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Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

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

Applications of "Embedded -
Microcontrollers"

Active

dsPIC

16-Bit

70 MIPs

12C, IrDA, LINbus, QEI, SPI, UART/USART
Brown-out Detect/Reset, DMA, Motor Control PWM, POR, PWM, WDT
25

64KB (22K x 24)

FLASH

4K x 16

3V ~ 3.6V

A/D 8x10b/12b

Internal

-40°C ~ 85°C (TA)

Surface Mount

36-VFTLA Exposed Pad

36-VTLA (5x5)
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

Pin Diagrams (Continued)

44-pin VTLA®2:3)

Note 1:

to Vss externally.
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PGED3/VREF-/AN2/C2IN1-/SS1/RPI32/CTED2/RB0

PGECB3/VREF+/AN3/OA1OUT/RPI33/CTED1/RB1

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 “I/O
Ports” for more information.

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

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.

Il = Pins are up to 5V tolerant

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

Vss

VDD
ANB8/C3IN1+/U1RTS/BCLK1/FLT3/RC2
AN7/C3IN1-/C4IN1-/RCA1
AN6/OA30UT/C4IN1+/OCFB/RCO
PGED1/AN5/C1IN1-/RP35/RB3
PGEC1/AN4/C1IN1+/RPI34/RB2
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

4.2.5 X AND Y DATA SPACES

The dsPIC33EPXXXMC20X/50X and
dsPIC33EPXXXGP50X core has two Data Spaces,
X and Y. These Data Spaces can be considered either
separate (for some DSP instructions) or as one unified
linear address range (for MCU instructions). The Data
Spaces are accessed using two Address Generation
Units (AGUs) and separate data paths. This feature
allows certain instructions to concurrently fetch two
words from RAM, thereby enabling efficient execution
of DSP algorithms, such as Finite Impulse Response
(FIR) filtering and Fast Fourier Transform (FFT).

The X Data Space is used by all instructions and
supports all addressing modes. X Data Space has
separate read and write data buses. The X read data
bus is the read data path for all instructions that view
Data Space as combined X and Y address space. It is
also the X data prefetch path for the dual operand DSP
instructions (MAC class).

The Y Data Space is used in concert with the X Data
Space by the MAC class of instructions (CLR, ED,
EDAC, MAC, MOVSAC, MPY, MPY. N and MSC) to provide
two concurrent data read paths.

Both the X and Y Data Spaces support Modulo
Addressing mode for all instructions, subject to
addressing mode restrictions. Bit-Reversed Addressing
mode is only supported for writes to X Data Space.
Modulo Addressing and Bit-Reversed Addressing are
not present in PIC24EPXXXGP/MC20X devices.

All data memory writes, including in DSP instructions,
view Data Space as combined X and Y address space.
The boundary between the X and Y Data Spaces is
device-dependent and is not user-programmable.

4.3 Memory 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

431 KEY RESOURCES

* “Program Memory” (DS70613) 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 62
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TABLE 4-59: PORTA REGISTER MAP FOR PIC24EPXXXGP/MC202 AND dsPIC33EPXXXGP/MC202/502 DEVICES ONLY
e |addr.| Bit1s | Bit14 | Bit1s | Bit12 | Bitll | Bitl0 | Bito | Bits | Bit7 | Bit6 | Bits | Bit4 | Bit3 | Bit2 | Bit1 | Bito | A

TRISA O0EO0 — — — — — — — — — — — TRISA4 | TRISA3 | TRISA2 | TRISA1 | TRISAO | 001F
PORTA | OEO2 — — — — — — — — — — — RA4 RA3 RA2 RA1 RAO 0000
LATA OEO4 — — — — — — — — — — — LATA4 LATA3 LATA2 | LA1TA1 | LAOTAO | 0000
ODCA OE06 — — — — — — — — — — — ODCA4 | ODCA3 | ODCA2 | ODCA1 | ODCAO | 0000
CNENA | OEO8 — — — — — — — — — — — CNIEA4 | CNIEA3 | CNIEA2 | CNIEA1 | CNIEAO | 0000
CNPUA | OEOA — — — — — — — — — — — CNPUA4 | CNPUA3 | CNPUA2 | CNPUA1 | CNPUAO | 0000
CNPDA | OEOC — — — — — — — — — — — CNPDA4 | CNPDA3 | CNPDA2 | CNPDA1 | CNPDAO | 0000
ANSELA | OEOE — — — — — — — — — — — ANSA4 — — ANSA1 | ANSAO | 0013
Legend: — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.

