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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

12C, IrDA, LINbus, QEI, SPI, UART/USART

Brown-out Detect/Reset, DMA, I2S, Motor Control PWM, POR, PWM, WDT
35

512KB (170K x 24)

FLASH

48K x 8

A/D 18x10b/12b
Internal

-40°C ~ 85°C (TA)
Surface Mount
44-TQFP

44-TQFP (10x10)
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453 MODULO ADDRESSING
APPLICABILITY

Modulo Addressing can be applied to the Effective
Address (EA) calculation associated with any W
register. Address boundaries check for addresses
equal to:

* The upper boundary addresses for incrementing
buffers

* The lower boundary addresses for decrementing
buffers

It is important to realize that the address boundaries
check for addresses less than or greater than the upper
(for incrementing buffers) and lower (for decrementing
buffers) boundary addresses (not just equal to).
Address changes can, therefore, jump beyond
boundaries and still be adjusted correctly.

Note:  The modulo corrected Effective Address
is written back to the register only when
Pre-Modify or Post-Modify Addressing
mode is used to compute the Effective
Address. When an address offset (such as
[W7 + W2]) is used, Modulo Addressing
correction is performed, but the contents of
the register remain unchanged.

4.6.1 BIT-REVERSED ADDRESSING
IMPLEMENTATION

Bit-Reversed Addressing mode is enabled when all of
these conditions are met:

+ BWM bits (W register selection) in the MODCON
register are any value other than ‘1111’ (the stack
cannot be accessed using Bit-Reversed
Addressing)

* The BREN bit is set in the XBREV register

* The addressing mode used is Register Indirect
with Pre-Increment or Post-Increment

If the length of a bit-reversed buffer is M = 2\ bytes,
the last ‘N’ bits of the data buffer start address must
be zeros.

XB<14:0> is the Bit-Reversed Addressing modifier, or
‘pivot point’, which is typically a constant. In the case of
an FFT computation, its value is equal to half of the FFT
data buffer size.

Note: All bit-reversed EA calculations assume
word-sized data (LSb of every EA is always
clear). The XB value is scaled accordingly to
generate compatible (byte) addresses.

4.6 Bit-Reversed Addressing

Bit-Reversed Addressing mode is intended to simplify
data reordering for radix-2 FFT algorithms; it is
supported by the X AGU for data writes only.

The modifier, which can be a constant value or register
contents, is regarded as having its bit order reversed.
The address source and destination are kept in normal
order. Thus, the only operand requiring reversal is the
modifier.

When enabled, Bit-Reversed Addressing is executed
only for Register Indirect with Pre-Increment or Post-
Increment Addressing and word-sized data writes. It
does not function for any other addressing mode or for
byte-sized data and normal addresses are generated
instead. When Bit-Reversed Addressing is active, the
W Address Pointer is always added to the address
modifier (XB) and the offset associated with the
Register Indirect Addressing mode is ignored. In
addition, as word-sized data is a requirement, the LSb
of the EA is ignored (and always clear).

Note: Modulo Addressing and Bit-Reversed
Addressing can be enabled simultaneously
using the same W register, but Bit-Reversed
Addressing operation will always take
precedence for data writes when enabled.

If Bit-Reversed Addressing has already been enabled
by setting the BREN (XBREV<15>) bit, a write to the
XBREV register should not be immediately followed by
an indirect read operation using the W register that has
been designated as the Bit-Reversed Pointer.

© 2013-2014 Microchip Technology Inc.
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REGISTER 5-4: NVMKEY: NONVOLATILE MEMORY KEY REGISTER

U-0 U-0 u-0 U-0 U-0 uU-0 U-0 U-0

bit 15 bit 8
W-0 W-0 W-0 W-0 W-0 W-0 W-0 W-0

NVMKEY<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 15-8 Unimplemented: Read as ‘0’

bit 7-0 NVMKEY<7:0>: NVM Key Register (write-only) bits

REGISTER 5-5: NVMSRCADRH: NONVOLATILE DATA MEMORY UPPER ADDRESS REGISTER

uU-0 uU-0 uU-0 uU-0 U-0 uU-0 uU-0 uU-0
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
NVMSRCADRH<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 15-8 Unimplemented: Read as ‘0’
bit 7-0 NVMSRCADRH<23:16>: Nonvolatile Data Memory Upper Address bits

DS70000689D-page 108 © 2013-2014 Microchip Technology Inc.
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REGISTER 9-3: PLLFBD: PLL FEEDBACK DIVISOR REGISTER®W

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

— — — — — — — PLLDIV<8>
bit 15 bit 8

R/W-0 R/W-0 R/W-1 R/W-1 R/W-0 R/W-0 R/W-0 R/W-0
PLLDIV<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 15-9
bit 8-0

Unimplemented: Read as ‘0’

111111111 =513

000110000 = 50 (default)

000000010 =4
000000001 =3
000000000 =2

Note 1. This register is reset only on a Power-on Reset (POR).

