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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.
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Microcontrollers"

Active
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PIC24FJ128GA204 FAMILY

24 Voltage Regulator Pins (ENVREG/
DISVREG and VCAP/VDDCORE)

Note: This section applies only to PIC24FJ
devices with an on-chip voltage regulator.

The on-chip voltage regulator enable/disable pin
(ENVREG or DISVREG, depending on the device
family) must always be connected directly to either a
supply voltage or to ground. The particular connection
is determined by whether or not the regulator is to be
used:

» For ENVREG, tie to VDD to enable the regulator,
or to ground to disable the regulator

» For DISVREG, tie to ground to enable the
regulator or to VDD to disable the regulator

Refer to Section 29.2 “On-Chip Voltage Regulator”
for details on connecting and using the on-chip
regulator.

When the regulator is enabled, a low-ESR (< 5Q)
capacitor is required on the VCAP/VDDCORE pin to
stabilize the voltage regulator output voltage. The VCAP/
VDDCORE pin must not be connected to VDD and must
use a capacitor of 10 yF connected to ground. The type
can be ceramic or tantalum. Suitable examples of
capacitors are shown in Table 2-1. Capacitors with
equivalent specifications can be used.

Designers may use Figure 2-3 to evaluate ESR
equivalence of candidate devices.

The placement of this capacitor should be close to
VCAP/VDDCORE. It is recommended that the trace
length not exceed 0.25inch (6 mm). Refer to
Section 32.0 “Electrical Characteristics” for
additional information.

When the regulator is disabled, the VCAP/VDDCORE pin
must be tied to a voltage supply at the VDDCORE level.
Refer to Section 32.0 “Electrical Characteristics” for
information on VDD and VDDCORE.

FIGURE 2-3: FREQUENCY vs. ESR
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Note: Typical data measurement at +25°C, 0V DC bias.

TABLE 2-1: SUITABLE CAPACITOR EQUIVALENTS

Make Part # Car‘:)c::iltgzlce Base Tolerance | Rated Voltage | Temp. Range
TDK C3216X7R1C106K 10 pF +10% 16V -55 to +125°C
TDK C3216X5R1C106K 10 pF +10% 16V -55 to +85°C
Panasonic ECJ-3YX1C106K 10 pF +10% 16V -55 to +125°C
Panasonic ECJ-4YB1C106K 10 uF +10% 16V -55 to +85°C
Murata GRM32DR71C106KA01L 10 pF +10% 16V -55 to +125°C
Murata GRM31CR61C106KC31L 10 pF +10% 16V -55 to +85°C

© 2013-2015 Microchip Technology Inc.
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FIGURE 3-2: PROGRAMMER’S MODEL
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Registers or bits are shadowed for PUSH. S and POP. S instructions.
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TABLE 4-4: ICN REGISTER MAP

N':r'ﬁe Addr| Bit15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8 Bit 7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0 Re‘z'ls
CNPD1 | 0056 | CN15PDE | CN14PDE | CN13PDE | CN12PDE | CN11PDE | CN10PDE(" | CNoPDE" | CNSPDE(" | CN7PDE | CN6PDE | CNSPDE | CN4PDE | CN3PDE | CN2PDE | CN1PDE | CNOPDE | 0000
CNPD2 | 0058 — CN30PDE | CN29PDE |CN28PDE(" | CN27PDE | CN26PDE( | CN25PDE(") | CN24PDE | CN23PDE | CN22PDE | CN21PDE | CN20PDE(" | cN19PDE(™ | CN18PDE( | CN17PDE(" | CN16PDE | 0000
CNPD3 [005A| — — — — — — — — — — — | cN3ePDEM | cN3sPDE™ | cN34PDEM |CN33PDE( | — 0000
CNEN1 [0062| CN15IE | CN14IE | CN13IE CN12IE CNM1IE | cN10IEM | cNaiE™ | cNsiE™ | CN7IE CNBIE CN5IE CN4IE CN3IE CN2IE CN1IE CNOIE | 0000
CNEN2 | 0064 — CN30IE | CN29IE | CN28IEM™ | CN27IE | CN26IEM) | CN25IE( | CN24IE | CN23IE | CN22IE | CN21IE | CN20IE™ | cN19IE™ | cN18IE™ | eN17IEM | CN16IE | 0000
CNEN3 | 0066 — — — — — — — — — — — CN36lE™ | CN35IEM | CN34IEM | CN33IEM — 0000
CNPU1 |006E | CN15PUE | CN14PUE | CN13PUE | CN12PUE | CN11PUE | CN10PUE(™ | CNOPUE(" | CNSPUEM | CN7PUE | CNBPUE | CNSPUE | CN4PUE | CN3PUE | CN2PUE | CN1PUE | CNOPUE | 0000
CNPU2 | 0070 — CN30PUE | CN29PUE | CN28PUE(" | CN27PUE | CN26PUE(" | CN25PUE(™ | CN24PUE | CN23PUE | CN22PUE | CN21PUE | CN20PUE( | CN19PUEM | CN18PUEM | CN17PUEM | CN16PUE | 0000
CNPU3 | 0072 — — — — — — — — — — — | cN3ePUE™ | cN3sPUE™ | CN34PUE™M | CN33PUE | — 0000
Legend: — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.

