0ooC W6 XXXX
W7 000E W7 XXXX
W8 0010 w8 XXXX
W9 0012 W9 XXXX
W10 0014 W10 XXXX
W11 0016 W11 XXXX
w12 0018 W12 XXXX
W13 001A W13 XXXX
w14 001C W14 XXXX
W15 001E W15 XXXX
SPLIM 0020 SPLIM 0000
ACCAL 0022 ACCAL 0000
ACCAH 0024 ACCAH 0000
ACCAU 0026 Sign Extension of ACCA<39> | ACCAU 0000
ACCBL 0028 ACCBL 0000
ACCBH 002A ACCBH 0000
ACCBU 002C Sign Extension of ACCB<39> | ACCBU 0000
PCL 002E PCL<15:0> — 0000
PCH 003 | — — — — — — — [ =1 = PCH<6:0> 0000
DSRPAG 0032 — — — — — — DSRPAG<9:0> 0001
DSWPAG 0034 — — — — — — — | DSWPAG<8:0> 0001
RCOUNT 0036 RCOUNT<15:0> 0000
DCOUNT 0038 DCOUNT<15:0> 0000
DOSTARTL | 003A DOSTARTL<15:1> — 0000
posTARTH|oo3c | — | — | — | — | — | — | — | — | — — DOSTARTH<5:0> 0000
DOENDL 003E DOENDL<15:1> — 0000
DOENDH [oo40 | — | — | — | — | — | — | — | — | — — DOENDH<5:0> 0000
Legend: x =unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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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.

X0ZOW/dOXXXdAYZIIld ANV X0S/X0ZONXXXJIEEDIASP "XOSdOXXXJIEEDIASP



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

REGISTER 7-1:  SR: CPU STATUS REGISTER®

R/W-0 R/W-0 R/W-0 R/W-0 R/C-0 R/C-0 R-0 R/W-0
OA OB SA SB OAB SAB DA DC
bit 15 bit 8
R/W-0() R/W-0() R/W-00) R-0 R/W-0 R/W-0 R/W-0 R/W-0
IPL<2:0>(2) RA N oV z C
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 7-5 IPL<2:0>: CPU Interrupt Priority Level Status bits(%-%)

111 = CPU Interrupt Priority Level is 7 (15); user interrupts are disabled
110 = CPU Interrupt Priority Level is 6 (14)

101 = CPU Interrupt Priority Level is 5 (13)
100 = CPU Interrupt Priority Level is 4 (12)
011 = CPU Interrupt Priority Level is 3 (11)
010 = CPU Interrupt Priority Level is 2 (10)
001 = CPU Interrupt Priority Level is 1 (9)
000 = CPU Interrupt Priority Level is 0 (8)

Note 1. For complete register details, see Register 3-1.
2:  The IPL<2:0> bits are concatenated with the IPL<3> bit (CORCON<3>) to form the CPU Interrupt Priority
Level. The value in parentheses indicates the IPL, if IPL<3> = 1. User interrupts are disabled when
IPL<3> = 1.
3:  The IPL<2:0> Status bits are read-only when the NSTDIS bit (INTCON1<15>) = 1.

DS70000657H-page 132 © 2011-2013 Microchip Technology Inc.



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

REGISTER 9-2: CLKDIV: CLOCK DIVISOR REGISTER

R/W-0 R/W-0 R/W-1 R/W-1 R/W-0 R/W-0 R/W-0 R/W-0
ROI poze2® | poze1® | pozeo® | DOZENGZ3 | FRCDIV2 FRCDIV1 FRCDIVO
bit 15 bit 8
R/W-0 R/W-1 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PLLPOST1 PLLPOSTO — PLLPRE4 | PLLPRE3 PLLPRE2 PLLPRE1 PLLPREO
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 ROI: Recover on Interrupt bit

1 = Interrupts will clear the DOZEN bit

0 = Interrupts have no effect on the DOZEN bit
bit 14-12 DOZE<2:0>: Processor Clock Reduction Select bits!)

