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Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

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

Applications of "Embedded -
Microcontrollers"

Obsolete

PIC

16-Bit

32MHz

12C, IrDA, LINbus, SPI, UART/USART
Brown-out Detect/Reset, LVD, POR, PWM, WDT
24

8KB (2.75K x 24)

FLASH

512 x8

2K'x 8

1.8V ~ 3.6V

A/D 19x10b/12b; D/A 2x8b
Internal

-40°C ~ 85°C (TA)

Surface Mount

28-SSOP (0.209", 5.30mm Width)
28-SSOP
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PIC24FV16KM204 FAMILY

Pin Diagrams

-Pi o UJ
20-Pin PDIP/SSOP/SOIC RA5 [ 1 2017 VoD
RAO0 [ 2 b= 191 Vss
RA1[]3 = 18[1 RB15
RBO [ 4 5 170 RB14
RB1 []5 o 161 RB13
RB2j6 & 15 RB12
RA207 & 140 RA6 OR VDDCORE
RA3 []8 8] 130 RB9
RB4 []9 o 12[] RBS8
RA4 []10 110 RB7
Pin Features
Pin
PIC24F08KM101 PIC24FVKMO0O8KM101
1 MCLR/VPP/RA5
2 PGEC2/CVREF+/VREF+/ANO/CN2/RAQ
3 PGED2/CVREF-/VREF-/AN1/CN3/RA1
4 PGED1/AN2/CTCMP/ULPWU/C1IND/OC2A/CN4/RB0O
5 PGEC1/AN3/C1INC/CTED12/CN5/RB1
6 AN4/U1RX/TCKIB/CTED13/CN6/RB2
7 OSCI/CLKI/AN13/C1INB/CN30/RA2
8 OSCO/CLKO/AN14/C1INA/CN29/RA3
9 PGED3/SOSCI/AN15/CLCINA/CN1/RB4
10 PGEC3/SOSCO/SCLKI/AN16/PWRLCLK/CLCINB/CNO/RA4
1 AN19/U1TX/CTED1/INTO/CN23/RB7 AN19/U1TX/IC1/OC1A/CTED1/INTO/CN23/RB7
12 AN20/SCL1/U1CTS/OC1B/CTED10/CN22/RB8
13 AN21/SDA1/T1CK/U1RTS/U1BCLK/IC2/CLC10/CTED4/CN21/RB9
14 IC1/OC1A/INT2/CN8/RA6 VCAP OR VDDCORE
15 AN12/HLVDIN/SCK1/OC1C/CTED2/CN14/RB12 AN12/HLVDIN/SCK1/OC1C/CTED2/INT2/CN14/RB12
16 AN11/SDO1/OCFB/OC1D/CTPLS/CN13/RB13
17 CVREF/AN10/SDI1/C10OUT/OCFA/CTEDS/INT1/CN12/RB14
18 AN9/REFO/SS1/TCKIA/CTED6/CN11/RB15
19 Vss/AVss
20 VDD/AVDD
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PIC24FV16KM204 FAMILY

Pin Diagrams (Continued)