PLLDIV<8:0>: PLL Feedback Divisor bits (also denoted as ‘M’, PLL multiplier)

DS70000689D-page 150
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10.3 Doze Mode

The preferred strategies for reducing power consumption
are changing clock speed and invoking one of the power-
saving modes. In some circumstances, this cannot be
practical. For example, it may be necessary for an
application to maintain uninterrupted synchronous
communication, even while it is doing nothing else.
Reducing system clock speed can introduce
communication errors, while using a power-saving mode
can stop communications completely.

Doze mode is a simple and effective alternative method
to reduce power consumption while the device is still
executing code. In this mode, the system clock
continues to operate from the same source and at the
same speed. Peripheral modules continue to be
clocked at the same speed, while the CPU clock speed
is reduced. Synchronization between the two clock
domains is maintained, allowing the peripherals to
access the SFRs while the CPU executes code at a
slower rate.

Doze mode is enabled by setting the DOZEN bit
(CLKDIV<11>). The ratio between peripheral and core
clock speed is determined by the DOZE<2:0> bits
(CLKDIV<14:12>). There are eight possible configu-
rations, from 1:1 to 1:128, with 1:1 being the default
setting.

Programs can use Doze mode to selectively reduce
power consumption in event-driven applications. This
allows clock-sensitive functions, such as synchronous
communications, to continue without interruption while
the CPU Idles, waiting for something to invoke an
interrupt routine. An automatic return to full-speed CPU
operation on interrupts can be enabled by setting the
ROI bit (CLKDIV<15>). By default, interrupt events
have no effect on Doze mode operation.

For example, suppose the device is operating at
20 MIPS and the CAN module has been configured for
500 kbps based on this device operating speed. If the
device is placed in Doze mode with a clock frequency
ratio of 1:4, the CAN module continues to communicate
at the required bit rate of 500 kbps, but the CPU now
starts executing instructions at a frequency of 5 MIPS.

10.4 Peripheral Module Disable

The Peripheral Module Disable (PMD) registers
provide a method to disable a peripheral module by
stopping all clock sources supplied to that module.
When a peripheral is disabled, using the appropriate
PMD control bit, the peripheral is in a minimum power
consumption state. The control and status registers
associated with the peripheral are also disabled, so
writes to those registers do not have effect and read
values are invalid.

A peripheral module is enabled only if both the
associated bit in the PMD register is cleared and the
peripheral is supported by the specific dsPIC® DSC
variant. If the peripheral is present in the device, it is
enabled in the PMD register by default.

Note: If a PMD bit is set, the corresponding
module is disabled after a delay of one
instruction cycle. Similarly, if a PMD bit is
cleared, the corresponding module is
enabled after a delay of one instruction
cycle (assuming the module control regis-
ters are already configured to enable

module operation).

© 2013-2014 Microchip Technology Inc.
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REGISTER 10-3:

PMD3: PERIPHERAL MODULE DISABLE CONTROL REGISTER 3

R/W-0 R/W-0 R/W-0 R/W-0 U-0 R/W-0 R/W-0 R/W-0
TO9MD T8MD T7MD T6MD — CMPMD RTCCMD® PMPMD
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
CRCMD DACMD QEI2MD PWM2MD U3MD 12C3MD 12C2MD ADC2MD
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 TOMD: Timer9 Module Disable bit

1 = Timer9 module is disabled
0 = Timer9 module is enabled
T8MD: Timer8 Module Disable bit
1 = Timer8 module is disabled
0 = Timer8 module is enabled
T7MD: Timer7 Module Disable bit
1 = Timer7 module is disabled
0 = Timer7 module is enabled
T6MD: Timer6 Module Disable bit