111 = Fcy divided by 128

110 = Fcy divided by 64

101 = Fcy divided by 32

100 = Fcy divided by 16

011 = Fcy divided by 8 (default)

010 = Fcy divided by 4

001 = Fcy divided by 2

000 = Fcy divided by 1

bit 11 DOZEN: Doze Mode Enable bit(3)

1 = DOZE<2:0> field specifies the ratio between the peripheral clocks and the processor clocks
0 = Processor clock and peripheral clock ratio is forced to 1:1
bit 10-8 FRCDIV<2:0>: Internal Fast RC Oscillator Postscaler bits
111 = FRC divided by 256
110 = FRC divided by 64
101 = FRC divided by 32
100 = FRC divided by 16
011 = FRC divided by 8
010 = FRC divided by 4
001 = FRC divided by 2
000 = FRC divided by 1 (default)
bit 7-6 PLLPOST<1:0>: PLL VCO Output Divider Select bits (also denoted as ‘N2’, PLL postscaler)
11 = Qutput divided by 8
10 = Reserved
01 = Output divided by 4 (default)
00 = Output divided by 2
bit 5 Unimplemented: Read as ‘0’

Note 1: The DOZE<2:0> bits can only be written to when the DOZEN bit is clear. If DOZEN =1, any writes to
DOZE<2:0> are ignored.
2. This bit is cleared when the ROI bit is set and an interrupt occurs.
3: The DOZEN bit cannot be set if DOZE<2:0> = 000. If DOZE<2:0> = 000, any attempt by user software to
set the DOZEN bit is ignored.
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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.

DS70000657H-page 164
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

FIGURE 16-1: HIGH-SPEED PWMx MODULE ARCHITECTURAL OVERVIEW
Data Bus + Xl SYNeh
FOSC ——p Master Time Base

—— — | SYNCO1
Synchronization Signal

PWM1 Interrupt(®)
< > PWM1H

PWM
Generator 1

< PWM1L

and Dead-Time Compensation

A

? Fault, Current-Limit

Synchronization Signal
PWM2 Interrupt(l)
CPU | —1 < PWM2H
PWM
Generator 2
1 <] PWM2L
Fault, Current-Limit
and Dead-Time Compensation
—eg
Synchronization Signal
PWM3 Interrupt™® — <] PWM3H
- PWM
Generator 3
S B PWM3L
Primary Trigger >|XI
<< A Fault, Current-Limit and
Dead-Time Compensation
ADC Module | Primary Special Z| FLT1-FLT4, FLT32
Event Trigger
-t

—— <] DTCMP1-DTCMP3

Note 1: The PWM interrupts are generated by logically ORing the FLTSTAT, CLSTAT and TRGSTAT status bits for the
given PWM generator. Refer to the “dsPIC33/P1C24 Family Reference Manual”, “High-Speed PWM”
(DS70645) for more information.
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

16.3 PWMx Control Registers
REGISTER 16-1: PTCON: PWMx TIME BASE CONTROL REGISTER

R/W-0 u-0 R/W-0 HS/HC-0 R/W-0 R/W-0 R/W-0 R/W-0
PTEN — PTSIDL SESTAT SEIEN EIPUD | sYNCPOL® | SYNCOEN®
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
SYNCEN® | sYNCSRC2W | SYNCSRC1® | sYNCSRCO® | SEVTPS3W | SEVTPS2(M | SEVTPS1® | SEVTPSOW
bit 7 bit 0
Legend: HC = Hardware Clearable bit HS = Hardware Settable bit
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15 PTEN: PWMx Module Enable bit

1 = PWMx module is enabled
0 = PWMx module is disabled
bit 14 Unimplemented: Read as ‘0’
bit 13 PTSIDL: PWMx Time Base Stop in Idle Mode bit
1 = PWMx time base halts in CPU Idle mode
0 = PWMx time base runs in CPU Idle mode
bit 12 SESTAT: Special Event Interrupt Status bit
1 = Special event interrupt is pending
0 = Special event interrupt is not pending
bit 11 SEIEN: Special Event Interrupt Enable bit
1 = Special event interrupt is enabled
0 = Special event interrupt is disabled
bit 10 EIPU: Enable Immediate Period Updates bit(®)
1 = Active Period register is updated immediately
0 = Active Period register updates occur on PWMXx cycle boundaries
bit 9 SYNCPOL: Synchronize Input and Output Polarity bit()
1 = SYNCI1/SYNCO1 polarity is inverted (active-low)
0 = SYNCI1/SYNCO1 is active-high
bit 8 SYNCOEN: Primary Time Base Sync Enable bit(})
1 = SYNCO1 output is enabled
0 = SYNCO1 output is disabled
bit 7 SYNCEN: External Time Base Synchronization Enable bit(H)

1 = External synchronization of primary time base is enabled
0 = External synchronization of primary time base is disabled

Note 1: These bits should be changed only when PTEN = 0. In addition, when using the SYNCI1 feature, the user
application must program the period register with a value that is slightly larger than the expected period of
the external synchronization input signal.

