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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
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37
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FLASH

512x8
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2V ~ 5V
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Internal
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Surface Mount
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PIC24FV16KM204 FAMILY

Pin Diagrams (Continued)

Pin Features

3
=

44-Pin TQFP/QFN®
PIC24FXXKMX04 PIC24FVXXKMX04

AN21/SDA1/T1CK/UTRTS/U1BCLK/IC2/0C4/CLC10/CTED4/CN21/RB9
U1RX/OC2C/CN18/RCE

U1TX/OC2D/CN17/RC7

OC2E/CN20/RC8

IC4/OC2F/CTED7/CN19/RCY

IC1/0C5/CLC20/CTED3/CNY/RA7
C20UT/OC1A/CTED1/INT2/CN8/RAG VCAP or VDDCORE
PGED2/SDI1/0C1C/CTED11/CN16/RB10

RO1 PGEC2/SCK1/0C2A/CTED9/CN15/RB11

RCO DAC10OUT/AN12/HLVDIN/OC2B/CTED2/ DAC10UT/AN12/HLVDIN/OC2B/CTED2/INT2/
RB3 CN14/RB12 CN14/RB12

RBZ 41 | 0A1INC/OA2INC/AN11/SDO1/OC1D/CTPLS/CN13/RB13
12 |IC5/0C3AICN35/RA10
13 |IC3/0C3B/CTEDS/CN36/RA11

14 | DAC20UT/CVREF/OA1IND/OA2IND/AN10/C3INB/RTCC/C10UT/OCFA/CTEDS/INT1/CN12/
RB14

15 | DAC2REF+/OA20UT/AN9/C3INA/REFO/SS1/TCKIA/CTEDS/CN11/RB15
16 |AVss

17 |Avbp

18 |MCLR/VPP/RA5

19 | CVREF+/VREF+/DAC1REF+/ANO/C3INC/CN2/ | CVREF+/VREF+/DAC1REF+/ANO/C3INC/
RAO CTED1/CN2/RAO

20 | CVREF-VREF/ANT/CN3/RAT
21 | PGED1/AN2/CTCMP/ULPWU/C1IND/C2INB/C3IND/U2TX/CN4/RBO
22 | PGEC1/OATINA/OA2INA/ANZ/CTING/C2INA/U2RX/CTED12/CN5/RB1
23 | OA1INB/OA2INB/AN4/C1INB/C2IND/SDA2/TCKIB/CTED13/CN6/RB2
24 | OATOUT/ANS/C1INA/C2INC/SCL2/CN7/RB3
25 | ANS6/CN32/RCO
26 | AN7/CN31/RC1
27 | ANSICN10/RC2
28 |Vobp
29 |vss
30 | OSCI/CLKI/AN13/CN30/RA2
31 | OSCO/CLKO/AN14/CN29/RA3
32 | OCFBICN33/RA8
33 | SOSCI/AN15/U2RTS/U2BCLK/CN1/RB4
34 | SOSCO/SCLKI/AN16/PWRLCLK/U2CTS/CNO/RA4
35 |SS2/CN34/RA9
36 | SDI2ICN28/RC3
37 |SDO2/CN25/RC4
38 | SCK2/CN26/RC5
Legend: Values in red indicate pin 39 |Vss
function differences between |40 |vop
PIC24F(V)XXKM202 and 41 |PGED3/AN17/ASDA1/OC1E/CLCINA/CN27/RB5
PIC24F(V)XXKM102 devices. |45 |PGEC3/AN18/ASCL1/OCIF/CLCINB/CN24/RB6
Note 1: Exposed pad on underside of |43 | AN19/INTO/CN23/RB7 AN19/C20UT/OC1AIINTO/CN23/RB7
device is connected to VSS. [/ ™1 (o 0/SC 1/01CTS/C30UT/OC1B/CTED0/CN22/RBS

RB5

44| RB8
43 | RB7
42 | RB6
41

401 Vop

391 vss

38| RC5
37 | RC4
36 RC3
351 RA9
34 | RA4

RB9
RC6
RC7
RC8
RC9
RA7
RAG
RB10,
RB11
RB12
RB13]

33| RB4
32| RA8
311 RA3
301 RA2
PIC24FXXKMX04 291 Vss
VDD
RC2

o

2O |0 |N[fo|a|h|[W|N|=

220N ORWON-= @
o

RA10 |12 ©
RA11 113

NN NDNDN
wWwh oo~

RB14 |14
RB15 |15
AVsS 116
AVDD |17
MCLR/RA5 |18
RAO 19
RA1 120
RBO J21
RB1 |22
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TABLE 1-3: DEVICE FEATURES FOR THE PIC24FV16KM204 FAMILY
< < N N
o o o o
N AN AN AN
= = = =
v v v v
< 2 g 2

Features N S g S

o o o o
< < < <
N N N N
Q S S} S}
a o o o

Operating Frequency DC-32 MHz

Program Memory (bytes) 16K 8K 16K 8K

Program Memory (instructions) 5632 2816 5632 2816

Data Memory (bytes) 2048

Data EEPROM Memory (bytes) 512

Interrupt Sources (soft vectors/NMI traps) 40 (36/4)

Voltage Range 2.0-5.5V

I/0 Ports PORTA<11 :7,.5:0> PORTA<7,5:0>
PORTB<15:0> PORTB<15:0>
PORTC<9:0> '
Total I/O Pins 37 23
Timers 11