1 = Timer6 module is disabled
0 = Timer6 module is enabled

bit 13

bit 14

bit 12

bit 11
bit 10

Unimplemented: Read as ‘0’
CMPMD: Comparator Module Disable bit

1 = Comparator module is disabled
0 = Comparator module is enabled

RTCCMD: RTCC Module Disable bit)

1 = RTCC module is disabled
0 = RTCC module is enabled

PMPMD: PMP Module Disable bit

1 = PMP module is disabled
0 = PMP module is enabled

CRCMD: CRC Module Disable bit
1 = CRC module is disabled
0 = CRC module is enabled
DACMD: DAC Module Disable bit
1 = DAC module is disabled
0 = DAC module is enabled
QEI2MD: QEI2 Module Disable bit

1 = QEI2 module is disabled
0 = QEI2 module is enabled

PWM2MD: PWM2 Module Disable bit

1 = PWM2 module is disabled
0 = PWM2 module is enabled

bit 9

bit 8

bit 7

bit 6

bit 5

bit 4

Note 1: The RTCCMD bit is not available on 44-pin devices.

© 2013-2014 Microchip Technology Inc. DS70000689D-page 159
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TABLE 11-2:  INPUT PIN SELECTION FOR SELECTABLE INPUT SOURCES (CONTINUED)

Peripheral Pin Input/ ‘ . Peripheral Pin Input/ ‘ ‘
Se[ect Input Output Pin Assignment Se!ect Input Output Pin Assignment

Register Value Register Value

010 1001 IO RP41 101 0101 — —
010 1010 IO RP42 101 0110 — —
010 1011 10 RP43 101 0111 — —
101 1000 — — 110 1100 — —
101 1001 — — 110 1101 — —
101 1010 — — 110 1110 — —
101 1011 — — 110 1111 — —
101 1100 — — 111 0000 | RPI112
101 1101 — — 111 0001 I/0 RP113
101 1110 | RPI94 111 0010 — —
101 1111 | RPI95 111 0011 — —
110 0000 | RPI196 111 0100 — —
110 0001 IO RP97 111 0101 — —
110 0010 — — 111 0110 /0 RP118
110 0011 — — 111 0111 | RPI119
110 0100 — — 111 1000 /0 RP120
110 0101 — — 111 1001 | RPI1121
110 0110 — — 111 1010 — —
110 0111 — — 111 1011 — —
110 1000 — — 111 1100 | RPI1124
110 1001 — — 111 1101 I/0 RP125
110 1010 — — 111 1110 /0 RP126
110 1011 — — 111 1111 /0 RP127

Legend: Shaded rows indicate PPS Input register values that are unimplemented.
Note 1: See Section 11.4.4.1 “Virtual Connections” for more information on selecting this pin assignment.

DS70000689D-page 170 © 2013-2014 Microchip Technology Inc.
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REGISTER 11-3: RPINR3: PERIPHERAL PIN SELECT INPUT REGISTER 3

u-0 uU-0 u-0 uU-0 u-0 u-0 uU-0 uU-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
— T2CKR<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 15-7 Unimplemented: Read as ‘0’
bit 6-0 T2CKR<6:0>: Assign Timer2 External Clock (T2CK) to the Corresponding RPn pin bits

(see Table 11-2 for input pin selection numbers)
1111100 = Input tied to RP1124

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

© 2013-2014 Microchip Technology Inc. DS70000689D-page 177
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REGISTER 11-8: RPINR11: PERIPHERAL PIN SELECT INPUT REGISTER 11

U-0 u-0 uU-0 u-0 uU-0 uU-0 uU-0 uU-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
— OCFAR<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’ = Bitis cleared x = Bit is unknown
bit 15-7 Unimplemented: Read as ‘0’
bit 6-0 OCFAR<6:0>: Assign Output Compare Fault A (OCFA) to the Corresponding RPn Pin bits

(see Table 11-2 for input pin selection numbers)
1111100 = Input tied to RP1124

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

DS70000689D-page 182 © 2013-2014 Microchip Technology Inc.
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REGISTER 11-9:

RPINR12: PERIPHERAL PIN SELECT INPUT REGISTER 12

U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
_ FLT2R<6:0>
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
— FLT1R<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
bit 14-8

bit 7
bit 6-0

Unimplemented: Read as ‘0’