2: See Section 24.0 “Peripheral Trigger Generator (PTG) Module” for information on this selection.

DS70000657H-page 230 © 2011-2013 Microchip Technology Inc.



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

REGISTER 21-20: CxRXMnSID: ECANx ACCEPTANCE FILTER MASK n STANDARD IDENTIFIER

REGISTER (n = 0-2)

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
SID10 SID9 ‘ SID8 | SID7 SID6 SID5 SID4 SID3

bit 15 bit 8
R/W-x R/W-x R/W-x U-0 R/W-x u-0 R/W-x R/W-x
SID2 SID1 SIDO — MIDE — EID17 EID16

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

1 = Matches only message types (standard or extended address) that correspond to EXIDE bit in the filter
0 = Matches either standard or extended address message fif filters match (i.e., if (Filter SID) = (Message

bit 15-5 SID<10:0>: Standard Identifier bits

1 = Includes bit, SIDx, in filter comparison

0 = SIDx bit is a don’t care in filter comparison
bit 4 Unimplemented: Read as ‘0’
bit 3 MIDE: Identifier Receive Mode bit

SID) or if (Filter SID/EID) = (Message SID/EID))

bit 2 Unimplemented: Read as ‘0’
bit 1-0 EID<17:16>: Extended Identifier bits

1 = Includes bit, EIDx, in filter comparison

0 = EIDx bit is a don’t care in filter comparison

REGISTER 21-21: CxRXMnEID: ECANx ACCEPTANCE FILTER MASK n EXTENDED IDENTIFIER

REGISTER (n = 0-2)

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 = Includes bit, EIDx, in filter comparison

0 = EIDx bit is a don’t care in filter comparison
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REGISTER 25-6: CMxFLTR: COMPARATOR x FILTER CONTROL REGISTER

u-0

u-0 u-0 u-0 u-0 u-0 u-0 u-0

bit 15

bit 8

u-0

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

CFSEL2 CFSEL1 CFSELO CFLTREN CFDIV2 CFDIV1 CFDIVO

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 15-7
bit 6-4

bit 3

bit 2-0

Note 1:

Unimplemented: Read as ‘0’
CFSEL<2:0>: Comparator Filter Input Clock Select bits
111 = T5CLK®D

110 = T4CLK®

101 = T3CLK®D

100 = T2CLK®)

011 = Reserved

010 = SYNCO1®)

001 = Fosc®

000 = Fp®)

CFLTREN: Comparator Filter Enable bit

1 = Digital filter is enabled
0 = Digital filter is disabled
CFDIV<2:0>: Comparator Filter Clock Divide Select bits
111 = Clock Divide 1:128
110 = Clock Divide 1:64
101 = Clock Divide 1:32
100 = Clock Divide 1:16
011 = Clock Divide 1:8
010 = Clock Divide 1:4
001 = Clock Divide 1:2
000 = Clock Divide 1:1

See the Type C Timer Block Diagram (Figure 13-2).

See the Type B Timer Block Diagram (Figure 13-1).

See the High-Speed PWMx Module Register Interconnection Diagram (Figure 16-2).
See the Oscillator System Diagram (Figure 9-1).
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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 27-2: CONFIGURATION BITS DESCRIPTION
Bit Field Description

GCP General Segment Code-Protect bit
1 = User program memory is not code-protected
0 = Code protection is enabled for the entire program memory space

GWRP General Segment Write-Protect bit
1 = User program memory is not write-protected
0 = User program memory is write-protected

IESO Two-Speed Oscillator Start-up Enable bit

1 = Start up device with FRC, then automatically switch to the user-selected oscillator
source when ready