TABLE 4-60: PORTB REGISTER MAP FOR PIC24EPXXXGP/MC202 AND dsPIC33EPXXXGP/MC202/502 DEVICES ONLY

N'Zrl’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 Reﬁlelzts

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.
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

453 MOVE AND ACCUMULATOR
INSTRUCTIONS

Move instructions, which apply to
dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X
and PIC24EPXXXGP/MC20X devices, and the
DSP accumulator class of instructions, which
apply to the dsPIC33EPXXXMC20X/50X and
dsPIC33EPXXXGP50X devices, provide a greater
degree of addressing flexibility than other instructions.
In addition to the addressing modes supported by most
MCU instructions, move and accumulator instructions
also support Register Indirect with Register Offset
Addressing mode, also referred to as Register Indexed
mode.

Note: For the MOV instructions, the addressing
mode specified in the instruction can differ
for the source and destination EA. How-
ever, the 4-bit Wb (Register Offset) field is
shared by both source and destination (but
typically only used by one).

454  MACINSTRUCTIONS
(dsPIC33EPXXXMC20X/50X and
dsPIC33EPXXXGP50X DEVICES
ONLY)

The dual source operand DSP instructions (CLR, ED,
EDAC, MAC, MPY, MPY. N, MOVSAC and MSC), also referred
to as MAC instructions, use a simplified set of addressing
modes to allow the user application to effectively
manipulate the Data Pointers through register indirect
tables.

The Two-Source Operand Prefetch registers must be
members of the set: {W8, W9, W10, W11}. For data
reads, W8 and W9 are always directed to the X RAGU,
and W10 and W11 are always directed to the Y AGU.
The Effective Addresses generated (before and after
modification) must therefore, be valid addresses within
X Data Space for W8 and W9, and Y Data Space for
W10 and W11.

In summary, the following addressing modes are
supported by move and accumulator instructions:

* Register Direct

* Register Indirect

» Register Indirect Post-modified

» Register Indirect Pre-modified

» Register Indirect with Register Offset (Indexed)

* Register Indirect with Literal Offset

+ 8-Bit Literal

+ 16-Bit Literal

Note:  Register Indirect with Register Offset
Addressing mode is available only for W9
(in X space) and W11 (in Y space).

Note: Not all instructions support all the
addressing modes given above. Individual
instructions may support different subsets
of these addressing modes.

In summary, the following addressing modes are
supported by the MAC class of instructions:

* Register Indirect

* Register Indirect Post-Modified by 2

* Register Indirect Post-Modified by 4

» Register Indirect Post-Modified by 6

» Register Indirect with Register Offset (Indexed)

455 OTHER INSTRUCTIONS

Besides the addressing modes outlined previously, some
instructions use literal constants of various sizes. For
example, BRA (branch) instructions use 16-bit signed
literals to specify the branch destination directly, whereas
the DI Sl instruction uses a 14-bit unsigned literal field. In
some instructions, such as ULNK, the source of an
operand or result is implied by the opcode itself. Certain
operations, such as a NCP, do not have any operands.

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

REGISTER 8-2: DMAXREQ: DMA CHANNEL x IRQ SELECT REGISTER

R/S-0 U-0 u-0 U-0 u-0 u-0 U-0 U-0
FORCE®W - [ -1 =1 = — — —
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
IRQSEL7 IRQSEL6 IRQSEL5 IRQSEL4 IRQSEL3 IRQSEL2 IRQSELA1 IRQSELO
bit 7 bit 0
Legend: S = 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 FORCE: Force DMA Transfer bit(®)