FLT2R<6:0>: Assign PWM Fault 2 (FLT2) to the Corresponding RPn Pin bits

(see Table 11-2 for input pin selection numbers)
1111100 = Input tied to RP1124

0000001 = Input tied to CMP1

0000000 = Input tied to Vss

Unimplemented: Read as ‘0’

FLT1R<6:0>: Assign PWM Fault 1 (FLT1) to the Corresponding RPn Pin bits

(see Table 11-2 for input pin selection numbers)
1111100 = Input tied to RP1124

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

© 2013-2014 Microchip Technology Inc.
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REGISTER 16-22: LEBCONx: LEADING-EDGE BLANKING CONTROL REGISTER x

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 U-0 U-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
— — BCHW BCcL® 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 the Leading-Edge Blanking counter
0 = Leading-Edge Blanking ignores the rising edge of PWMxH
bit 14 PHF: PWMxH Falling Edge Trigger Enable bit
1 = Falling edge of PWMxH will trigger the Leading-Edge Blanking counter
0 = Leading-Edge Blanking ignores the falling edge of PWMxH
bit 13 PLR: PWMNXxL Rising Edge Trigger Enable bit
1 = Rising edge of PWMxL will trigger the Leading-Edge Blanking counter
0 = Leading-Edge Blanking ignores the rising edge of PWMXxL
bit 12 PLF: PWMxL Falling Edge Trigger Enable bit
1 = Falling edge of PWMNxL will trigger the Leading-Edge Blanking counter
0 = Leading-Edge Blanking ignores the falling edge of PWMXxL
bit 11 FLTLEBEN: Fault Input Leading-Edge Blanking Enable bit
1 = Leading-Edge Blanking is applied to the selected Fault input
0 = Leading-Edge Blanking is not applied to the selected Fault input
bit 10 CLLEBEN: Current-Limit Leading-Edge Blanking Enable bit
1 = Leading-Edge Blanking is applied to the selected current-limit input
0 = Leading-Edge Blanking is not applied to the 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

1 = State blanking (of current-limit and/or Fault input signals) when PWMxL output is low
0 = No blanking when PWMXxL output is low

Note 1: The blanking signal is selected via the BLANKSELX bits in the AUXCONX register.

DS70000689D-page 252 © 2013-2014 Microchip Technology Inc.
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20.2 UART Control Registers

REGISTER 20-1: UxMODE: UARTx MODE REGISTER

R/W-0 U-0 R/W-0 R/W-0 R/W-0 U-0 R/W-0 R/W-0
UARTEN®) — USIDL IREN®) RTSMD — UEN1 UENO
bit 15 bit 8
R/W-0, HC R/W-0 R/W-0, HC R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
WAKE LPBACK ABAUD URXINV BRGH PDSEL1 PDSELO STSEL
bit 7 bit 0
Legend: HC = Hardware 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 UARTEN: UARTX Enable bit®)

1 = UARTXx is enabled; all UARTXx pins are controlled by UARTx as defined by UEN<1:0>
0 = UARTXx is disabled; all UARTXx pins are controlled by PORT latches; UARTx power consumption

is minimal
bit 14 Unimplemented: Read as ‘0’
bit 13 USIDL: UARTX Stop in Idle Mode bit

1 = Discontinues module operation when device enters |dle mode
0 = Continues module operation in Idle mode
bit 12 IREN: IrDA® Encoder and Decoder Enable bit(®
1 = IrDA encoder and decoder are enabled
0 = IrDA encoder and decoder are disabled
bit 11 RTSMD: Mode Selection for UXRTS Pin bit
1 = UxRTS pin is in Simplex mode
0 = UxRTS pin is in Flow Control mode

bit 10 Unimplemented: Read as ‘0’

bit 9-8 UEN<1:0>: UARTXx Pin Enable bits
11 = UxTX, UxRX and BCLKXx pins are enabled and used; UxCTS pin is controlled by PORT latches®
10 = UxTX, UxRX, UxCTS and UxRTS pins are enabled and used®
01 = UxTX, UxRX and UxRTS pins are enabled and used; UxCTS pin is controlled by PORT latches®
00 = UxTX and UxRX pins are enabled and used; UxCTS and UxRTS/BCLKXx pins are controlled by

PORT latches

bit 7 WAKE: Wake-up on Start bit Detect During Sleep Mode Enable bit

1 = UARTX continues to sample the UxRX pin, interrupt is generated on the falling edge; bit is cleared
in hardware on the following rising edge

0 = No wake-up is enabled

bit 6 LPBACK: UARTx Loopback Mode Select bit

1 = Enables Loopback mode
0 = Loopback mode is disabled

Note 1. Referto the “dsPIC33/PIC24 Family Reference Manual”, “Universal Asynchronous Receiver Transmitter
(UART)” (DS70000582) for information on enabling the UART module for receive or transmit operation.