Pin Features

_Di 1) Pin
48-Pin UQFN PIC24FXXKMX04 PIC24FVXXKMX04
8598088 § 39 23 1 | AN21/SDA1/T1CK/UTRTS/U1BCLK/IC2/0C4/CLC10/CTED4/CN21/RB9
rrrrc>—ror 2 |UIRX/OC2C/CN18/RC6
Reol 1 95 9932ITLRY B | [2UITXIOC2DICN17IRCT
RCE) 2 = ras [4|OC2/CN20/RC8
Egg i 34 |RA3 [5 [IC4/OC2F/CTED7/CN19/RCO
Reol 5 38 IR%2 6 [IC1/0C5/CLC20/CTED3/CNI/RAT
PIC24FXXKMX04
RA7]1 6 31 fVss |7 [C20UT/OC1A/CTED1/INT2/CN8/RA6 VDDCORE or VCAP
RA6 | 7 PIC24FVXXKMX04 30 VoD 8 nlc nlc
nej 8 29 |RC2
RB10| 9 28 |RC1|9 |PGED2/SDI1/0C1C/ICTED11/CN16/RB10
EEE 1‘1) % Egg 10 |PGEC2/SCK1/0C2A/CTEDY/CN15/RB11
RB13| 12 25 [RB2 [11 |DACTOUT/AN12/HLVDIN/OC2B/CTED2/ | DAC1OUT/AN12/HLVDIN/OC2B/CTED2/
NINONRRILNDT CN14/RB12 INT2/CN14/RB12
TETYETTEETT 12 | OA1INC/OA2INC/AN11/SDO1/OC1DICTPLS/CN13/RB13
Ssogz2 ?E: Srreo 13 |IC5/0C3A/CN35/RA10
233 14 |1C3/0C3B/CTEDS/CN36/RAT1
>
Z1= 15 | DAC20UT/CVREF/OATIND/OA2IND/AN10/C3INB/RTCC/C1OUT/OCFA/CTEDS/INT1/

CN12/RB14

16 | DAC2REF+/OA20UT/AN9/C3INA/REFO/SS1/TCKIA/CTED6/CN11/RB15
17 |Vss/AVss

18 | VDD/AVDD

19 |MCLR/VPP/RA5

20 |n/c
21 | CVREF+/VREF+/DAC1REF+/ANO/C3INC/ CVREF+/VREF+/DAC1REF+/ANO/C3INC/
CN2/RAO CTED1/CN2/RAO

22 | CVREF-/VREF-/AN1/CN3/RA1

23 |PGED1/AN2/CTCMP/ULPWU/C1IND/C2INB/C3IND/U2TX/CN4/RBO
24 |PGEC1/0OA1INA/OA2INA/AN3/C1INC/C2INA/U2RX/CTED12/CN5/RB1
25 | OA1INB/OA2INB/AN4/C1INB/C2IND/SDA2/TCKIB/CTED13/CN6/RB2
26 | OA10OUT/ANS5/C1INA/C2INC/SCL2/CN7/RB3

27 | ANB/CN32/RCO

28 |AN7/CN31/RC1

29 |AN8/CN10/RC2

30 (VbD

31 [Vss

32 [nlc

33 [ OSCI/AN13/CLKI/CN30/RA2

34 |OSCO/CLKO/AN14/CN29/RA3

35 | OCFB/CN33/RA8

36 | SOSCI/AN15/U2RTS/U2BCLK/CN1/RB4

37 | SOSCO/SCLKI/AN16/PWRLCLK/U2CTS/CNO/RA4

38 | SS2/CN34/RA9

39 [SDI2/CN28/RC3

40 | SDO2/CN25/RC4

41 | SCK2/CN26/RC5

. L . 42 |Vss
Legend: Values in red indicate pin
. . 43 |VDD
function differences between a2 v
n/c

PIC24F (V)XXKM202 and

PIC24F (V)XXKM102 devices.
Note 1: Exposed pad on underside of

device is connected to Vss.

45 |PGED3/AN17/ASDA1/OC1E/CLCINA/CN27/RB5

46 |PGEC3/AN18/ASCL1/OC1F/CLCINB/CN24/RB6

47 | AN19/INTO/CN23/RB7 AN19/C20UT/OC1A/INTO/CN23/RB7
48 | AN20/SCL1/U1CTS/C30UT/OC1B/CTED10/CN22/RB8
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PIC24FV16KM204 FAMILY

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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PIC24FV16KM204 FAMILY

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.