1 = Forces a single DMA transfer (Manual mode)
0 = Automatic DMA transfer initiation by DMA request

bit 14-8 Unimplemented: Read as ‘0’

bit 7-0 IRQSEL<7:0>: DMA Peripheral IRQ Number Select bits
01000110 = ECAN1 — TX Data Request®
00100110 = IC4 — Input Capture 4
00100101 =1C3 — Input Capture 3
00100010 = ECAN1 — RX Data Ready®
00100001 = SPI2 Transfer Done
00011111 = UART2TX — UART2 Transmitter
00011110 = UART2RX — UART2 Receiver
00011100 = TMR5 — Timer5
00011011 = TMR4 — Timer4
00011010 = OC4 — Output Compare 4
00011001 = OC3 — Output Compare 3
00001101 = ADC1 — ADC1 Convert done
00001100 = UART1TX — UART1 Transmitter
00001011 = UART1RX — UART1 Receiver
00001010 = SPI1 — Transfer Done
00001000 = TMR3 — Timer3
00000111 = TMR2 — Timer2
00000110 = OC2 — QOutput Compare 2
00000101 = IC2 — Input Capture 2
00000010 = OC1 — Output Compare 1
00000001 = IC1 — Input Capture 1
00000000 = INTO — External Interrupt O

Note 1: The FORCE bit cannot be cleared by user software. The FORCE bit is cleared by hardware when the
forced DMA transfer is complete or the channel is disabled (CHEN = 0).

2. This selection is available in dsPIC33EPXXXGP/MC50X devices only.

© 2011-2013 Microchip Technology Inc. DS70000657H-page 143



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

REGISTER 11-9: RPINR15: PERIPHERAL PIN SELECT INPUT REGISTER 15
(dsPIC33EPXXXMC20X/50X and PIC24EPXXXMC20X DEVICES ONLY)

U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
- ] HOME1R<6:0>
bit 15 bit 8
uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— INDX1R<6:0>
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 Unimplemented: Read as ‘0’
bit 14-8 HOME1R<6:0>: Assign QEI1 HOME1 (HOME1) to the Corresponding RPn Pin bits

(see Table 11-2 for input pin selection numbers)
1111001 = Input tied to RP1121

0000001 = Input tied to CMP1
0000000 = Input tied to Vss
bit 7 Unimplemented: Read as ‘0’
bit 6-0 IND1XR<6:0>: Assign QEI1 INDEX1 (INDX1) to the Corresponding RPn Pin bits
(see Table 11-2 for input pin selection numbers)
1111001 = Input tied to RP1121

0000001 = Input tied to CMP1
0000000 = Input tied to Vss

DS70000657H-page 190 © 2011-2013 Microchip Technology Inc.




dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

REGISTER 11-15: RPINR37: PERIPHERAL PIN SELECT INPUT REGISTER 37
(dsPIC33EPXXXMC20X/50X AND PIC24EPXXXMC20X DEVICES ONLY)

U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
- ] SYNCI1R<6:0>
bit 15 bit 8
u-0 uU-0 u-0 uU-0 u-0 u-0 uU-0 uU-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 Unimplemented: Read as ‘0’
bit 14-8 SYNCI1R<6:0>: Assign PWM Synchronization Input 1 to the Corresponding RPn Pin bits
(see Table 11-2 for input pin selection numbers)
1111001 = Input tied to RP1121
0000001 = Input tied to CMP1
0000000 = Input tied to Vss
bit 7-0 Unimplemented: Read as ‘0’

DS70000657H-page 194
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

REGISTER 15-2:

OCxCON2: OUTPUT COMPARE x CONTROL REGISTER 2

R/W-0 R/W-0 R/W-0 R/W-0 uU-0 uU-0 uU-0 R/W-0
FLTMD FLTOUT FLTTRIEN OCINV — — — 0C32
bit 15 bit 8
R/W-0 R/W-0, HS R/W-0 R/W-0 R/W-1 R/W-1 R/W-0 R/W-0