2: This feature is only available for the 16x BRG mode (BRGH = 0).
This feature is only available on 44-pin and 64-pin devices.
4: This feature is only available on 64-pin devices.

w
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REGISTER 25-1: PTGCST: PTG CONTROL/STATUS REGISTER (CONTINUED)

bit 1-0 PTGITM<1:0>: PTG Input Trigger Command Operating Mode bits(?)
11 = Single level detect with step delay is not executed on exit of command (regardless of PTGCTRL
command)
10 = Single level detect with step delay is executed on exit of command
01 = Continuous edge detect with step delay is not executed on exit of command (regardless of
PTGCTRL command)
00 = Continuous edge detect with step delay is executed on exit of command

Note 1. These bits apply to the PTGAH and PTGALO commands only.
2. This bit is only used with the PTGCTRL Step command software trigger option.

DS70000689D-page 352 © 2013-2014 Microchip Technology Inc.
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27.0 REAL-TIME CLOCK AND
CALENDAR (RTCC)

Note 1: This data sheet summarizes the features
of the dsPIC33EPXXXGM3XX/6XX/7XX
families of devices. It is not intended to be
a comprehensive reference source. To
complement the information in this data
sheet, refer to the “dsPIC33/P1C24 Family
Reference Manual”, “Real-Time Clock
and Calendar (RTCC)” (DS70584), 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.

This chapter discusses the Real-Time Clock and
Calendar (RTCC) module and its operation.

Some of the key features of this module are:

« Time: Hours, Minutes and Seconds

* 24-Hour Format (military time)

+ Calendar: Weekday, Date, Month and Year

+ Alarm Configurable

* Year Range: 2000 to 2099

» Leap Year Correction

* BCD Format for Compact Firmware

» Optimized for Low-Power Operation

+ User Calibration with Auto-Adjust

+ Calibration Range: +2.64 Seconds Error per Month

* Requirements: External 32.768 kHz Clock Crystal

» Alarm Pulse or Seconds Clock Output on RTCC Pin
The RTCC module is intended for applications where
accurate time must be maintained for extended periods
with minimum to no intervention from the CPU. The
RTCC module is optimized for low-power usage to

provide extended battery lifetime while keeping track of
time.

The RTCC module is a 100-year clock and calendar
with automatic leap year detection. The range of the
clock is from 00:00:00 (midnight) on January 1, 2000 to
23:59:59 on December 31, 2099.

The hours are available in 24-hour (military time)
format. The clock provides a granularity of one second
with half-second visibility to the user.
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REGISTER 27-8: ALRMVAL (WHEN ALRMPTR<1:0> = 10): ALARM MONTH AND DAY VALUE
REGISTER®Y

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

— — | — | MTHTENO | MTHONE3 | MTHONE2 | MTHONE1 | MTHONEO
bit 15 bit 8

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

— — DAYTEN1 DAYTENO DAYONE3 DAYONE2 DAYONE1 DAYONEO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown

bit 15-13 Unimplemented: Read as ‘0’

bit 12 MTHTENO: Binary Coded Decimal Value of Month’s Tens Digit bit
Contains a value of 0 or 1.

bit 11-8 MTHONE<3:0>: Binary Coded Decimal Value of Month’s Ones Digit bits
Contains a value from 0 to 9.

bit 7-6 Unimplemented: Read as ‘0’

bit 5-4 DAYTEN<1:0>: Binary Coded Decimal Value of Day’s Tens Digit bits
Contains a value from 0 to 3.

bit 3-0 DAYONE<3:0>: Binary Coded Decimal Value of Day’s Ones Digit bits

Contains a value from 0 to 9.

Note 1: A write to this register is only allowed when RTCWREN = 1.
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FIGURE 33-7:

INPUT CAPTURE x (ICx) TIMING CHARACTERISTICS

l——IC10—>! '«—IC11—>' .