DS30003030B-page 66
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PIC24FV16KM204 FAMILY

EXAMPLE 5-3: LOADING THE WRITE BUFFERS — ASSEMBLY LANGUAGE CODE

; Set up NVMCON for row programr ng operations
MoV #0x4004, WO ;
MoV W0, NVMCON ; Initialize NVMCON
; Set up a pointer to the first program menory |ocation to be witten
program nenory sel ected, and wites enabl ed
MoV #0x0000, WO ;
MoV W), TBLPAG ; Initialize PM Page Boundary SFR
MoV #0x1500, WO ; An exanpl e program nenory address
; Performthe TBLWI instructions to wite the |atches
; Oth_programword
MoV #LOW WORD_0, W2 ;
MoV #H GH_BYTE_O0, WB ;
TBLWIL W2, [W0] ; Wite PMIlow word into programlatch
TBLWIH WB, [WD++] ; Wite PMhigh byte into program | atch
; 1st_program word
MoV #LOWWORD_1, W2 ;
MoV #H GH_BYTE_1, WB ;
TBLWIL W2, [W0] ; Wite PMIlow word into programlatch
TBLWIH WB, [WD++] ; Wite PMhigh byte into program | atch
2nd_program word
MoV #LOWWORD_2, W2 ;
MoV #H GH_BYTE_2, WB ;
TBLWIL W2, [WO] ; Wite PM1low word into program |l atch
TBLWIH WB, [WD++] ; Wite PMhigh byte into program | atch

; 32nd_pr ogram wor d
MoV #LOW WORD_31, W2 ;
MoV #H GH_BYTE_31, WB ;
TBLWIL W2, [WO] ; Wite PMIlow word into programlatch
TBLWIH W8, [WD] ; Wite PMhigh byte into program |l atch

EXAMPLE 5-4: LOADING THE WRITE BUFFERS - ‘C’' LANGUAGE CODE
/1 C exanpl e using MPLAB C30

#defi ne NUM_| NSTRUCTI CN_PER_ROW 64
int _attribute__ ((space(auto_psv))) progAddr = 0x1234 /1 Variable | ocated i n Pgm Menory
unsi gned int offset;
unsigned int i;
unsi gned int progDbat a 2* NUM | NSTRUCTI ON_PER ROW ; /1 Buffer of data to wite

/1 Set up NVMCON for row programi ng
NVMCON = 0x4004; /1 Initialize NVMOON

//Set up pointer to the first nenory location to be witten
TBLPAG = _ bui |l ti n_t bl page( &r ogAddr) ; /1 Initialize PM Page Boundary SFR
offset = _ builtin_tbl offset(&progAddr); /1l Initialize |ower word of address

//Perform TBLW instructions to wite necessary nunber of |atches
for(i=0; i < 2*NUM.I NSTRUCTI ON_PER RON i ++)

{
__builtin_tblwtl (of fset, progDatali++]); // Wite to address | ow word
__builtin_tblwh(offset, progDatali]); /!l Wite to upper byte
offset = offset + 2; /1 Increment address

}

© 2013 Microchip Technology Inc. DS30003030B-page 71
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6.0 DATA EEPROM MEMORY

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 data
EEPROM, refer to the “PIC24F Family
Reference Manual’, “Data EEPROM”
(DS39720).

The data EEPROM memory is a Nonvolatile Memory
(NVM), separate from the program and volatile data
RAM. Data EEPROM memory is based on the same
Flash technology as program memory, and is optimized
for both long retention and a higher number of
erase/write cycles.

The data EEPROM is mapped to the top of the user pro-
gram memory space, with the top address at program
memory address, 7FFEOOh to 7FFFFFh. The size of the
data EEPROM is 256 words in PIC24FXXXXX devices.

The data EEPROM is organized as 16-bit-wide
memory. Each word is directly addressable, and is
readable and writable during normal operation over the
entire VDD range.

Unlike the Flash program memory, normal program
execution is not stopped during a data EEPROM
program or erase operation.