OCTRIG TRIGSTAT OCTRIS SYNCSEL4 | SYNCSEL3 | SYNCSEL2 | SYNCSEL1 | SYNCSELO
bit 7 bit 0
Legend: 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 FLTMD: Fault Mode Select bit
1 = Fault mode is maintained until the Fault source is removed; the corresponding OCFLTx bit is
cleared in software and a new PWM period starts
0 = Fault mode is maintained until the Fault source is removed and a new PWM period starts
bit 14 FLTOUT: Fault Out bit
1 = PWM output is driven high on a Fault
0 = PWM output is driven low on a Fault
bit 13 FLTTRIEN: Fault Output State Select bit
1 = OCx pin is tri-stated on a Fault condition
0 = OCx pin I/O state is defined by the FLTOUT bit on a Fault condition
bit 12 OCINV: Output Compare x Invert bit
1 = OCx output is inverted
0 = OCx output is not inverted
bit 11-9 Unimplemented: Read as ‘0’
bit 8 OC32: Cascade Two OCx Modules Enable bit (32-bit operation)
1 = Cascade module operation is enabled
0 = Cascade module operation is disabled
bit 7 OCTRIG: Output Compare x Trigger/Sync Select bit
1 = Triggers OCx from the source designated by the SYNCSELX bits
0 = Synchronizes OCx with the source designated by the SYNCSELXx bits
bit 6 TRIGSTAT: Timer Trigger Status bit
1 = Timer source has been triggered and is running
0 = Timer source has not been triggered and is being held clear
bit 5 OCTRIS: Output Compare x Output Pin Direction Select bit
1 = OCx s tri-stated
0 = Output Compare x module drives the OCx pin
Note 1: Do not use the OCx module as its own Synchronization or Trigger source.
2. When the OCy module is turned OFF, it sends a trigger out signal. If the OCx module uses the OCy
module as a Trigger source, the OCy module must be unselected as a Trigger source prior to disabling it.
3: Each Output Compare x module (OCx) has one PTG Trigger/Synchronization source. See Section 24.0
“Peripheral Trigger Generator (PTG) Module” for more information.
PTGOO0 = OC1
PTGO1 =0C2
PTGO2 = 0OC3
PTGO3 = OC4
© 2011-2013 Microchip Technology Inc. DS70000657H-page 223



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 16-16: LEBCONx: PWMx LEADING-EDGE BLANKING CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 uU-0 uU-0
PHR PHF PLR PLF FLTLEBEN | CLLEBEN — —
bit 15 bit 8
u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — BCHY BCLW BPHH BPHL BPLH BPLL
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 PHR: PWMxH Rising Edge Trigger Enable bit
1 = Rising edge of PWMxH will trigger Leading-Edge Blanking counter
0 = Leading-Edge Blanking ignores rising edge of PWMxH
bit 14 PHF: PWMxH Falling Edge Trigger Enable bit
1 = Falling edge of PWMxH will trigger Leading-Edge Blanking counter
0 = Leading-Edge Blanking ignores falling edge of PWMxH
bit 13 PLR: PWMNxL Rising Edge Trigger Enable bit
1 = Rising edge of PWMxL will trigger Leading-Edge Blanking counter
0 = Leading-Edge Blanking ignores rising edge of PWMXxL
bit 12 PLF: PWMxL Falling Edge Trigger Enable bit
1 = Falling edge of PWMXxL will trigger Leading-Edge Blanking counter
0 = Leading-Edge Blanking ignores falling edge of PWMxL
bit 11 FLTLEBEN: Fault Input Leading-Edge Blanking Enable bit
1 = Leading-Edge Blanking is applied to selected Fault input
0 = Leading-Edge Blanking is not applied to selected Fault input
bit 10 CLLEBEN: Current-Limit Leading-Edge Blanking Enable bit
1 = Leading-Edge Blanking is applied to selected current-limit input
0 = Leading-Edge Blanking is not applied to selected current-limit input
bit 9-6 Unimplemented: Read as ‘0’
bit 5 BCH: Blanking in Selected Blanking Signal High Enable bit(})
1 = State blanking (of current-limit and/or Fault input signals) when selected blanking signal is high
0 = No blanking when selected blanking signal is high
bit 4 BCL: Blanking in Selected Blanking Signal Low Enable bit(!)
1 = State blanking (of current-limit and/or Fault input signals) when selected blanking signal is low
0 = No blanking when selected blanking signal is low
bit 3 BPHH: Blanking in PWMxH High Enable bit
1 = State blanking (of current-limit and/or Fault input signals) when PWMxH output is high
0 = No blanking when PWMxH output is high
bit 2 BPHL: Blanking in PWMxH Low Enable bit
1 = State blanking (of current-limit and/or Fault input signals) when PWMxH output is low
0 = No blanking when PWMxH output is low
bit 1 BPLH: Blanking in PWMxL High Enable bit
1 = State blanking (of current-limit and/or Fault input signals) when PWMxL output is high
0 = No blanking when PWMXxL output is high
bit 0 BPLL: Blanking in PWMxL Low Enable bit