Note 1:

These bits are unimplemented in 28-pin devices, read as ‘0’.
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4.3.3 READING DATA FROM PROGRAM
MEMORY USING EDS

The upper 32 Kbytes of Data Space may optionally be
mapped into any 16K word page of the program space.
This provides transparent access of stored constant
data from the Data Space without the need to use
special instructions (i.e., TBLRDL/H).

Program space access through the Data Space occurs
when the MSb of EA is ‘1’ and the DSRPAG<9> bit is
also ‘1’. The lower 8 bits of DSRPAG are concatenated
to the Wn<14:0> bits to form a 23-bit EA to access pro-
gram memory. The DSRPAG<8> bit decides which word
should be addressed; when the bit is ‘0’, the lower word
and when ‘1’, the upper word of the program memory is
accessed.

The entire program memory is divided into 512 EDS
pages, from 200h to 3FFh, each consisting of 16K words
of data. Pages, 200h to 2FFh, correspond to the lower
words of the program memory, while 300h to 3FFh
correspond to the upper words of the program memory.

Using this EDS technique, the entire program memory
can be accessed. Previously, the access to the upper
word of the program memory was not supported.

Table 4-36 provides the corresponding 23-bit EDS
address for program memory with EDS page and
source addresses.

For operations that use PSV and are executed outside
a REPEAT loop, the MOV and MOV. D instructions will
require one instruction cycle in addition to the specified
execution time. All other instructions will require two
instruction cycles in addition to the specified execution
time.

For operations that use PSV, which are executed inside
a REPEAT loop, there will be some instances that
require two instruction cycles in addition to the
specified execution time of the instruction:

» Execution in the first iteration

» Execution in the last iteration

» Execution prior to exiting the loop due to an
interrupt

» Execution upon re-entering the loop after an
interrupt is serviced

Any other iteration of the REPEAT loop will allow the
instruction accessing data, using PSV, to execute in a
single cycle.

TABLE 4-36: EDS PROGRAM ADDRESS WITH DIFFERENT PAGES AND ADDRESSES
DSRPAG Source Address While | 23-Bit EA Pointing to Comment
(Data Space Read Register) Indirect Addressing EDS
200h 000000h to 007FFEhN
* * Lower words of 4M program
. . instructions (8 Mbytes); for
. . read operations only
2FFh 7F8000h to 7FFFFEhN
300h 8000h to FFFFh 000001h to 007FFFh
. . Upper words of 4M program
. . instructions (4 Mbytes remaining,
] . 4 Mbytes are phantom bytes); for
read operations only
3FFh 7F8001h to 7FFFFFh
000h Invalid Address Address error trap(1)
Note 1: When the source/destination address is above 8000h and DSRPAG/DSWPAG is ‘0’, an address error trap
will occur.
EXAMPLE 4-3: EDS READ CODE FROM PROGRAM MEMORY IN ASSEMBLY
; Set the EDS page from where the data to be read
mov #0x0202, w0
mov w0, DSRPAG ;page 0x202, consisting lower words, is selected for read
mov #0x000A, wl ;select the location (0x0A) to be read

bset wl, #15
;Read a byte from the selected location
mov.b [wl++], w2
mov.b [wl++], w3
;Read a word from the selected location
mov [wl], w2 ;
;Read Double - word from the selected location
mov.d [wl], w2