0 = Start up device with user-selected oscillator source

PWMLOCK®) PWM Lock Enable bit
1 = Certain PWM registers may only be written after a key sequence
0 = PWM registers may be written without a key sequence

FNOSC<2:0> Oscillator Selection bits

111 = Fast RC Oscillator with Divide-by-N (FRCDIVN)

110 = Fast RC Oscillator with Divide-by-16 (FRCDIV16)

101 = Low-Power RC Oscillator (LPRC)

100 = Reserved; do not use

011 = Primary Oscillator with PLL module (XT + PLL, HS + PLL, EC + PLL)
010 = Primary Oscillator (XT, HS, EC)

001 = Fast RC Oscillator with Divide-by-N with PLL module (FRCPLL)

000 = Fast RC Oscillator (FRC)

FCKSM<1:0> Clock Switching Mode bits

1x = Clock switching is disabled, Fail-Safe Clock Monitor is disabled
01 = Clock switching is enabled, Fail-Safe Clock Monitor is disabled
00 = Clock switching is enabled, Fail-Safe Clock Monitor is enabled

IOL1WAY Peripheral Pin Select Configuration bit
1 = Allow only one reconfiguration
0 = Allow multiple reconfigurations

OSCIOFNC OSC2 Pin Function bit (except in XT and HS modes)
1 = OSC2 is the clock output
0 = OSC2 is a general purpose digital I/O pin

POSCMD<1:0> Primary Oscillator Mode Select bits
11 = Primary Oscillator is disabled
10 = HS Crystal Oscillator mode
01 = XT Crystal Oscillator mode
00 = EC (External Clock) mode

FWDTEN Watchdog Timer Enable bit

1 = Watchdog Timer is always enabled (LPRC oscillator cannot be disabled. Clearing the
SWDTEN bit in the RCON register will have no effect.)

0 = Watchdog Timer is enabled/disabled by user software (LPRC can be disabled by clearing
the SWDTEN bit in the RCON register)

WINDIS Watchdog Timer Window Enable bit
1 = Watchdog Timer in Non-Window mode
0 = Watchdog Timer in Window mode