The data EEPROM programming operations are
controlled using the three NVM Control registers:

* NVMCON: Nonvolatile Memory Control Register

* NVMKEY: Nonvolatile Memory Key Register

* NVMADR: Nonvolatile Memory Address Register

EXAMPLE 6-1:

6.1 NVMCON Register

The NVMCON register (Register 6-1) is also the primary
control register for data EEPROM program/erase
operations. The upper byte contains the control bits
used to start the program or erase cycle and the flag bit
to indicate if the operation was successfully performed.
The lower byte of NVMCOM configures the type of NVM
operation that will be performed.

6.2 NVMKEY Register

The NVMKEY is a write-only register that is used to
prevent accidental writes or erasures of data EEPROM
locations.

To start any programming or erase sequence, the
following instructions must be executed first, in the
exact order provided:

1. Write 55h to NVMKEY.
2. Write AAh to NVMKEY.

After this sequence, a write will be allowed to the
NVMCON register for one instruction cycle. In most
cases, the user will simply need to set the WR bit in the
NVMCON register to start the program or erase cycle.
Interrupts should be disabled during the unlock
sequence.

The MPLAB® C30 C compiler provides a defined library
procedure (builtin_wite_NVM to perform the
unlock sequence. Example 6-1 illustrates how the
unlock sequence can be performed with in-line
assembly.

DATA EEPROM UNLOCK SEQUENCE

//Disable Interrupts For 5 instructions
asm volatile ("disi #5");
//1ssue Unl ock Sequence

asm volatile ("nov #0x55, W \n"
"mov WO, NVMWKEY \n"
"mov #0xAA, WL \n"

"mov WL, NVMKEY \n");
/1 Perform Wite/Erase operations
asm volatile ("bset NVMCON, #WR \n"
"nop \n"
"nop \n");

© 2013 Microchip Technology Inc.
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6.4.3 READING THE DATA EEPROM

To read a word from data EEPROM, the Table Read
instruction is used. Since the EEPROM array is only
16 bits wide, only the TBLRDL instruction is needed.
The read operation is performed by loading TBLPAG
and WREG with the address of the EEPROM location,
followed by a TBLRDL instruction.

EXAMPLE 6-5:

A typical read sequence, using the Table
Pointer management (builtin_tbl page and
builtin_tbloffset) and Table Read
(builtin_tblrdl) procedures from the C30
compiler library, is provided in Example 6-5.

Program Space Visibility (PSV) can also be used to
read locations in the data EEPROM.

READING THE DATA EEPROM USING THE TBLRD COMMAND

int __attribute__ ((space(eedata))) eeData =
int data;

unsi gned int offset;

TBLPAG = __builtin_tbl page(&eeData);
of fset = _ builtin_tbl of fset(&eeData);
data = __builtin_tblrdl (offset);

0x1234;

The vari abl e eeData nust be a d obal variable decl ared outside of any nethod

the code following this conment can be witten inside the nethod that will execute the read

/1l Set up a pointer to the EEPROM | ocation to be erased

/1 Data read from EEPROM

/1l Initialize EE Data page pointer
/Il Initizlize |l ower word of address
/1 Wite EEPROM data to wite |atch

DS30003030B-page 78
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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 8-12:

IECO: INTERRUPT ENABLE CONTROL REGISTER 0

R/W-0 uU-0 R/W-0 R/W-0 R/W-0 u-0 uU-0 R/W-0
NNME | — | ADIE | UWTXE | URXE | — | — | cCT2E
bit 15 bit 8
R/W-0 R/W-0 R/W-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0
CCTIIE | CCP4E | ccP3lE | — | THE | CCP2E | CCP1IE | INTOIE
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 NVMIE: NVM Interrupt Enable bit
1 = Interrupt request is enabled
0 = Interrupt request is not enabled
bit 14 Unimplemented: Read as ‘0’
bit 13 ADLIE: A/D Conversion Complete Interrupt Enable bit
1 = Interrupt request is enabled
0 = Interrupt request is not enabled
bit 12 ULTXIE: UART1 Transmitter Interrupt Enable bit
1 = Interrupt request is enabled
0 = Interrupt request is not enabled
bit 11 U1RXIE: UART1 Receiver Interrupt Enable bit
1 = Interrupt request is enabled
0 = Interrupt request is not enabled
bit 10-9 Unimplemented: Read as ‘0’
bit 8 CCT2IE: Capture/Compare 2 Timer Interrupt Enable bit
1 = Interrupt request is enabled
0 = Interrupt request is not enabled
bit 7 CCTL1IE: Capture/Compare 1 Timer Interrupt Enable bit
1 = Interrupt request is enabled
0 = Interrupt request is not enabled
bit 6 CCP4IE: Capture/Compare 4 Event Interrupt Enable bit
1 = Interrupt request is enabled
0 = Interrupt request is not enabled
bit 5 CCP3IE: Capture/Compare 3 Event Interrupt Enable bit
1 = Interrupt request is enabled
0 = Interrupt request is not enabled
bit 4 Unimplemented: Read as ‘0’
bit 3 T1IE: Timer1 Interrupt Enable bit
1 = Interrupt request is enabled
0 = Interrupt request is not enabled
bit 2 CCP2IE: Capture/Compare 2 Event Interrupt Enable bit
1 = Interrupt request is enabled
0 = Interrupt request is not enabled
bit 1 CCP1IE: Capture/Compare 1 Event Interrupt Enable bit
1 = Interrupt request is enabled
0 = Interrupt request is not enabled
bit 0 INTOIE: External Interrupt 0 Enable bit

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

DS30003030B-page 98
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REGISTER 8-20:

IPC1: INTERRUPT PRIORITY CONTROL REGISTER 1

u-0 R/W-1 R/W-0 R/W-0 U-0 R/W-1 R/W-0 R/W-0
— CCT1IP2 CCT1IP1 CCT1IPO — CCP4IP2 CCP41P1 CCP41P0O
bit 15 bit 8
u-0 R/W-1 R/W-0 R/W-0 u-0 U-0 U-0 u-0
— CCP3IP2 CCP3IP1 CCP3IPO — — — —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15 Unimplemented: Read as ‘0’

bit 14-12 CCT1IP<2:0>: Capture/Compare 1 Timer Interrupt Priority bits
111 = Interrupt is Priority 7 (highest priority interrupt)
001 = Interrupt is Priority 1
000 = Interrupt source is disabled

bit 11 Unimplemented: Read as ‘0’

bit 10-8 CCP4IP<2:0>: Capture/Compare 4 Event Interrupt Priority bits
111 = Interrupt is Priority 7 (highest priority interrupt)
001 = Interrupt is Priority 1
000 = Interrupt source is disabled

bit 7 Unimplemented: Read as ‘0’

bit 6-4 CCP3IP<2:0>: Capture/Compare 3 Event Interrupt Priority bits
111 = Interrupt is Priority 7 (highest priority interrupt)
001 = Interrupt is Priority 1
000 = Interrupt source is disabled

bit 3-0 Unimplemented: Read as ‘0’
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REGISTER 13-1: CCPxCON1L: CCPx CONTROL 1 LOW REGISTERS

R/W-0 u-0 R/W-0 r-0 R/W-0 R/W-0 R/W-0 R/W-0
CCPON — CCPSIDL r TMRSYNC | CLKSEL2® | CLKSEL1® | CLKSELOM
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
TMRPS1 TMRPSO T32 CCSEL MOD3 MOD2 MOD1 MODO
bit 7 bit 0
Legend: r = Reserved 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 CCPON: CCPx Module Enable bit

1 = Module is enabled with an operating mode specified by the MOD<3:0> control bits
0 = Module is disabled

bit 14 Unimplemented: Read as ‘0’

bit 13 CCPSIDL: CCPx Stop in Idle Mode Bit
1 = Discontinues module operation when device enters Idle mode
0 = Continues module operation in Idle mode

bit 12 Reserved: Maintain as ‘0’

bit 11 TMRSYNC: Time Base Clock Synchronization bit

1 = Asynchronous module time base clock is selected and synchronized to the internal system clocks
(CLKSEL<2:0> = 000)