;set the MSB of the base address, enable EDS mode

;read Low byte
;read High byte

;two word read, stored in w2 and w3

© 2013-2015 Microchip Technology Inc.
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5.1 Summary of DMA Operations

The DMA Controller is capable of moving data between
addresses according to a number of different parame-
ters. Each of these parameters can be independently
configured for any transaction. In addition, any or all of
the DMA channels can independently perform a different
transaction at the same time. Transactions are classified
by these parameters:

» Source and destination (SFRs and data RAM)

» Data size (byte or word)

« Trigger source

» Transfer mode (One-Shot, Repeated or
Continuous)

» Addressing modes (Fixed Address or
Address Blocks with or without Address
Increment/Decrement)

In addition, the DMA Controller provides channel priority
arbitration for all channels.

5.1.1 SOURCE AND DESTINATION

Using the DMA Controller, data may be moved between
any two addresses in the Data Space. The SFR space
(0000h to 07FFh), or the data RAM space (0800h to
FFFFh) can serve as either the source or the destina-
tion. Data can be moved between these areas in either
direction or between addresses in either area. The four
different combinations are shown in Figure 5-2.

If it is necessary to protect areas of data RAM, the DMA
Controller allows the user to set upper and lower address
boundaries for operations in the Data Space above the
SFR space. The boundaries are set by the DMAH and
DMAL High/Low Address Limit registers. If a DMA
channel attempts an operation outside of the address
boundaries, the transaction is terminated and an
interrupt is generated.

5.1.2 DATA SIZE

The DMA Controller can handle both 8-bit and 16-bit
transactions. Size is user-selectable using the SIZE bit
(DMACHnN<1>). By default, each channel is configured
for word-size transactions. When byte-size transac-
tions are chosen, the LSb of the source and/or
destination address determines if the data represents
the upper or lower byte of the data RAM location.

5.1.3 TRIGGER SOURCE

The DMA Controller can use 63 of the device’s interrupt
sources to initiate a transaction. The DMA trigger
sources occur in reverse order than their natural
interrupt priority and are shown in Table 5-1.

Since the source and destination addresses for any
transaction can be programmed independently of the
trigger source, the DMA Controller can use any trigger
to perform an operation on any peripheral. This also
allows DMA channels to be cascaded to perform more
complex transfer operations.

5.14 TRANSFER MODE

The DMA Controller supports four types of data
transfers, based on the volume of data to be moved for
each trigger:

» One-Shot: A single transaction occurs for each
trigger.

» Continuous: A series of back-to-back transactions
occur for each trigger; the number of transactions
is determined by the DMACNTRN transaction
counter.

* Repeated One-Shot: A single transaction is per-
formed repeatedly, once per trigger, until the DMA
channel is disabled.

* Repeated Continuous: A series of transactions
are performed repeatedly, one cycle per trigger,
until the DMA channel is disabled.

All Transfer modes allow the option to have the source
and destination addresses, and counter value, auto-
matically reloaded after the completion of a transaction;
Repeated mode transfers do this automatically.

5.1.5 ADDRESSING MODES

The DMA Controller also supports transfers between
single addresses or address ranges. The four basic
options are:

* Fixed-to-Fixed: Between two constant addresses

» Fixed-to-Block: From a constant source address
to a range of destination addresses

» Block-to-Fixed: From a range of source
addresses to a single, constant destination
address

» Block-to-Block: From a range of source
addresses to a range of destination addresses

The option to select auto-increment or auto-decrement
of source and/or destination addresses is available for
Block Addressing modes.

In addition to the four basic modes, the DMA Controller
also supports Peripheral Indirect Addressing (PIA)
mode, where the source or destination address is gen-
erated jointly by the DMA Controller and a PIA capable
peripheral. When enabled, the DMA channel provides
a base source and/or destination address, while the
peripheral provides a fixed range offset address.