115 ——————

Note: Refer to Figure 33-1 for load conditions.

TABLE 33-25:

INPUT CAPTURE x (ICx) TIMING REQUIREMENTS

AC 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

Pa’\;(e)tm. Symbol | Characteristics® Min. Max. | Units Conditions
IC10 TccL | ICx Input Low Time Greater of: — ns | Must also meet
125+ 25 0or Parameter IC15
(0.5 TcYIN) + 25
IC11 TccH | ICx Input High Time Greater of: — ns | Must also meet _
N = Prescale value
125+ 25 0or Parameter IC15 (1, 4, 16)
(0.5 TcYIN) + 25 T
IC15 TccP | ICx Input Period Greater of: — ns
25+ 50 or
(1 Tcy/N) + 50
Note 1: These parameters are characterized, but not tested in manufacturing.
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FIGURE 33-8: OUTPUT COMPARE x (OCx) TIMING CHARACTERISTICS

OCx . 1
(Output Compare | .
or PWM Mode) : !

OC11—=) = OC10—+: =

Note: Refer to Figure 33-1 for load conditions.

TABLE 33-26: OUTPUT COMPARE x (OCx) TIMING REQUIREMENTS

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

AC CHARACTERISTICS

Pzrglm Symbol Characteristic(t) Min. | Typ. Max. | Units Conditions
OC10 |TccF OCx Output Fall Time — — — ns |See Parameter DO32
OC11 |TccR OCx Output Rise Time — — — ns |See Parameter DO31

Note 1: These parameters are characterized but not tested in manufacturing.

FIGURE 33-9: OCx/PWMx MODULE TIMING CHARACTERISTICS

ocx >< :

TABLE 33-27: OCx/PWMx MODE TIMING REQUIREMENTS

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

AC CHARACTERISTICS

Pilrglm Symbol Characteristic() Min. Typ. Max. Units Conditions
OC15 TFD Fault Input to PWMXx — — Tey + 20 ns
1/0 Change
0C20 TFLT Fault Input Pulse Width Tcy + 20 — — ns

Note 1: These parameters are characterized but not tested in manufacturing.
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FIGURE 33-14: QEIx MODULE INDEX PULSE TIMING CHARACTERISTICS
QEAX
(input) /

QEBx
(input)

AN

Ungated
Index /

Index Internal

Position | |
Counter Reset |
.

oo

TABLE 33-31: QEIx INDEX PULSE TIMING REQUIREMENTS

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

AC CHARACTERISTICS

Pilrsm Symbol Characteristic(!) Min. Max. Units Conditions
TQ50 |TqlL Filter Time to Recognize Low 3*N*Tcy — ns N=1,2, 4,16, 32, 64,
with Digital Filter 128 and 256 (Note 2)
TQ51 |TqiH Filter Time to Recognize High 3*N*Tcy — ns N=1,2, 4,16, 32, 64,
with Digital Filter 128 and 256 (Note 2)
TQ55 |Tqidxr |Index Pulse Recognized to Position 3 Tcy — ns
Counter Reset (ungated index)

Note 1: These parameters are characterized but not tested in manufacturing.
2:  Alignment of index pulses to QEAx and QEBX is shown for Position Counter Reset timing only. Shown for
forward direction only (QEAXx leads QEBXx). Same timing applies for reverse direction (QEAx lags QEBX)
but index pulse recognition occurs on falling edge.
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44-Lead Plastic Quad Flat, No Lead Package (ML) - 8x8 mm Body [QFN]

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

c1 '
W2 ‘
| |
T-ewrdtUUUOOOOMHA
. _[ E
1 1
1 1
= =]
Cc2 1 — G
(I (I _[
T2 ] ] —?—
1 1
(I (I
1 1 Y1
- =
~—-xE0000000000
ol
SILK SCREEN
RECOMMENDED LAND PATTERN
Units MILLIMETERS
Dimension Limits|  MIN | NOM | MAX
Contact Pitch E 0.65 BSC
Optional Center Pad Width W2 6.60
Optional Center Pad Length T2 6.60
Contact Pad Spacing C1 8.00
Contact Pad Spacing C2 8.00
Contact Pad Width (X44) X1 0.35
Contact Pad Length (X44) Y1 0.85
Distance Between Pads G 0.25