(One 16-bit timer, five MCCPs/SCCPs with up to two 16/32 timers each)

Capture/Compare/PWM modules

MCCP 3
SCCP 2
Serial Communications
MSSP 2
UART 2
Input Change Notification Interrupt 36 22
12-Bit Analog-to-Digital Module
. 22 19
(input channels)
Analog Comparators
8-Bit Digital-to-Analog Converters 2
Operational Amplifiers 2
Charge Time Measurement Unit (CTMU) Yes
Real-Time Clock and Calendar (RTCC) Yes
Configurable Logic Cell (CLC) 2

Resets (and delays)

POR, BOR, RESET Instruction, MCLR, WDT, lllegal Opcode,
REPEAT Instruction, Hardware Traps, Configuration Word Mismatch
(PWRT, OST, PLL Lock)

Instruction Set

76 Base Instructions, Multiple Addressing Mode Variations

Packages

44-Pin QFN/TQFP, 28-Pin
48-Pin UQFN SPDIP/SSOP/SOIC/QFN

© 2013 Microchip Technology Inc.
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TABLE 1-5: PIC24FV16KM204 FAMILY PINOUT DESCRIPTION (CONTINUED)
= FV
Pin Number Pin Number
Function 20-Pin | 28-Pin ) 20-Pin | 28-Pin ) /10 | Buffer Description

PDIP/ | PDIP/ | 28-Pin 43:7\'17 48-Pin | PDIP/ | PDIP/ | 28-Pin 43:7\;;' 48-Pin

SSOP/ | SSOP/ | QFN | oo | UQFN | SSOP/ | SSOP/ | QFN | ropp | UQFN

SOIC SOIC SOIC SOIC
OSCl 7 9 6 30 33 7 9 6 30 33 | ANA  |Primary Oscillator Input
0Ssco 8 10 7 31 34 8 10 7 31 34 (0] ANA  |Primary Oscillator Output
PGEC1 5 5 2 22 24 5 5 2 22 24 /0 ST |ICSP Clock 1
PGED1 4 4 1 21 23 4 4 1 21 23 110 ST |ICSP Data 1
PGEC2 2 22 19 9 10 2 22 19 9 10 lfe} ST |ICSP Clock 2
PGED2 3 21 18 8 9 3 21 18 8 9 lfe} ST |ICSP Data 2
PGEC3 10 15 12 42 46 10 15 12 42 46 lfe} ST |[ICSP Clock 3
PGED3 9 14 11 41 45 9 14 11 41 45 lfe} ST |[ICSP Data 3
PWRLCLK 10 12 9 34 37 10 12 9 34 37 | ST |RTCC Power Line Clock Input
RAO 2 2 27 19 21 2 2 27 19 21 110 ST |PORTA Pins
RA1 3 3 28 20 22 3 3 28 20 22 lfe} ST |PORTA Pins
RA2 7 9 6 30 33 7 9 6 30 33 110 ST |PORTA Pins
RA3 8 10 7 31 34 8 10 7 31 34 110 ST |PORTA Pins
RA4 10 12 9 34 37 10 12 9 34 37 lfe} ST |PORTA Pins
RA5 1 1 26 18 19 1 1 26 18 19 110 ST |PORTA Pins
RA6 14 20 17 7 7 — — — — — 110 ST |PORTA Pins
RA7 — 19 16 6 6 — 19 16 6 6 110 ST |PORTA Pins
RA8 — — — 32 35 — — — 32 35 110 ST |PORTA Pins
RA9 — — — 35 38 — — — 35 38 110 ST |PORTA Pins
RA10 — — — 12 13 — — — 12 13 110 ST |PORTA Pins
RA11 — — — 13 14 — — 13 14 110 ST |PORTA Pins
RBO 4 4 1 21 23 4 4 1 21 23 110 ST |PORTB Pins
RB1 5 5 2 22 24 5 5 2 22 24 lfe} ST |PORTB Pins
RB2 6 6 3 23 25 6 6 3 23 25 lfe} ST |PORTB Pins
RB3 — 7 4 24 26 — 7 4 24 26 110 ST |PORTB Pins
RB4 9 11 8 33 36 9 11 8 33 36 110 ST |PORTB Pins
RB5 — 14 11 41 45 — 14 11 41 45 lfe} ST |PORTB Pins
RB6 — 15 12 42 46 — 15 12 42 46 lfe} ST |PORTB Pins
RB7 11 16 13 43 47 11 16 13 43 47 110 ST |PORTB Pins
RB8 12 17 14 44 48 12 17 14 44 48 110 ST |PORTB Pins

Legend:  ANA = Analog level input/output, ST = Schmitt Trigger input buffer, [2C™ = |2C/SMBus input buffer

ATINVYA ¥OZINAHITAIYZOId
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422 DATA MEMORY ORGANIZATION

AND ALIGNMENT

To maintain backward compatibility with PIC® devices
and improve Data Space memory usage efficiency, the
PIC24F instruction set supports both word and byte
operations. As a consequence of byte accessibility, all
EA calculations are internally scaled to step through
word-aligned memory. For example, the core recog-
nizes that Post-Modified Register Indirect Addressing
mode [Ws++] will result in a value of Ws + 1 for byte
operations and Ws + 2 for word operations.