For PIC24FJ128GA204 family devices, the 12-bit A/D
Converter module is the only PIA capable peripheral.
Details for its use in PIA mode are provided in
Section 24.0 “12-Bit A/D Converter with Threshold
Detect”.

DS30010038C-page 68
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TABLE 8-2: IMPLEMENTED INTERRUPT VECTORS (CONTINUED)

Vector| IRQ VT AIVT Interrupt Bit Locations
Interrupt Source # # Address | Address Flag Enable Priority
SPI1 General 17 9 000026h | 000126h IFS0<9> IEC0<9> IPC2<6:4>
SPI1 Transmit 18 10 000028h | 000128h IFS0<10> IEC0<10> IPC2<10:8>
SPI1 Receive 66 58 000088h | 000188h IFS3<10> IEC3<10> IPC14<10:8>
SPI2 General 40 32 000054h | 000154h IFS2<0> IEC2<0> IPC8<2:0>
SPI2 Transmit 41 33 000056h | 000156h IFS2<1> IEC2<1> IPC8<6:4>
SPI2 Receive 67 59 00008Ah | 00018Ah IFS3<11> IEC3<11> IPC14<14:12>
SPI3 General 98 90 0000C8h | 0001C8h IFS5<10> IEC5<10> IPC22<10:8>
SPI3 Transmit 99 91 0000CAh | 0001CAh IFS5<11> IEC5<11> IPC22<14:12>
SPI3 Receive 68 60 000054h | 000154h IFS3<12> IEC3<12> IPC15<2:0>
Timer1 11 3 00001Ah | 00011Ah IFS0<3> IEC0<3> IPC0<14:12>
Timer2 15 7 000022h | 000122h IFS0<7> IECO<7> IPC1<14:12>
Timer3 16 8 000024h | 000124h IFS0<8> IEC0<8> IPC2<2:0>
Timer4 35 27 00004Ah | 00014Ah IFS1<11> IEC1<11> IPC6<14:12>
Timer5 36 28 00004Ch | 00014Ch IFS1<12> IEC1<12> IPC7<2:0>
UART1 Error 73 65 000096h | 000196h IFS4<1> IEC4<1> IPC16<6:4>
UART1 Receiver 19 11 00002Ah | 00012Ah IFS0<11> IEC0<11> IPC2<14:12>
UART1 Transmitter 20 12 00002Ch | 00012Ch IFS0<12> IEC0<12> IPC3<2:0>
UART2 Error 74 66 000098h | 000198h IFS4<2> IEC4<2> IPC16<10:8>
UART2 Receiver 38 30 000050h | 000150h IFS1<14> IEC1<14> IPC7<10:8>
UART2 Transmitter 39 31 000052h | 000152h IFS1<15> IEC1<15> IPC7<14:12>
UARTS Error 89 81 0000B6h | 0001B6h IFS5<1> IEC5<1> IPC20<6:4>
UART3 Receiver 90 82 0000B8h | 0001B8h IFS5<2> IEC5<2> IPC20<10:8>
UART3 Transmitter 91 83 0000BAh | 0001BAh IFS5<3> IEC5<3> IPC20<14:12>
UART4 Error 95 87 0000C2h | 0001C2h IFS5<7> IEC5<7> IPC21<14:12>
UART4 Receiver 96 88 0000C4h | 0001C4h IFS5<8> IEC5<8> IPC22<2:0>
UART4 Transmitter 97 89 0000C6h | 0001C6h IFS5<9> IEC5<9> IPC22<6:4>

DS30010038C-page 90 © 2013-2015 Microchip Technology Inc.
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REGISTER 8-11: IFS6: INTERRUPT FLAG STATUS REGISTER 6

uU-0 uU-0 u-0 u-0 u-0 R/W-0 uU-0 uU-0
— — — — — FSTIF — —
bit 15 bit 8
U-0 U-0 uU-0 uU-0 uU-0 uU-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’ = Bitis set ‘0’ = Bit is cleared x = Bit is unknown
bit 15-11 Unimplemented: Read as ‘0’
bit 10 FSTIF: FRC Self-Tune Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 9-0 Unimplemented: Read as ‘0’