Note 1:

1 = State blanking (of current-limit and/or Fault input signals) when PWMxL output is low

0 = No blanking when PWMXxL output is low

The blanking signal is selected via the BLANKSELX bits in the AUXCONX register.
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REGISTER 17-1: QEI1CON: QEI1 CONTROL REGISTER (CONTINUED)

bit 6-4

bit 3

bit 2

bit 1-0

Note 1:

INTDIV<2:0>: Timer Input Clock Prescale Select bits (interval timer, main timer (position counter),
velocity counter and index counter internal clock divider select)(3)

111 = 1:128 prescale value
110 = 1:64 prescale value
101 = 1:32 prescale value
100 = 1:16 prescale value
011 = 1:8 prescale value
010 = 1:4 prescale value
001 = 1:2 prescale value
000 = 1:1 prescale value

CNTPOL: Position and Index Counter/Timer Direction Select bit

1 = Counter direction is negative unless modified by external up/down signal
0 = Counter direction is positive unless modified by external up/down signal
GATEN: External Count Gate Enable bit

1 = External gate signal controls position counter operation

0 = External gate signal does not affect position counter/timer operation
CCM<1:0>: Counter Control Mode Selection bits

11 = Internal Timer mode with optional external count is selected

10 = External clock count with optional external count is selected

01 = External clock count with external up/down direction is selected
00 = Quadrature Encoder Interface (x4 mode) Count mode is selected

When CCM<1:0> = 10 or 11, all of the QEI counters operate as timers and the PIMOD<2:0> bits are
ignored.

When CCM<1:0> = 00, and QEA and QEB values match the Index Match Value (IMV), the POSCNTH
and POSCNTL registers are reset. QEA/QEB signals used for the index match have swap and polarity
values applied, as determined by the SWPAB and QEAPOL/QEBPOL bits.

The selected clock rate should be at least twice the expected maximum quadrature count rate.
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REGISTER 19-1: [2CxCON: 12Cx CONTROL REGISTER (CONTINUED)

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

Note 1:

STREN: SCLx Clock Stretch Enable bit (when operating as 12C slave)

Used in conjunction with the SCLREL bit.
1 = Enables software or receives clock stretching
0 = Disables software or receives clock stretching

ACKDT: Acknowledge Data bit (when operating as 12C master, applicable during master receive)

Value that is transmitted when the software initiates an Acknowledge sequence.
1 = Sends NACK during Acknowledge
0 = Sends ACK during Acknowledge

ACKEN: Acknowledge Sequence Enable bit
(when operating as I°C master, applicable during master receive)

1 = Initiates Acknowledge sequence on SDAx and SCLx pins and transmits ACKDT data bit. Hardware
is clear at the end of the master Acknowledge sequence.
0 = Acknowledge sequence is not in progress

RCEN: Receive Enable bit (when operating as 1°C master)

1 = Enables Receive mode for I12C. Hardware is clear at the end of the eighth bit of the master receive
data byte.
0 = Receive sequence is not in progress

PEN: Stop Condition Enable bit (when operating as I°C master)

1 = Initiates Stop condition on SDAx and SCLx pins. Hardware is clear at the end of the master Stop
sequence.

0 = Stop condition is not in progress

RSEN: Repeated Start Condition Enable bit (when operating as 12c master)

1 = Initiates Repeated Start condition on SDAx and SCLx pins. Hardware is clear at the end of the
master Repeated Start sequence.

0 = Repeated Start condition is not in progress

SEN: Start Condition Enable bit (when operating as 12c master)

1 = Initiates Start condition on SDAx and SCLx pins. Hardware is clear at the end of the master Start
sequence.
0 = Start condition is not in progress

When performing master operations, ensure that the IPMIEN bit is set to ‘0’.
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REGISTER 19-2: [2CxXSTAT: I12Cx STATUS REGISTER (CONTINUED)

bit 3 S: Start bit
1 = Indicates that a Start (or Repeated Start) bit has been detected last
0 = Start bit was not detected last
Hardware is set or clear when a Start, Repeated Start or Stop is detected.
bit 2 R_W: Read/Write Information bit (when operating as I°C slave)
1 = Read — Indicates data transfer is output from the slave
0 = Write — Indicates data transfer is input to the slave
Hardware is set or clear after reception of an I2C device address byte.
bit 1 RBF: Receive Buffer Full Status bit
1 = Receive is complete, I2CxRCV is full
0 = Receive is not complete, I2CxRCV is empty
Hardware is set when I2CxRCV is written with a received byte. Hardware is clear when software reads
I2CxRCV.
bit 0 TBF: Transmit Buffer Full Status bit
1 = Transmit in progress, I2CxTRN is full
0 = Transmit is complete, I2CxTRN is empty
Hardware is set when software writes to I2CxTRN. Hardware is clear at completion of a data transmission.
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REGISTER 23-3:

ADI1CON3: ADC1 CONTROL REGISTER 3

R/W-0 u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
ADRC — — samc4® | samc3® | samc2® | samc1® | samco®
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
ADCS7®) ADCS6® ADCS5@ | ADCS4® | ADCS3®@ | ADCS2( ADCS1@ | aADCcs0®@
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown

bit 15

bit 14-13
bit 12-8

bit 7-0

Note 1:

ADRC: ADC1 Conversion Clock Source bit

1 = ADC internal RC clock

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

00001 =1 TAD

00000 =0 TAD

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

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

This bit is only used if SSRC<2:0> (AD1CON1<7:5>) = 111 and SSRCG (AD1CON1<4>) = 0.
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TABLE 28-2: INSTRUCTION SET OVERVIEW (CONTINUED)

Base
Assembly . # of # of Status Flags
In;tr Mnemonic Assembly Syntax Description Words Cycles(z) Affected
52 MJUL MJL.SS Wb, W, Wid {Wnd + 1, Wnd} = signed(Wb) * 1 1 None
signed(Ws)
MIL.SS Wb, W, Acc®D Accumulator = signed(Whb) * signed(Ws) 1 1 None
MJL. SU Wb, W, Wid {Wnd + 1, Wnd} = signed(Wb) * 1 1 None
unsigned(Ws)
MILL.SU Wb, W, Acc® Accumulator = signed(Wb) * 1 1 None
unsigned(Ws)
MIL.SU Wb, #lit5, Acc® Accumulator = signed(Wb) * 1 1 None
unsigned(lit5)
MJL.US Wb, W, Wid {Wnd + 1, Wnd} = unsigned(Wb) * 1 1 None
signed(Ws)
MLL.US Wb, W, Acc® Accumulator = unsigned(Wb) * 1 1 None
signed(Ws)
MJL. WU Wb, V8, Wid {Wnd + 1, Wnd} = unsigned(Wb) * 1 1 None
unsigned(Ws)
MLL.UU Wb, #lit5, Acc® Accumulator = unsigned(Wb) * 1 1 None
unsigned(lit5)
MLL.UU Wb, W&, Acc® Accumulator = unsigned(Wb) * 1 1 None
unsigned(Ws)
MULW SS Wb, W, Wad Wnd = signed(Wb) * signed(Ws) 1 1 None
MULW SU Wb, W, Wad Wnd = signed(Wb) * unsigned(Ws) 1 1 None
MULW US Wb, W, Wad Wnd = unsigned(Wb) * signed(Ws) 1 1 None
MULW UU Wb, W, Wad Wnd = unsigned(Wb) * unsigned(Ws) 1 1 None
MIL. SU Wb, #1it5, Wwd {Wnd + 1, Wnd} = signed(Wb) * 1 1 None
unsigned(lit5)
MJL. SU Wb, #lit5, Wd Wnd = signed(Wb) * unsigned(it5) 1 1 None
MJL. WU Wb, #1it5, Wd {Wnd + 1, Wnd} = unsigned(Wb) * 1 1 None
unsigned(lit5)
MJL. WU Wb, #lit5, Wd Wnd = unsigned(Wb) * unsigned(lit5) 1 1 None
MJL f W3:W2 = f* WREG 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 28-2: INSTRUCTION SET OVERVIEW (CONTINUED)