Data byte reads will read the complete word, which
contains the byte, using the LSB of any EA to
determine which byte to select. The selected byte is
placed onto the LSB of the data path. That is, the data
memory and the registers are organized as two
parallel, byte-wide entities with shared (word) address
decode, but separate write lines. Data byte writes only
write to the corresponding side of the array or register,
which matches the byte address.

All word accesses must be aligned to an even address.
Misaligned word data fetches are not supported, so
care must be taken when mixing byte and word
operations, or translating from 8-bit MCU code. If a mis-
aligned read or write is attempted, an address error
trap will be generated. If the error occurred on a read,
the instruction underway is completed; if it occurred on
a write, the instruction will be executed, but the write
will not occur. In either case, a trap is then executed,
allowing the system and/or user to examine the
machine state prior to execution of the address Fault.

All byte loads into any W register are loaded into the
LSB; the MSB is not modified.

A Sign-Extend (SE) instruction is provided to allow the
users to translate 8-bit signed data to 16-bit signed
values. Alternatively, for 16-bit unsigned data, users
can clear the MSB of any W register by executing a
Zero-Extend (ZE) instruction on the appropriate

Although most instructions are capable of operating on
word or byte data sizes, it should be noted that some
instructions operate only on words.

423 NEAR DATA SPACE

The 8-Kbyte area between 0000h and 1FFFh is referred
to as the Near Data Space. Locations in this space are
directly addressable via a 13-bit absolute address field
within all memory direct instructions. The remainder of
the Data Space is addressable indirectly. Additionally,
the whole Data Space is addressable using MOV instruc-
tions, which support Memory Direct Addressing (MDA)
with a 16-bit address field. For PIC24FV16KM204 family
devices, the entire implemented data memory lies in
Near Data Space (NDS).

424 SFR SPACE

The first 2 Kbytes of the Near Data Space, from 0000h
to 07FFh, are primarily occupied with Special Function
Registers (SFRs). These are used by the PIC24F core
and peripheral modules for controlling the operation of
the device.

SFRs are distributed among the modules that they
control and are generally grouped together by that
module. Much of the SFR space contains unused
addresses; these are read as ‘0’. The SFR space,
where the SFRs are actually implemented, is provided
in Table 4-2. Each implemented area indicates a
32-byte region where at least one address is
implemented as an SFR. A complete listing of
implemented SFRs, including their addresses, is
provided in Table 4-3 through Table 4-26.

address.
TABLE 4-2: IMPLEMENTED REGIONS OF SFR DATA SPACE
SFR Space Address
xx00 xx20 xx40 xx60 xx80 XXA0 xxCO xXEO

000h Core ICN Interrupts —
100h Timers CLC MCCP/SCCP

200h MSSP UART Op Amp DAC — — /0

300h A/D/CMTU — — — —
400h — — — — — — — ANSEL
500h — — — — — — — —
600h — RTCC/Comp — Band Gap —

700h — — System/ NVM/PMD — — — —

HLVD
Legend: — = No implemented SFRs in this block.

DS30003030B-page 44
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TABLE 4-5:

INTERRUPT CONTROLLER REGISTER MAP

File Name | Addr. | Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 | Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Rtgltlets
INTCON1 80h | NSTDIS — — — — — — — — — — MATHERR | ADDRERR| STKERR | OSCFAIL — 0000
INTCON2 | 82h | ALTIVT DISI — — — — — — — — — — — INT2EP INT1EP INTOEP 0000
IFSO 84h | NVMIF — AD1IF | U1TXIF | UIRXIF — — CCT2IF |CCT1IF| CCP4IF CCP3IF — T1IF CCP2IF CCP1IF INTOIF 0000
IFS1 86h | U2TXIF | U2RXIF | INT2IF | CCT4IF | CCT3IF — — — — CCPS5IF — INT1IF CNIF CMIF BCL1IF SSP1IF 0000
IFS2 88h — — — — — — CCT5IF — — — — — — — — — 0000
IFS3 8Ah — RTCIF — — — — — — — — — — — BCL2IF SSP2IF — 0000
IFS4 8Ch | DAC2IF | DAC1IF | CTMUIF — — — — HLVDIF — — — — — U2ERIF U1ERIF — 0000
IFS5 8Eh — — — — — — — — — — — — — — — ULPWUIF | 0000
IFS6 90h — — — — — — — — — — — — — — CLC2IF CLC1IF 0000
IECO 94h | NVMIE — AD1IE | U1TXIE [U1RXIE — — CCT2IE |[CCT1IE| CCP4IE CCP3IE — T1IE CCP2IE CCP1IE INTOIE 0000
IEC1 96h | U2TXIE | U2RXIE | INT2IE | CCT4IE | CCT3IE — — — — CCP5IE — INT1IE CNIE CMIE BCL1IE SSP1IE 0000
IEC2 98h — — — — — — CCT5IE — — — — — — — — — 0000
IEC3 9Ah — RTCIE — — — — — — — — — — — BCL2IE SSP2IE — 0000
IEC4 9Ch | DAC2IE | DAC1IE | CTMUIE — — — — HLVDIE — — — — — U2ERIE U1ERIE — 0000
IEC5 9Eh — — — — — — — — — — — — — — — ULPWUIE | 0000
IEC6 AOh — — — — — — — — — — — — — — CLC2IE CLC1IE 0000
IPCO Adh — T1IP2 T1IP1 T1IPO — CCP2IP2|CCP2IP1 |CCP2IPO| — CCP1IP2 | CCP1IP1 | CCP1IPO — INTOIP2 INTOIP1 INTOIPO 4444
IPC1 ABh — CCT1IP2|CCT1IP1|CCT1IPO — CCP4IP2 | CCP4IP1 |CCP4IPO| — CCP3IP2 | CCP3IP1 | CCP3IPO — — — — 4440
IPC2 A8h — U1RXIP2|U1RXIP1|U1RXIPO — — — — — — — — — CCT2IP2 | CCT2IP1 | CCT2IPO | 4004
IPC3 AAh — NVMIP2 | NVMIP1 | NVMIPO — — — — — AD1IP2 AD1IP1 AD1IPO — U1TXIP2 | U1TXIP1 | U1TXIPO | 4044
IPC4 ACh — CNIP2 | CNIP1 CNIPO — CMIP2 | CMIP1 | CMIPO — BCL1IP2 | BCL1IP1 | BCL1IPO — SSP1IP2 | SSP1IP1 | SSP1IP0 | 4444
IPC5 AEh — — — — — CCP5IP2|CCP5IP1 [CCP5IPO| — — — — — INT1IP2 INT1IP1 INT1IPO 0404
IPC6 BOh — CCT3IP2| CCT3IP1|CCT3IPO — — — — — — — — — — — — 4000
IPC7 B2h — U2TXIP2 | U2TXIP1 | U2TXIPO — U2RXIP2|U2RXIP1|U2RXIPO| — INT2IP2 INT2IP1 INT2IPO — CCT4IP2 | CCT4IP1 | CCT4IPO | 4444
IPC10 B8h — — — — — — — — — CCT5IP2 | CCT5IP1 | CCT5IPO — — — — 0040
IPC12 BCh — — — — — BCL2IP2 | BCL2IP1 | BCL2IPO — SSP2IP2 | SSP2IP1 | SSP2IPO — — — — 0440
IPC15 C2h — — — — — RTCIP2 | RTCIP1 | RTCIPO — — — — — — — — 0400
IPC16 C4h — — — — — U2ERIP2|U2ERIP1|U2ERIPO| — U1ERIP2 | U1ERIP1 | U1ERIPO — — — — 0440
IPC18 C8h — — — — — — — — — — — — — HLVDIP2 | HLVDIP1 | HLVDIPO | 0004
IPC19 CAh — DAC2IP2|DAC2IP1|DAC2IPO — DAC1IP2|DAC1IP1|DAC1IPO| — CTMUIP2 | CTMUIP1 | CTMUIPO — — — — 4440
IPC20 CCh — — — — — — — — — — — — — ULPWUIP2 | ULPWUIP1 |ULPWUIPO| 0004
IPC24 D4h — — — — — — — — — CLC2IP2 | CLC2IP1 | CLC2IPO — CLC1IP2 | CLC1IP1 | CLC1IPO | 0044
INTTREG | EOh |[CPUIRQ — VHOLD — ILR3 ILR2 ILR1 ILRO — | VECNUM6 | VECNUMS | VECNUM4 | VECNUM3 | VECNUM2 | VECNUM1 | VECNUMO | 0000
Legend: x =unknown, u = unchanged, — = unimplemented, q = value depends on condition, r = reserved.
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4.3.3 READING DATA FROM PROGRAM
MEMORY USING PROGRAM SPACE
VISIBILITY

The upper 32 Kbytes of Data Space may optionally be
mapped into a 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
if the MSb of the Data Space, EA, is ‘1’ and PSV is
enabled by setting the PSV bit in the CPU Control
(CORCON<2>) register. The location of the program
memory space to be mapped into the Data Space is
determined by the Program Space Visibility Page
Address register (PSVPAG). This 8-bit register defines
any one of 256 possible pages of 16K words in program
space. In effect, PSVPAG functions as the upper 8 bits
of the program memory address, with the 15 bits of the
EA functioning as the lower bits.

By incrementing the PC by 2 for each program memory
word, the lower 15 bits of Data Space addresses
directly map to the lower 15 bits in the corresponding
program space addresses.

Data reads from this area add an additional cycle to the
instruction being executed, since two program memory
fetches are required.

Although each Data Space address, 8000h and higher,
maps directly into a corresponding program memory
address (see Figure 4-7), only the lower 16 bits of the

FIGURE 4-7:

24-bit program word are used to contain the data. The
upper 8 bits of any program space locations used as data
should be programmed with ‘1111 1111’ or ‘0000 0000’
to force a NOP. This prevents possible issues should the
area of code ever be accidentally executed.

Note:  PSV access is temporarily disabled during
Table Reads/Writes.

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.

PROGRAM SPACE VISIBILITY OPERATION

When CORCON<2> =1 and EA<15> = 1:

Program Space
PSVPAG 23 15

g

The data in the page
designated by
PSVPAG is mapped
into the upper half of
the data memory
space....

0
000000h

002BFEh

800000h

Data Space

0000h Data EA<14:0>

g 8000h

\A< PSV Area

...while the lower 15 bits
of the EA specify an exact
address within the PSV
— FFFFh area. This corresponds
exactly to the same lower
15 bits of the actual
program space address.
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7.0 RESETS

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 Resets,
refer to the “PIC24F Family Reference
Manual’, “Reset with Programmable

Brown-out Reset” (DS39728).