REGISTER 8-12: IFS7: INTERRUPT FLAG STATUS REGISTER 7

uU-0 uU-0 uU-0 uU-0 uU-0 u-0 uU-0 uU-0
bit 15 bit 8
uU-0 uU-0 R/W-0 U-0 uU-0 uU-0 U-0 U-0
— — JTAGIF — — — — —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR 1’ = Bitis set ‘0’ = Bit is cleared x = Bit is unknown
bit 15-6 Unimplemented: Read as ‘0’
bit 5 JTAGIF: JTAG Controller Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 4-0 Unimplemented: Read as ‘0’

© 2013-2015 Microchip Technology Inc. DS30010038C-page 105
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REGISTER 11-20: RPINR29: PERIPHERAL PIN SELECT INPUT REGISTER 29

uU-0 U-0 u-0 u-0 uU-0 U-0 u-0 uU-0
bit 15 bit 8
uU-0 uU-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
— — SS3R<5:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared x = Bit is unknown
bit 15-6 Unimplemented: Read as ‘0’
bit 5-0 SS3R<5:0>: Assign SPI3 Slave Select Input (SS3IN) to Corresponding RPn or RPIn Pin bits

REGISTER 11-21: RPINR30: PERIPHERAL PIN SELECT INPUT REGISTER 30

uU-0 U-0 u-0 u-0 U-0 U-0 uU-0 uU-0
bit 15 bit 8
u-0 u-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
— — MDMIR<5:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bitis cleared x = Bit is unknown
bit 15-6 Unimplemented: Read as ‘0’
bit 5-0 MDMIR<5:0>: Assign TX Modulation Input (MDMI) to Corresponding RPn or RPIn Pin bits

© 2013-2015 Microchip Technology Inc. DS30010038C-page 185
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REGISTER 11-23: RPORO0: PERIPHERAL PIN SELECT OUTPUT REGISTER 0

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

— — RP1R5 RP1R4 RP1R3 RP1R2 RP1R1 RP1RO
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

— — RPOR5 RPOR4 RPOR3 RPOR2 RPOR1 RPORO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-14
bit 13-8

Unimplemented: Read as ‘0’

RP1R<5:0>: RP1 Output Pin Mapping bits

Peripheral Output Number n is assigned to pin, RP1 (see Table 11-4 for peripheral function numbers).
bit 7-6 Unimplemented: Read as ‘0’

bit 5-0 RPOR<5:0>: RP0O Output Pin Mapping bits

Peripheral Output Number n is assigned to pin, RPO (see Table 11-4 for peripheral function numbers).

REGISTER 11-24: RPOR1: PERIPHERAL PIN SELECT OUTPUT REGISTER 1

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

— — RP3R5 RP3R4 RP3R3 RP3R2 RP3R1 RP3R0
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

— — RP2R5 RP2R4 RP2R3 RP2R2 RP2R1 RP2R0O
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

Peripheral Output Number n is assigned to pin, RP3 (see Table 11-4 for peripheral function numbers).

bit 15-14 Unimplemented: Read as ‘0’
bit 13-8 RP3R<5:0>: RP3 Output Pin Mapping bits
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 RP2R<5:0>: RP2 Output Pin Mapping bits

Peripheral Output Number n is assigned to pin, RP2 (see Table 11-4 for peripheral function numbers).

© 2013-2015 Microchip Technology Inc.
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REGISTER 16-6:

SPIXIMSKL: SPIx INTERRUPT MASK REGISTER LOW

U-0 U-0 U-0 R/W-0 R/W-0 u-0 U-0 R/W-0
— — — FRMERREN BUSYEN — — SPITUREN
bit 15 bit 8
R/W-0 R/W-0 R/W-0 U-0 R/W-0 U-0 R/W-0 R/W-0
SRMTEN | SPIROVEN SPIRBEN — SPITBEN — SPITBFEN | SPIRBFEN
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
bit 12

Unimplemented: Read as ‘0’