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

Microchip Technology Drawing No. C04-2103B

© 2013-2014 Microchip Technology Inc. DS70000689D-page 513



dsPIC33EPXXXGM3XX/6XX/7XX

AUXCONXx (PWMx Auxiliary Control)...........cccceueeneee. 254
CHOP (PWMx Chop Clock Generator)..................... 241
CLKDIV (Clock Divisor)

CM4CON (Op Amp/Comparator 4 Control) .............. 373
CMSTAT (Op Amp/Comparator Status) ................... 370

CMxCON (Op Amp/Comparator x

Control, Xx=1,2,30r5) i
CMxFLTR (Comparator x Filter Control
CMxMSKCON (Comparator x Mask

Gating Control) .......cccoeeviieiiiiiniinie s 377
CMxMSKSRC (Comparator x Mask Source

Select CoNntrol) ....coccvveriieiiiiiiieie e 375
CORCON (Core Control).......... ... 33,122
CRCCON1 (CRC Control 1) ....ccceeeuieiieienieeieeene 407
CRCCON2 (CRC Control 2) .......ccccoveveveneieeennenenne 408
CRCXORH (CRC XOR Polynomial High)................. 409

CRCXORL (CRC XOR Polynomial Low)
CTMUCONT1 (CTMU Control Register 1)
CTMUCON2 (CTMU Control Register 2)
CTMUICON (CTMU Current Control) ..........cccceeeueeee
CVR1CON (Comparator Voltage

Reference Control 1) .......cccoviiiiieiiiniiinecee, 380
CVR2CON (Comparator Voltage

Reference Control 2) .........cccoveiviiiieiiiiiccnns 381
CxBUFPNT1 (CANXx Filters 0-3

Buffer Pointer 1)........coocoviiiniiccceeecee, 306
CxBUFPNT2 (CANKX Filters 4-7

Buffer Pointer 2)........ccocoovviiiiiicicecece, 307
CxBUFPNT3 (CANX Filters 8-11

Buffer Pointer 3)........ccociiiiiiiieeees 307
CxBUFPNT4 (CANXx Filters 12-15

Buffer Pointer 4)........ccocoovviiiiiiicicneeecee, 308
CxCFG1 (CANx Baud Rate Configuration 1)............ 304
CxCFG2 (CANx Baud Rate Configuration 2)............ 305
CxCTRL1 (CANx Control 1).......cccovveeeneneens .. 297

CxCTRL2 (CANXx Control 2).....

CxEC (CANx Transmit/Receive Error Count). ...304
CxFCTRL (CANx FIFO Control) .......ccccecvecueenn ...300
CxFEN1 (CANXx Acceptance Filter Enable 1).. ... 306
CxFIFO (CANX FIFO Status) ......c.ccceveevveeiiecniceiene 301
CxFMSKSEL1 (CANx Filters 7-0

Mask Selection 1) .......ccccoviieiiiiieiiiiieeeees 310

CxFMSKSEL2 (CANXx Filters 15-8

Mask Selection 2) ........cccocceeiiiiiiiiiiniicece,
CxINTE (CANXx Interrupt Enable)...
CxINTF (CANX Interrupt Flag) ........ccocevveeieiniiceinnne
CxRXFnEID (CANx Acceptance Filter n

Extended Identifier)..........cccooviiiiiiiiiiiicns 309
CxRXFnSID (CANx Acceptance Filter n

Standard Identifier) ..........ccccovinniiiiiiiice 309
CxRXFUL1 (CANx Receive Buffer Full 1)................. 313
CxRXFUL2 (CANx Receive Buffer Full 2)................. 313
CxRXMnEID (CANx Acceptance Filter Mask n

Extended Identifier)........c.ccceevieiiiiiiiiis 312
CxRXMnSID (CANx Acceptance Filter Mask n

Standard Identifier) ..........ccccooiniiiniiiiicie 312

CxRXOVF1 (CANx Receive Buffer Overflow 1)........ 314
CxRXOVF2 (CANx Receive Buffer Overflow 2)........ 314
CxTRmnCON (CANx TX/RX Buffer mn Control)....... 315
CxVEC (CANX Interrupt Code) ........ccccveveiiiieiniineene 299
DCICON1 (DCI Control 1)

DCICONZ2 (DCI Control 2)
DCICONS3 (DCI Control 3)
DCISTAT (DCI Status)
DEVID (DeVice ID) ......coiiiriiiiiiniieniee et