The Reset module combines all Reset sources and
controls the device Master Reset Signal, SYSRST. The
following is a list of device Reset sources:

* POR: Power-on Reset

¢ MCLR: Pin Reset

* SWR: RESET Instruction

* WDTR: Watchdog Timer Reset

* BOR: Brown-out Reset

* LPBOR: Low-Power BOR

* TRAPR: Trap Conflict Reset

* IOPUWR: lllegal Opcode Reset

* UWR: Uninitialized W Register Reset

A simplified block diagram of the Reset module is
shown in Figure 7-1.

Any active source of Reset will make the SYSRST
signal active. Many registers associated with the CPU
and peripherals are forced to a known Reset state.
Most registers are unaffected by a Reset; their status is
unknown on Power-on Reset (POR) and unchanged by
all other Resets.

Note: Refer to the specific peripheral or
Section 3.0 “CPU” of this data sheet for
register Reset states.

All types of device Reset will set a corresponding status
bit in the RCON register to indicate the type of Reset
(see Register 7-1). A Power-on Reset will clear all bits
except for the BOR and POR bits (RCON<1:0>) which
are set. The user may set or clear any bit at any time
during code execution. The RCON bits only serve as
status bits. Setting a particular Reset status bit in
software will not cause a device Reset to occur.

The RCON register also has other bits associated with
the Watchdog Timer (WDT) and device power-saving
states. The function of these bits is discussed in other
sections of this manual.

Note:  The status bits in the RCON register
should be cleared after they are read so
that the next RCON register value after a
device Reset will be meaningful.

FIGURE 7-1: RESET SYSTEM BLOCK DIAGRAM
RESET
Instruction
: b- Glitch Filter
MCLR
WDT
Module
Sleep or Idle g
VDD Rise POR
Detect | SYSRST
BOREN<1:0> VDD
0 00 Brown-out BOR
SBOREN 01 Reset
(RCON<13>)
SLEEP 10 Enable Voltage Regulator
1 1 PIC24FV16KMXXX (only)

Configuration Mismatch

Trap Conflict

lllegal Opcode

Uninitialized W Register

© 2013 Microchip Technology Inc.
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REGISTER 8-1: SR: ALU STATUS REGISTER

u-0 u-0 u-0 u-0 u-0 u-0 u-0 R-0, HSC
— — — — — — — pc®
bit 15 bit 8

R/W-0, HSC R/W-0,HSC R/W-0,HSC R-0,HSC R/W-0,HSC R/W-0,HSC R/W-0,HSC R/W-0, HSC

IPL2(23) IPL1(23) IPLO?3) RAM N ov® z® c®
bit 7 bit 0
Legend: HSC = Hardware Settable/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 15-9 Unimplemented: Read as ‘0’
bit 7-5 IPL<2:0>: CPU Interrupt Priority Level Status bits(3)

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

101 = CPU Interrupt Priority Level is 5 (13)

100 = CPU Interrupt Priority Level is 4 (12)

011 = CPU Interrupt Priority Level is 3 (11)

010 = CPU Interrupt Priority Level is 2 (10)

001 = CPU Interrupt Priority Level is 1 (9)

000 = CPU Interrupt Priority Level is 0 (8)

Note 1. See Register 3-1 for the description of these bits, which are not dedicated to interrupt control functions.

2:  The IPL<2:0> bits are concatenated with the IPL3 bit (CORCON<3>) to form the CPU Interrupt Priority
Level. The value in parentheses indicates the Interrupt Priority Level if IPL3 = 1.

3:  The IPLx Status bits are read-only when NSTDIS (INTCON1<15>) = 1.

Note: Bit 8 and bits 4 through 0 are described in Section 3.0 “CPU". I
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REGISTER 8-4: INTCONZ2: INTERRUPT CONTROL REGISTER 2
R/W-0 R-0, HSC u-0 u-0 u-0 U-0 U-0
ALTIVT DISI — — — — —
bit 15 bit 8
uU-0 uU-0 U-0 U-0 U-0 R/W-0 R/W-0
— — — — — INT1EP INTOEP
bit 7 bit 0
Legend: HSC = Hardware Settable/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

bit 14

bit 13-3
bit 2

bit 1

bit 0

ALTIVT: Enable Alternate Interrupt Vector Table bit

1 = Uses Alternate Interrupt Vector Table (AIVT)

0 = Uses standard (default) Interrupt Vector Table (IVT)
DISI: DI Sl Instruction Status bit

1 = DI SI instruction is active
0 =Dl Sl instruction is not active

Unimplemented: Read as ‘0’

INT2EP: External Interrupt 2 Edge Detect Polarity Select bit
1 = Interrupt is on the negative edge

0 = Interrupt is on the positive edge

INTL1EP: External Interrupt 1 Edge Detect Polarity Select bit
1 = Interrupt is on the negative edge

0 = Interrupt is on the positive edge

INTOEP: External Interrupt O Edge Detect Polarity Select bit

1 = Interrupt is on the negative edge
0 = Interrupt is on the positive edge

DS30003030B-page 92
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REGISTER 8-6: IFS1: INTERRUPT FLAG STATUS REGISTER 1