FRMERREN: Enable Interrupt Events via FRMERR bit
1 = Frame error generates an interrupt event

0 = Frame error does not generate an interrupt event
BUSYEN: Enable Interrupt Events via SPIBUSY bit

1 = SPIBUSY generates an interrupt event
0 = SPIBUSY does not generate an interrupt event

bit 11

bit 10-9
bit 8

Unimplemented: Read as ‘0’
SPITUREN: Enable Interrupt Events via SPITUR bit

1 = Transmit Underrun (TUR) generates an interrupt event
0 = Transmit Underrun does not generate an interrupt event

SRMTEN: Enable Interrupt Events via SRMT bit

1 = Shift Register Empty (SRMT) generates an interrupt events
0 = Shift Register Empty does not generate an interrupt events

SPIROVEN: Enable Interrupt Events via SPIROV bit
1 = SPIx Receive Overflow generates an interrupt event

bit 7

bit 6

0 = SPIx Receive Overflow does not generate an interrupt event

bit 5 SPIRBEN: Enable Interrupt Events via SPIRBE bit

1 = SPIx RX buffer empty generates an interrupt event
0 = SPIx RX buffer empty does not generate an interrupt event

bit 4
bit 3

Unimplemented: Read as ‘0’
SPITBEN: Enable Interrupt Events via SPITBE bit
1 = SPIx transmit buffer empty generates an interrupt event

0 = SPIx transmit buffer empty does not generate an interrupt event

bit 2
bit 1

Unimplemented: Read as ‘0’
SPITBFEN: Enable Interrupt Events via SPITBF bit
1 = SPIx transmit buffer full generates an interrupt event

0 = SPIx transmit buffer full does not generate an interrupt event

bit 0 SPIRBFEN: Enable Interrupt Events via SPIRBF bit
1 = SPIx receive buffer full generates an interrupt event

0 = SPIx receive buffer full does not generate an interrupt event

DS30010038C-page 232
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NOTES:
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23.0 32-BIT PROGRAMMABLE
CYCLIC REDUNDANCY CHECK
(CRC) GENERATOR

The 32-bit programmable CRC generator provides a
hardware implemented method of quickly generating
checksums for various networking and security
applications. It offers the following features:

Note:  This data sheet summarizes the features * User-programmable CRC polynomial equation,
of this group of PIC24F devices. It is not up to 32 bits
intended to be a comprehensive reference * Programmable shift direction (little or big-endian)
source. For more informa'tion, refer to . |ndependent data and p0|ynomia| |engths
the dsPIC33/I?IC24 Family Referenc:e - Configurable interrupt output
Manual”, “32-Bit Programmable Cyclic . Data FIFO
Redundancy Check (CRC)” ala
(DS30009729). The information in this Figure 23-1 displays a simplified block diagram of the
data sheet supersedes the information in CRC generator. A simple version of the CRC shift
the FRM. engine is displayed in Figure 23-2.
FIGURE 23-1: CRC MODULE BLOCK DIAGRAM
CRCDATH CRCDATL
v
Variable FIFO FIFO Empty
(4x32, 8x16 or 16x8) Event CRCISEL
CRCWDATH CRCWDATL ot
LENDIAN
A v
Shift Buffer _ _
’/ X CRC Shift Engine Shift
Complete
4 Event
Shifter Clock
2*Fey
FIGURE 23-2: CRC SHIFT ENGINE DETAIL
CRC Shift Engine CRCWDATH CRCWDATL
A
Read/Write Bus
X0 X1 Xn(")
A A y
Shift Buffer
Data Bit 0 Bit1 | T T T T Bit n(" —‘
Note 1: n=PLEN<4:1>+ 1.
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FIGURE 24-4:

12-BIT A/D TRANSFER FUNCTION

Output Code
(Binary (Decimal))

v

1111
1111

0010
0010
0010
0010
0001
0001
0001

1111 1111 (4095)
1111 1110 (4094)

0000
0000
0000
0000
1111
1111

0011 (2051)
0010 (2050)
0001 (2049)

1111 (2047)

1110 (2046)
5

(
(
(
0000 (2048)
(
(
(

1111 1101 (2045)