PLLKEN PLL Lock Enable bit
1 =PLL lock is enabled
0 = PLL lock is disabled

Note 1: This bit is only available on dsPIC33EPXXXMC20X/50X and PIC24EPXXXMC20X devices.
2:  When JTAGEN = 1, an internal pull-up resistor is enabled on the TMS pin. Erased devices default to
JTAGEN = 1. Applications requiring I/O pins in a high-impedance state (tri-state) in Reset should use pins
other than TMS for this purpose.
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TABLE 28-2: INSTRUCTION SET OVERVIEW
st | posemy pssembly syax wonts | cymen| e e
1 ADD ADD Acc® Add Accumulators 1 1 OA,OB,SA,SB
ADD f f=f+WREG 1 1 C,DC,N,0V,Z
ADD f, WREG WREG = f + WREG 1 1 C,DC,N,0V,Z
ADD #it10, Wh Wd = 1it10 + Wd 1 1 C,DC,N,0V,Z
ADD W, V&, Wi Wd =Wb + Ws 1 1 C,DC,N,0V,Z
ADD W, #lit5 W Wd = Wb + Iit5 1 1 C,DC,N,0V,Z
ADD Wso, #Sl i t 4, Acc 16-bit Signed Add to Accumulator 1 1 OA,0B,SA,SB
2 ADDC ADDC f f=f+WREG + (C) 1 1 C,DC,N,0V,Z
ADDC f, WREG WREG = f + WREG + (C) 1 1 C,DC,N,0V,Z
ADDC #it10, Wh Wd = 1it10 + Wd + (C) 1 1 C,DC,N,0V,Z
ADDC W, W&, Wi Wd =Wb + Ws + (C) 1 1 C,DC,N,0Vv,Z
ADDC W, #lit5 W Wd = Wb + Iit5 + (C) 1 1 C,DC,N,0V,Z
3 AND AND f f=f.AND. WREG 1 1 N,Z
AND f, WREG WREG = f AND. WREG 1 1 N,Z
AND #it10, Wh Wd =1it10 .AND. Wd 1 1 N,Z
AND W, V&, Wi Wd = Wb .AND. Ws 1 1 N.Z
AND W, #lit5 W Wd = Wb .AND. lit5 1 1 N,Z
4 ASR ASR f f = Arithmetic Right Shift f 1 1 CN,0v,Zz
ASR f, WREG WREG = Arithmetic Right Shift f 1 1 CN,0v,Zz
ASR W, Wi Wd = Arithmetic Right Shift Ws 1 1 CN,0v,Zz
ASR W, Was, Wrd Wnd = Arithmetic Right Shift Wb by Wns 1 1 N,Z
ASR W, #1it5, Wd Wnd = Arithmetic Right Shift Wb by lit5 1 1 N.Z
5 BCLR BCLR f,#bit4 Bit Clear f 1 1 None
BCLR W, #bit 4 Bit Clear Ws 1 1 None
6 BRA BRA C, Expr Branch if Carry 1 1(4) None
BRA GE, Expr Branch if greater than or equal 1 1(4) None
BRA GEU, Expr Branch if unsigned greater than or equal 1 1(4) None
BRA GT, Expr Branch if greater than 1 1(4) None
BRA GTU, Expr Branch if unsigned greater than 1 1(4) None
BRA LE, Expr Branch if less than or equal 1 1(4) None
BRA LEU, Expr Branch if unsigned less than or equal 1 1(4) None
BRA LT, Expr Branch if less than 1 1(4) None
BRA LTU, Expr Branch if unsigned less than 1 1(4) None
BRA N, Expr Branch if Negative 1 1(4) None
BRA NC, Expr Branch if Not Carry 1 1(4) None
BRA NN, Expr Branch if Not Negative 1 1(4) None
BRA NOV, Expr Branch if Not Overflow 1 1(4) None
BRA NZ, Expr Branch if Not Zero 1 1(4) None
BRA QA, Expr @ Branch if Accumulator A overflow 1 1(4) None
BRA OB, Expr @ Branch if Accumulator B overflow 1 1(4) None
BRA v, Expr @ Branch if Overflow 1 1(4) None
BRA SA, Expr @ Branch if Accumulator A saturated 1 1(4) None
BRA SB, Expr @ Branch if Accumulator B saturated 1 1(4) None
BRA Expr Branch Unconditionally 1 4 None
BRA Z, Expr Branch if Zero 1 1(4) None
BRA Wh Computed Branch 1 4 None
7 BSET BSET f,#bit4 Bit Set f 1 1 None
BSET W, #bi t 4 Bit Set Ws 1 1 None
8 BSW BSW C Ve, Wb Write C bit to Ws<Wb> 1 1 None
BSW z Ve, Wb Write Z bit to Ws<Wb> 1 1 None
Note 1: These instructions are available in dsPIC33EPXXXMC20X/50X and PIC24EPXXXMC20X devices only.

2:

Read and Read-Modify-Write (e.g., bit operations and logical operations) on non-CPU SFRs incur an additional instruction cycle.
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TABLE 30-24: 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 30-26: SPI1 SLAVE MODE (FULL-DUPLEX, CKE =1, CKP =0, SMP =0)
TIMING CHARACTERISTICS

T\ SPeo S
SS1 N « ! /L
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) e
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| : : : e e
Lo SP70 j ; SP73  SP72
SCK1 C\! :
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SDO1 41: ' MSb X Bit14--£?—--1 - LSb
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" SP41
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Note: Refer to Figure 30-1 for load conditions.
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32.0 DC AND AC DEVICE CHARACTERISTICS GRAPHS

Note:  The graphs provided following this note are a statistical summary based on a limited number of samples and are provided for design guidance purposes
only. The performance characteristics listed herein are not tested or guaranteed. In some graphs, the data presented may be outside the specified operating
range (e.g., outside specified power supply range) and therefore, outside the warranted range.
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64-Lead Plastic Thin Quad Flatpack (PT) 10x10x1 mm Body, 2.00 mm Footprint [TQFP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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RECOMMENDED LAND PATTERN
Units MILLIMETERS
Dimension Limits]  MIN [ NOM | MAX
Contact Pitch E 0.50 BSC
Contact Pad Spacing C1 11.40
Contact Pad Spacing C2 11.40
Contact Pad Width (X64) X1 0.30
Contact Pad Length (X64) Y1 1.50
Distance Between Pads G 0.20

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing No. C04-2085B
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