R/W-0, HS R/W-0, HS R/W-0, HS R/W-0, HS R/W-0, HS u-0 u-0 u-0
U2TXIF U2RXIF INT2IF CCT4IF CCT3IF — — —
bit 15 bit 8
uU-0 R/W-0, HS u-0 R/W-0, HS R/W-0, HS R/W-0, HS R/W-0, HS R/W-0, HS
— CCPS5IF — INT1IF CNIF CMIF BCL1IF SSP1IF
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 U2TXIF: UART2 Transmitter Interrupt Flag Status bit

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

bit 14 U2RXIF: UART2 Receiver Interrupt Flag Status bit

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

bit 13 INT2IF: External Interrupt 2 Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 12 CCTA4IF: Capture/Compare 4 Timer Interrupt Flag Status bit

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

bit 11 CCT3IF: Capture/Compare 3 Timer Interrupt Flag Status bit

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

bit 10-7 Unimplemented: Read as ‘0’
bit 6 CCP5IF: Capture/Compare 5 Event Interrupt Flag Status bit

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

bit 5 Unimplemented: Read as ‘0’
bit 4 INT1IF: External Interrupt 1 Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 3 CNIF: Input Change Notification Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 2 CMIF: Comparator Interrupt Flag Status Bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 1 BCL1IF: MSSP1 I2C™ Bus Collision Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 0 SI2C1IF; MSSP1 SPI/I2C Event Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred
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REGISTER 8-16:

IEC4: INTERRUPT ENABLE CONTROL REGISTER 4

R/W-0 R/W-0 R/W-0 u-0 u-0 U-0 U-0 R/W-0
DAC2IE DAC1IE CTMUIE — — — — HLVDIE
bit 15 bit 8
uU-0 U-0 uU-0 U-0 U-0 R/W-0 R/W-0 U-0
— — — — — U2ERIE U1ERIE —
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

bit 13

bit 12-9
bit 8

bit 7-3
bit 2

bit 1

bit 0

DAC2IE: Digital-to-Analog Converter 2 Interrupt Enable bit
1 = Interrupt request is enabled

0 = Interrupt request is not enabled

DACL1IE: Digital-to-Analog Converter 1 Interrupt Enable bit

1 = Interrupt request is enabled
0 = Interrupt request is not enabled

CTMUIE: CTMU Interrupt Enable bit

1 = Interrupt request is enabled
0 = Interrupt request is not enabled

Unimplemented: Read as ‘0’
HLVDIE: High/Low-Voltage Detect Interrupt Enable bit

1 = Interrupt request is enabled
0 = Interrupt request is not enabled

Unimplemented: Read as ‘0’
U2ERIE: UART2 Error Interrupt Enable bit

1 = Interrupt request is enabled
0 = Interrupt request is not enabled

U1ERIE: UART1 Error Interrupt Enable bit

1 = Interrupt request is enabled
0 = Interrupt request is not enabled

Unimplemented: Read as ‘0’

© 2013 Microchip Technology Inc.
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NOTES:
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REGISTER 16-2: RTCPWC: RTCC CONFIGURATION REGISTER 2()

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PWCEN PWCPOL | PWCCPRE | PWCSPRE | RTCCLK1® RTCCLKO®@ RTCOUT1 RTCOUTO
bit 15 bit 8
U-0 U-0 U-0 U-0 u-0 U-0 u-0 u-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 PWCEN: Power Control Enable bit

1 = Power control is enabled
0 = Power control is disabled
bit 14 PWCPOL: Power Control Polarity bit
1 = Power control output is active-high
0 = Power control output is active-low
bit 13 PWCCPRE: Power Control/Stability Prescaler bits
1 = PWC stability window clock is divide-by-2 of source RTCC clock
0 = PWC stability window clock is divide-by-1 of source RTCC clock
bit 12 PWCSPRE: Power Control Sample Prescaler bits
1 = PWC sample window clock is divide-by-2 of source RTCC clock
0 = PWC sample window clock is divide-by-1 of source RTCC clock
bit 11-10 ~ RTCCLK<1:0>: RTCC Clock Select bits®)

Determines the source of the internal RTCC clock, which is used for all RTCC timer operations.
00 = External Secondary Oscillator (SOSC)
01 = Internal LPRC Oscillator
10 = External power line source — 50 Hz
11 = External power line source — 60 Hz

bit 9-8 RTCOUT<1:0>: RTCC Output Select bits
Determines the source of the RTCC pin output.
00 = RTCC alarm pulse
01 = RTCC seconds clock
10 = RTCC clock
11 = Power control

bit 7-0 Unimplemented: Read as ‘0’

Note 1: The RTCPWC register is only affected by a POR.