0000 0000 0001 (1) =+ =+
0000 0000 0000 (0)

Voltage Level —p

4096

(VINH — VINL)

4095 * (Vg4 — VR )
4096

VR +
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REGISTER 27-2:

bit 5-2

bit 1-0

Note 1:

EDG2SEL<3:0>: Edge 2 Source Select bits

1111 = Edge 2 source is Comparator 3 output
1110 = Edge 2 source is Comparator 2 output
1101 = Edge 2 source is Comparator 1 output
1100 = Unimplemented; do not use

1011 = Edge 2 source is IC3

1010 = Edge 2 source is IC2

1001 = Edge 2 source is IC1

1000 = Edge 2 source is CTED13

0111 = Edge 2 source is CTED12

0110 = Edge 2 source is CTED11

0101 = Edge 2 source is CTED10

0100 = Edge 2 source is CTED9

0011 = Edge 2 source is CTED1

0010 = Edge 2 source is CTED2

0001 = Edge 2 source is OC1

0000 = Edge 2 source is Timer1

Unimplemented: Read as ‘0’

Edge source, CTED?7, is not available in 28-pin packages.

CTMUCON2: CTMU CONTROL REGISTER 2 (CONTINUED)

DS30010038C-page 344
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28.0 HIGH/LOW-VOLTAGE DETECT

(HLVD)

Note:

This data sheet summarizes the features of
this group of PIC24F devices. It is not
intended to be a comprehensive reference
source. For more information on the
High/Low-Voltage Detect, refer to the
“dsPIC33/PIC24  Family  Reference
Manual”, “High-Level Integration with
Programmable High/Low-Voltage Detect
(HLVD)” (DS39725).

FIGURE 28-1:

The High/Low-Voltage Detect (HLVD) module is a
programmable circuit that allows the user to specify
both the device voltage trip point and the direction of
change.

An interrupt flag is set if the device experiences an
excursion past the trip point in the direction of change.
If the interrupt is enabled, the program execution will
branch to the interrupt vector address and the software
can then respond to the interrupt.

The HLVD Control register (see Register 28-1)
completely controls the operation of the HLVD module.
This allows the circuitry to be “turned off” by the user

HIGH/LOW-VOLTAGE DETECT (HLVD) MODULE BLOCK DIAGRAM

Externally Generated
Trip Point

|

D]

|
| I
HLVDIN | HLVDL<3:0> |
I ; I
I I
I I
| HLVDEN  VDIR |
| .. |
. . X
| 5 Set |
| = \ ) > HLVDIF, |
e
| 9 2 |
I I
I I
| Internal Voltage |
Reference
| 1.20V Typical |
I I
I I
I I
| HLVDEN *| |
I 1 I
Lo 1

A |
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30.0 DEVELOPMENT SUPPORT

The PIC® microcontrollers (MCU) and dsPIC® digital
signal controllers (DSC) are supported with a full range
of software and hardware development tools:
* Integrated Development Environment

- MPLAB® X IDE Software
» Compilers/Assemblers/Linkers

- MPLAB XC Compiler

- MPASM™ Assembler

- MPLINK™ Object Linker/
MPLIB™ Object Librarian

- MPLAB Assembler/Linker/Librarian for
Various Device Families

» Simulators
- MPLAB X SIM Software Simulator
* Emulators
- MPLAB REAL ICE™ In-Circuit Emulator
* In-Circuit Debuggers/Programmers
- MPLABICD 3
- PICkit™ 3
* Device Programmers
- MPLAB PM3 Device Programmer

* Low-Cost Demonstration/Development Boards,
Evaluation Kits and Starter Kits

 Third-party development tools

30.1 MPLAB X Integrated Development
Environment Software

The MPLAB X IDE is a single, unified graphical user
interface for Microchip and third-party software, and
hardware development tool that runs on Windows®,
Linux and Mac OS® X. Based on the NetBeans IDE,
MPLAB X IDE is an entirely new IDE with a host of free
software components and plug-ins for high-
performance application development and debugging.
Moving between tools and upgrading from software
simulators to hardware debugging and programming
tools is simple with the seamless user interface.