st | posemoy pssembly syax wonts | cymen| e e
53 NEG NEG Acc® Negate Accumulator 1 1 OA,0B,0AB,
SA,SB,SAB
NEG f f=f+1 1 1 C,DC,N,0V,Z
NEG f, WREG WREG =f+ 1 1 1 C,DC,N,0V,Z
NEG W, Wi Wd =Ws + 1 1 1 C,DC,N,0V,Z
54 NOP NOP No Operation 1 1 None
NCOPR No Operation 1 1 None
55 POP POP f Pop f from Top-of-Stack (TOS) 1 1 None
POP Wo Pop from Top-of-Stack (TOS) to Wdo 1 1 None
POP. D Whd Pop from Top-of-Stack (TOS) to 1 2 None
W(nd):W(nd + 1)
PCP. S Pop Shadow Registers 1 1 All
56 PUSH PUSH f Push f to Top-of-Stack (TOS) 1 1 None
PUSH Wo Push Wso to Top-of-Stack (TOS) 1 1 None
PUSH D Wis Push W(ns):W(ns + 1) to Top-of-Stack 1 2 None
(TOS)
PUSH. S Push Shadow Registers 1 1 None
57 PVRSAV PWRSAV  #litl Go into Sleep or Idle mode 1 1 WDTO,Sleep
58 RCALL RCALL Expr Relative Call 1 4 SFA
RCALL Wh Computed Call 1 4 SFA
59 REPEAT REPEAT  #lit15 Repeat Next Instruction lit15 + 1 times 1 1 None
REPEAT W Repeat Next Instruction (Wn) + 1 times 1 1 None
60 RESET RESET Software device Reset 1 1 None
61 RETFI E RETFI E Return from interrupt 1 6 (5) SFA
62 RETLW RETLW #1110, Wh Return with literal in Wn 1 6 (5) SFA
63 RETURN RETURN Return from Subroutine 1 6 (5) SFA
64 RLC RLC f f = Rotate Left through Carry f 1 1 C,N,Zz
RLC f, WVREG WREG = Rotate Left through Carry f 1 1 C,N,Zz
RLC W, Wi Wd = Rotate Left through Carry Ws 1 1 C,N,Z
65 RLNC RLNC f f = Rotate Left (No Carry) f 1 1 N.Z
RLNC f, VREG WREG = Rotate Left (No Carry) f 1 1 N.Z
RLNC W, Wi Wd = Rotate Left (No Carry) Ws 1 1 N.Z
66 RRC RRC f f = Rotate Right through Carry f 1 1 CN,z
RRC f, WVREG WREG = Rotate Right through Carry f 1 1 C,N,Z
RRC W, Wi Wd = Rotate Right through Carry Ws 1 1 C,N,Zz
67 RRNC RRNC f f = Rotate Right (No Carry) f 1 1 N.,Z
RRNC f, VREG WREG = Rotate Right (No Carry) f 1 1 N.Z
RRNC W, Wi WAd = Rotate Right (No Carry) Ws 1 1 N.Z
68 | SAC SAC Acc, #Sl i t 4, Wio® Store Accumulator 1 1 None
SAC. R Acc, #Sl i t 4, Wio® Store Rounded Accumulator 1 1 None
69 SE SE W, Wid Wnd = sign-extended Ws 1 1 CN,Zz
70 SETM SETM f f = OXFFFF 1 1 None
SETM WREG WREG = OxFFFF 1 1 None
SETM '3 Ws = OxFFFF 1 1 None
71 SFTAC SFTAC  Acc, Wi Arithmetic Shift Accumulator by (Wn) 1 1 OA,0B,0AB,
SA,SB,SAB
SFTAC  Acc, #Slit6® Arithmetic Shift Accumulator by Slit6 1 1 OA,0B,0AB,
SA,SB,SAB

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.

© 2011-2013 Microchip Technology Inc. DS70000657H-page 395



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

TABLE 30-12: DC CHARACTERISTICS: I/O PIN OUTPUT SPECIFICATIONS

DC CHARACTERISTICS

Standard Operating Conditions: 3.0V to 3.6V

(unless otherwise stated)