2:  When a new value is written to these register bits, the Seconds Value register should also be written to
properly reset the clock prescalers in the RTCC.
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REGISTER 16-3: ALCFGRPT: ALARM CONFIGURATION REGISTER

R/W-0

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

ALRMEN

CHIME AMASK3 AMASK2 AMASK1 AMASKO | ALRMPTR1 | ALRMPTRO

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

ARPT7

ARPT6 ARPTS5 ARPT4 ARPT3 ARPT2 ARPT1 ARPTO

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

bit 13-10

bit 9-8

bit 7-0

ALRMEN: Alarm Enable bit

1= Alarm is enabled (cleared automatically after an alarm event whenever ARPT<7:0> = 00h and
CHIME = 0)
0 = Alarm is disabled

CHIME: Chime Enable bit

1 = Chime is enabled; ARPT<7:0> bits are allowed to roll over from 00h to FFh
0 = Chime is disabled; ARPT<7:0> bits stop once they reach 00h

AMASK<3:0>: Alarm Mask Configuration bits

0000 = Every half second

0001 = Every second

0010 = Every 10 seconds

0011 = Every minute

0100 = Every 10 minutes

0101 = Every hour

0110 = Once a day

0111 = Once a week

1000 = Once a month

1001 = Once a year (except when configured for February 29t once every 4 years)
101x = Reserved — do not use

11xx = Reserved — do not use

ALRMPTR<1:0>: Alarm Value Register Window Pointer bits

Points to the corresponding Alarm Value registers when reading the ALRMVALH and ALRMVALL registers.
The ALRMPTR<1:0> value decrements on every read or write of ALRMVALH until it reaches ‘00’.
ALRMVAL<15:8>:

00 = ALRMMIN

01 = ALRMWD

10 = ALRMMNTH

11 = Unimplemented

ALRMVAL<7:0>:

00 = ALRMSEC

01 = ALRMHR

10 = ALRMDAY

11 = Unimplemented

ARPT<7:0>: Alarm Repeat Counter Value bits
11111111 = Alarm will repeat 255 more times

00000000 = Alarm will not repeat
The counter decrements on any alarm event; it is prevented from rolling over from 00h to FFh unless
CHIME = 1.
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22.0 COMPARATOR MODULE

Note: This data sheet summarizes the features
of this group of PIC24F devices. It is not
intended to be a comprehensive refer-
ence source. For more information on the
Comparator module, refer to the “PIC24F
Family Reference Manual”, “Scalable

Comparator Module” (DS39734).

The comparator module provides three dual input
comparators. The inputs to the comparator can be
configured to use any one of four external analog
inputs, as well as a voltage reference input from either
the Internal Band Gap Buffer 1 (BGBUF1) or the com-
parator voltage reference generator.

The comparator outputs may be directly connected to
the CxOUT pins. When the respective COE bit equals
‘1’, the 1/0 pad logic makes the unsynchronized output
of the comparator available on the pin.

A simplified block diagram of the module is shown in
Figure 22-1. Diagrams of the possible individual
comparator configurations are shown in Figure 22-2.

Each comparator has its own control register,
CMxCON (Register 22-1), for enabling and configuring
its operation. The output and event status of all three
comparators is provided in the CMSTAT register
(Register 22-2).

FIGURE 22-1: COMPARATOR x MODULE BLOCK DIAGRAM

CCH<1:0>

CREF<1:0> ]

EVPOL<1:0>
Trigger/Interrupt CEVT
CXINB [X]—— nput CPOL Logic COE >
VIN- X .
CXINC |X|— Selgct - o1 N " - ’X
Logic VIN+ + —
CXIND [X}F— C10UT
cout _ Pin
BGBUF1 >
EVPOL<1:0>
|
Trigger/Interrupt CEVT
cPoL Logic COE
VIN- [ D ) :
vin+| | €2 e o« X
* c20UT
cour _ Pin
EVPOL<1:0>
Trigger/Interrupt CEVT
cPOL Logic COE
CXINA [X—— VIN- [ - ! -
& I- /‘
vin+ |, C3 . ol
CVREeF [X}F— + C30UT
couyr _ Pin
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TABLE 27-4: HIGH/LOW-VOLTAGE DETECT CHARACTERISTICS

Standard Operating Conditions: 1.8V to 3.6V (PIC24F16KM204)
2.0V to 5.5V (PIC24FV16KM204)

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

P;a\::m Symbol Characteristic Min | Typ | Max | Units Conditions
DC18 |VHLYD |HLVD Voltage on HLVDL<3:0> = 0000® | — — |19 | V
VDD Transition HLVDL<3:0>=0001 | 188 | — [ 213 | V
HLVDL<3:0> = 0010 2.09 — | 2.35 \Y
HLVDL<3:0>=0011 2.25 — | 2,53 \Y
HLVDL<3:0> = 0100 2.35 — | 262 \Y,
HLVDL<3:0> = 0101 2.55 — | 2.84 Vv
HLVDL<3:0>=0110 2.80 — | 3.10 \Y
HLVDL<3:0>=0111 2.95 — | 3.25 \Y
HLVDL<3:0> = 1000 3.09 — | 341 Vv
HLVDL<3:0>=1001 3.27 — | 3.59 \Y
HLVDL<3:0>=1010" | 346 | — [ 379 | V
HLVDL<3:0>=1011M| 362 | — | 401 | V
HLVDL<3:0>=1100" | 391 | — | 426 | V
HLVDL<3:0>=1101M" | 418 | — | 455 | V
HLVDL<3:0>=11100 | 449 | — | 487 | V
Note 1. These trip points should not be used on PIC24FXXKMXXX devices.
2. This trip point should not be used on PIC24FVXXKMXXX devices.
TABLE 27-5: BOR TRIP POINTS
Standard Operating Conditions: 1.8V to 3.6V (PIC24F16KM204)
2.0V to 5.5V (PIC24FV16KM204)
Operating temperature -40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended
Pilr;;lm Sym Characteristic Min | Typ | Max | Units Conditions
DC15 BOR Hysteresis — 5 — mV
DC19 BOR Voltage on VDD BORV<1:0> =00 — — | — — | Valid for LPBOR (Note 1)
Transition BORV<1:0>=01 | 290 | 3 [338| V
BORV<1:0>=10 | 253 | 27 | 3.07 | V
BORV<1:0>=11 | 1.75 | 1.85|2.05| V |(Note?2)
BORV<1:0>=11 | 195 | 205|216 | V |(Note3)