With complete project management, visual call graphs,
a configurable watch window and a feature-rich editor
that includes code completion and context menus,
MPLAB X IDE is flexible and friendly enough for new
users. With the ability to support multiple tools on
multiple projects with simultaneous debugging, MPLAB
X IDE is also suitable for the needs of experienced
users.

Feature-Rich Editor:

+ Color syntax highlighting

* Smart code completion makes suggestions and
provides hints as you type

» Automatic code formatting based on user-defined
rules

« Live parsing
User-Friendly, Customizable Interface:

* Fully customizable interface: toolbars, toolbar
buttons, windows, window placement, etc.

 Call graph window

Project-Based Workspaces:

* Multiple projects

* Multiple tools

» Multiple configurations

+ Simultaneous debugging sessions

File History and Bug Tracking:

* Local file history feature
+ Built-in support for Bugzilla issue tracker

© 2013-2015 Microchip Technology Inc.
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TABLE 32-13: COMPARATOR DC SPECIFICATIONS

Operating Conditions: -40°C < TA < +85°C for Industrial

-40°C < TA < +125°C for Extended

P:lr:m Symbol Characteristic Min Typ Max Units Comments

D300 |VIOFF Input Offset Voltage — 20 140 mV | (Note 1)

D301 VIicMm Input Common-Mode Voltage 0 — VDD \Y, (Note 1)

D302 CMRR Common-Mode Rejection 55 — — dB |(Note 1)
Ratio

D306 lacmpP AVDD Quiescent Current per — 27 — us | Comparator enabled
Comparator

D307 |TRESP Response Time — 300 — ns |(Note 2)

D308 Tmc2ov | Comparator Mode Change to — — 10 us
Valid Output

Note 1: Parameters are characterized but not tested.

2: Measured with one input at VDD/2 and the other transitioning from Vss to VDb, 40 mV step, 15 mV overdrive.

TABLE 32-14: COMPARATOR VOLTAGE REFERENCE DC SPECIFICATIONS

Operating Conditions: 2.0V < VDD < 3.6V
Operating temperature -40°C < TA < +85°C for Industrial

-40°C < TA < +125°C for Extended

P:lr:m Symbol Characteristic Min Typ Max | Units Comments
VR310 |[TsET Settling Time — — 10 us | (Note 1)
VRD311 | CVRAA Absolute Accuracy -100 — 100 mV
VRD312 | CVRUR Unit Resistor Value (R) — 4.5 — kQ
Note 1: Measures the interval while CVR<4:0> transitions from ‘11111’ to ‘00000’

© 2013-2015 Microchip Technology Inc.
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TABLE 32-26: RC OSCILLATOR START-UP TIME

Standard Operating Conditions: 2.0V to 3.6V (unless otherwise stated)
AC CHARACTERISTICS Operating temperature  -40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended

P:':m Symbol Characteristic Min Typ Max Units Conditions
FRO |TFRC |FRC Oscillator Start-up — 15 — us

Time
FR1 |TLPRC |Low-Power RC Oscillator — 50 — us

Start-up Time
FIGURE 32-8: CLKO AND 1/0O TIMING CHARACTERISTICS

1/0 Pin >< ><
(Input) ' }

DI35
D140
/O Pin Old Value X New Value
(Output) )
—. .= DO31
D032
Note: Refer to Figure 32-2 for load conditions.

TABLE 32-27: CLKO AND I/O TIMING REQUIREMENTS

Standard Operating Conditions: 2.0V to 3.6V (unless otherwise stated)
AC CHARACTERISTICS Operating temperature -40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended

Pi{:m Symbol Characteristic Min Typ'" Max Units Conditions
DO31 |TiIoR Port Output Rise Time — 10 25 ns
D032 |TioF Port Output Fall Time — 10 25 ns
DI35 |TINP INTx Pin High or Low 20 — — ns

Time (input)
DI40 |TrBP CNxx High or Low Time 2 — — Tey

(input)

Note 1: Data in the “Typ” column is at 3.3V, +25°C unless otherwise stated.
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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicity or otherwise, under any Microchip
intellectual property rights.
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