DEVREYV (Device Revision)..........ccooevvueeiiiiieenceenns 415
DMALCA (DMA Last Channel Active Status)........... 140
DMAPPS (DMA Ping-Pong Status) .........ccccccovevenen. 141

DMAPWC (DMA Peripheral Write

Collision Status).........ccoceeviieiieniieieneeee e
DMARQC (DMA Request Collision Status)
DMAXCNT (DMA Channel x Transfer Count)........... 136
DMAXCON (DMA Channel x Control)..........c.ccceeueeee 132
DMAXPAD (DMA Channel x

Peripheral Address)........ccccccvvuerneene
DMAXREQ (DMA Channel x IRQ Select)
DMAxSTAH (DMA Channel x

Start Address A, High).........cccoeiiiiiiniinen. 134
DMAXSTAL (DMA Channel x

Start Address A, LOW).....ooocviiiiiiiiiiiiiiiieeees 134
DMAXSTBH (DMA Channel x

Start Address B, High).........ccoeiviiiiiniinen. 135
DMAXSTBL (DMA Channel x

Start Address B, LOW)........cccccoviviiiiiiniinnieee. 135
DSADRH (DMA Most Recent RAM

High Address).......cooviiiiiiiiieirieee e 137
DSADRL (DMA Most Recent RAM

LOW AdAress).....c.eeevivriieieiniieeie e 137
DTRx (PWMx Dead-Time)........cccocerverieieniireienen. 246
FCLCONXx (PWMx Fault Current-Limit Control)........ 250
I2CXCON (12Cx Control).......ccccoeeeveeneieiecnieeeeeeee 283
I2CxMSK (12Cx Slave Mode Address Mask)............ 287

[2CXSTAT (I12Cx Status) .......ccceveerrieneeeeeneeee e
ICXCON1 (Input Capture x Control 1)....
ICXCON2 (Input Capture x Control 2)............ccccveee.

INDXxCNTH (Index Counter x High Word) .............. 267
INDXXCNTL (Index Counter x Low Word)....

INDXXHLD (Index Counter x Hold)..........cc.cccuvevencne 268
INTCON1 (Interrupt Control 1) ......cccovveveiviniiinnieene. 123
INTCON2 (Interrupt Control 2) ........ccceeevviriiennieenn. 125
INTCONS (Interrupt Control 3) ........oeevveeeinieernieenne 126
INTCON4 (Interrupt Control 4) ........ccccvevviriienninennn. 126
INTTREG (Interrupt Control and Status)................... 127
INTXHLDH (Interval Timerx Hold High Word)........... 272
INTXHLDL (Interval Timerx Hold Low Word)............ 272

INTXTMRH (Interval Timerx High Word) .........
INTXTMRL (Interval Timerx Low Word)....
IOCONX (PWMx I/O Control).........ccceveveveeriiennineene.
LEBCONX (Leading-Edge Blanking Control x)
LEBDLYXx (Leading-Edge Blanking Delay x) ...
MDC (PWMx Master Duty Cycle) ..........ccccuevieennenns
NVMADR (Nonvolatile Memory Lower Address)...... 107
NVMADRU (Nonvolatile Memory

Upper AdAress) .......eoeveeieinienneeiee e 107
NVMCON (Nonvolatile Memory (NVM) Control) ...... 105
NVMKEY (Nonvolatile Memory Key).........cccceeenueeen. 108
NVMSRCADRH (Nonvolatile Data Memory

Upper AdAress) ......ceovveeeirienneeiee e 108
NVMSRCADRL (Nonvolatile Data Memory

Lower AdAress) ........cceeerieeeeniieeniiiee e 109
OCxCON1 (Output Compare x Control 1)................ 224
OCxCON2 (Output Compare x Control 2)................ 226
OSCCON (Oscillator Control)

OSCTUN (FRC Oscillator Tuning).........cccceveecveeenen. 151
PADCFG1 (Pad Configuration Control)............ 387, 403
PDCx (PWMx Generator Duty Cycle)

PHASEx (PWMx Primary Phase-Shift).................... 245
PLLFBD (PLL Feedback Divisor) ...........ccccccevevennen. 150
PMADDR (Parallel Master Port Address)................. 400

PMAEN (Parallel Master Port Address Enable) ....... 401
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