Note 1. LPBOR re-arms the POR circuit but does not cause a BOR.
2: Thisis valid for PIC24F (3.3V) devices.
3:  Thisis valid for PIC24FV (5V) devices.
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FIGURE 27-18:

MSSPx 1°C™ BUS DATA TIMING

103 — =

SCLx /T O\
— 90 - ' '

T 91 -

soAxin - N\ / X .I | / N\

SDAX
Out

Note:

Refer to Figure 27-5 for load conditions.

TABLE 27-36: 1°C™ BUS DATA REQUIREMENTS (MASTER MODE)

Pa;\rlim. Symbol Characteristic Min Max | Units Conditions
100 THIGH Clock High Time [100 kHz mode | 2(Tosc)(BRG +1) | — —
400 kHz mode | 2(Tosc)(BRG +1) | — —
101 TLOW Clock Low Time {100 kHz mode | 2(TosCc)(BRG +1) | — —
400 kHz mode | 2(Tosc)(BRG +1) | — —
102 TR SDAx and SCLx |100 kHz mode — 1000 ns |CB is specified to be from
Rise Time 400 kHz mode 20 +0.1Cs 300 | ns |101t0400pF
103 TF SDAx and SCLx |100 kHz mode — 300 ns |CB is specified to be from
Fall Time 400 kHz mode 20+0.1CB 300 | ns |101t0400pF
920 Tsu:sTA |Start Condition |100 kHz mode | 2(TosCc)(BRG +1) | — — | Only relevant for Repeated
Setup Time 400 kHz mode | 2(Tosc)(BRG + 1) | — __ | Start condition
91 THD:STA |Start Condition |100 kHz mode | 2(Tosc)(BRG +1) | — — | After this period, the first
Hold Time 400 kHz mode | 2(Tosc)(BRG + 1) | — __|clock pulse is generated
106 THD:DAT |Data Input 100 kHz mode 0 — ns
Hold Time 400 kHz mode 0 09 | s
107 TSU:DAT |Data Input 100 kHz mode 250 — ns |[(Note 1)
Setup Time 400 kHz mode 100 — | ns
92 Tsu:sTo |Stop Condition |100 kHz mode | 2(TosCc)(BRG + 1) | — —
Setup Time 400 kHz mode | 2(Tosc)(BRG + 1) | — —
109 TAA Output Valid 100 kHz mode — 3500 ns
from Clock 400 kHz mode — 1000 | ns
110 TBUF Bus Free Time |100 kHz mode 4.7 — ps | Time the bus must be free
400 kHz mode 1.3 _ us |before a new transmission
can start
D102 |CB Bus Capacitive Loading — 400 pF
Note 1: A Fast mode I2C bus device can be used in a Standard mode 12C bus system, but Parameter 107 > 250 ns

must then be met. This will automatically be the case if the device does not stretch the LOW period of the
SCLx signal. If such a device does stretch the LOW period of the SCLx signal, it must output the next data
bit to the SDAX line, Parameter 102 + Parameter 107 = 1000 + 250 = 1250 ns (for 100 kHz mode), before
the SCLx line is released.
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28-Lead Skinny Plastic Dual In-Line (SP) — 300 mil Body [SPDIP]

Note:

For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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T T L B R P R L |
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—— > |—
I
!/r

L
A1— —= b1 ‘
—| o |—-— ~-— gB —=—
Units INCHES
Dimension Limits MIN NOM MAX
Number of Pins N 28
Pitch e .100 BSC
Top to Seating Plane A - - .200
Molded Package Thickness A2 1120 135 .150
Base to Seating Plane A1 .015 - -
Shoulder to Shoulder Width E .290 .310 .335
Molded Package Width E1 .240 .285 .295
Overall Length D 1.345 1.365 1.400
Tip to Seating Plane L 110 1130 .150
Lead Thickness .008 .010 .015
Upper Lead Width b1 .040 .050 .070
Lower Lead Width b .014 .018 .022
Overall Row Spacing § eB - - 430
Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. § Significant Characteristic.
3. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed .010" per side.
4. Dimensioning and tolerancing per ASME Y14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing C04-070B
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48-Lead Ultra Thin Plastic Quad Flat, No Lead Package (MV) - 6x6 mm Body [UQFN]
With 0.40 mm Contact Length

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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SILK SCREEN
RECOMMENDED LAND PATTERN
Units MILLIMETERS
Dimension Limits|  MIN | NOM | MAX
Contact Pitch E 0.40 BSC
Optional Center Pad Width W2 4.45
Optional Center Pad Length T2 4.45
Contact Pad Spacing C1 6.00
Contact Pad Spacing C2 6.00
Contact Pad Width (X28) X1 0.20
Contact Pad Length (X28) Y1 0.80
Distance Between Pads G 0.20
Notes:

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

Microchip Technology Drawing No. C04-2153A
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