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

Param.| Symbol Characteristic Min. | Typ. | Max. | Units Conditions
DO10 |VoL Output Low Voltage — — 0.4 V |VDbb=3.3V,
4x Sink Driver Pins® loL <6 mA, -40°C < TA< +85°C
loL <5 mA, +85°C < TA<+125°C
Output Low Voltage — — 0.4 V |VDbb=3.3V,
8x Sink Driver Pins®) loL < 12 mA, -40°C < TA< +85°C
loL <8 mA, +85°C < TA<+125°C
DO20 |VoH Output High Voltage 2.4 — — \Y IoH >-10 mA, VDD = 3.3V
4x Source Driver Pins®
Output High Voltage 24 — — V  [lOH >-15mA, VDD = 3.3V
8x Source Driver Pins®
DO20A |VoH1 Output High Voltage 150 | — — V  |IoH >-14 mA, VDD = 3.3V
4x Source Driver Pins®@ T
200 | — — IoH > -12 mA, VDD = 3.3V
3.00 | — — IoH > -7 mA, VDD = 3.3V
Output High Voltage 150 | — — V  |IoH > -22 mA, VDD = 3.3V
8x Source Driver Pins® T
200 | — — IoH > -18 mA, VDD = 3.3V
3.00 | — — IoH > -10 mA, VDD = 3.3V
Note 1. Parameters are characterized but not tested.

2: Includes all I/O pins that are not 8x Sink Driver pins (see below).

3: Includes the following pins:
For devices with less than 64 pins: RA3, RA4, RA9, RB<7:15> and RC3
For 64-pin devices: RA4, RA9, RB<7:15>, RC3 and RC15

TABLE 30-13: ELECTRICAL CHARACTERISTICS: BOR

DC CHARACTERISTICS

Standard Operating Conditions: 3.0V to 3.6V

(unless otherwise stated)(l)

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

Pilrsm Symbol Characteristic Min.® | Typ. | Max. | Units Conditions
BO10 VBOR BOR Event on VDD Transition | 2.65 — 2.95 \ VDD
High-to-Low (Notes 2 and 3)
Note 1: Device is functional at VBORMIN < VDD < VDDMIN, but will have degraded performance. Device functionality

is tested, but not characterized. Analog modules (ADC, op amp/comparator and comparator voltage
reference) may have degraded performance.

2: Parameters are for design guidance only and are not tested in manufacturing.

3: The VBOR specification is relative to VDD.
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FIGURE 30-29: SPI1 SLAVE MODE (FULL-DUPLEX, CKE =0, CKP =0, SMP =0)
TIMING CHARACTERISTICS
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Note: Refer to Figure 30-1 for load conditions.
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Revision E (April 2012)

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

All other major changes are referenced by their

respective section in Table A-3.

TABLE A-4: MAJOR SECTION UPDATES

Section Name

Update Description

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

The following 512-Kbyte devices were added to the General Purpose Families table
(see Table 1):

» PIC24EP512GP202

+ PIC24EP512GP204

+ PIC24EP512GP206

+ dsPIC33EP512GP502

+ dsPIC33EP512GP504

+ dsPIC33EP512GP506

The following 512-Kbyte devices were added to the Motor Control Families table (see
Table 2):

+ PIC24EP512MC202

+ PIC24EP512MC204

» PIC24EP512MC206

» dsPIC33EP512MC202

» dsPIC33EP512MC204

+ dsPIC33EP512MC206

+ dsPIC33EP512MC502

+ dsPIC33EP512MC504

+ dsPIC33EP512MC506

Certain Pin Diagrams were updated to include the new 512-Kbyte devices.

Section 4.0 “Memory
Organization”

Added a Program Memory Map for the new 512-Kbyte devices (see Figure 4-4).
Added a Data Memory Map for the new dsPIC 512-Kbyte devices (see Figure 4-11).
Added a Data Memory Map for the new PIC24 512-Kbyte devices (see Figure 4-16).

Section 7.0 “Interrupt
Controller”

Updated the VECNUM bits in the INTTREG register (see Register 7-7).

Section 11.0 “1/O Ports”

Added tip 6 to Section 11.5 “I/O Helpful Tips”.

Section 27.0 “ Special
Features”

The following modifications were made to the Configuration Byte Register Map (see
Table 27-1):

» Added the column Device Memory Size (Kbytes)
* Removed Notes 1 through 4
» Added addresses for the new 512-Kbyte devices

Section 30.0 “Electrical
Characteristics”

Updated the Minimum value for Parameter DC10 (see Table 30-4).

Added Power-Down Current (Ipd) parameters for the new 512-Kbyte devices (see
Table 30-8).

Updated the Minimum value for Parameter CM34 (see Table 30-53).

Updated the Minimum and Maximum values and the Conditions for paramteer SY12
(see Table 30-22).
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