0 = Synchronous module time base clock is selected and does not require synchronization
(CLKSEL<2:0> = 000)

bit 10-8 CLKSEL<2:0>: CCPx Time Base Clock Select bits(")

111 = External TCLKIA input

110 = External TCLKIB input

101 = CLCH1

100 = Reserved

011 = LPRC (31 kHz source)

010 = Secondary Oscillator

001 = Reserved

000 = System clock (Tcy)

bit 7-6 TMRPS<1:0>: Time Base Prescale Select bits
11 = 1:64 Prescaler
10 = 1:16 Prescaler
01 = 1:4 Prescaler
00 = 1:1 Prescaler
bit 5 T32: 32-Bit Time Base Select bit
1 = Uses 32-bit time base for timer, single edge output compare or input capture function
0 = Uses 16-bit time base for timer, single edge output compare or input capture function
bit 4 CCSEL: Capture/Compare Mode Select bit

1 = Input Capture peripheral
0 = Output Compare/PWM/Timer peripheral (exact function is selected by the MOD<3:0> bits)

Note 1. Clock options are limited in some operating modes. See Table 13-1 for restrictions.
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REGISTER 13-2: CCPxCON1H: CCPx CONTROL 1 HIGH REGISTERS

R/W-0 R/W-0 u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0
oPSSRCW | RTRGEN®@ — — opPs3®) oPs2() orPs1©) oPs0©®)
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
TRIGEN® | ONESHOT | ALTSYNC SYNC4 SYNC3 SYNC2 SYNCA1 SYNCO
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 OPSSRC: Output Postscaler Source Select bit()

1 = Output postscaler scales module Trigger output events
0 = Output postscaler scales time base interrupt events
bit 14 RTRGEN: Retrigger Enable bit(?
1 = Time base can be retriggered when TRIGEN bit =1
0 = Time base may not be retriggered when TRIGEN bit = 1
bit 13-12 Unimplemented: Read as ‘0’
bit 11-8 OPS3<3:0>: CCPx Interrupt Output Postscale Select bits(®)

1111 = Interrupt every 16th time base period match
1110 = Interrupt every 15th time base period match

0100 = Interrupt every 5th time base period match
0011 = Interrupt every 4th time base period match or 4th input capture event
0010 = Interrupt every 3rd time base period match or 3rd input capture event
0001 = Interrupt every 2nd time base period match or 2nd input capture event
0000 = Interrupt after each time base period match or input capture event
bit 7 TRIGEN: CCPx Trigger Enable bit(¥
1 = Trigger operation of time base is enabled
0 = Trigger operation of time base is disabled
bit 6 ONESHOT: One-Shot Mode Enable bit
1 = One-Shot Trigger mode is enabled; Trigger duration is set by OSCNT<2:0>
0 = One-Shot Trigger mode IS disabled
bit 5 ALTSYNC: CCPx Clock Select bits
1 = An alternate signal is used as the module synchronization output signal
0 = The module synchronization output signal is the Time Base Reset/rollover event
bit 4-0 SYNC<4:0>: CCPx Synchronization Source Select bits
See Table 13-6 for the definition of inputs.

Note 1: This control bit has no function in Input Capture modes.
2. This control bit has no function when TRIGEN = 0.

3:  Output postscale settings from 1:5to 1:16 (0100-1111) will result in a FIFO buffer overflow for Input Capture
modes.

4: Clock source options are limited when Trigger operation is enabled; refer to Table 13-1.
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REGISTER 15-3: UXTXREG: UARTx TRANSMIT REGISTER

U-x U-x U-x U-x U-x U-x U-x W-x
— — — — — — — UTX8
bit 15 bit 8
W-x W-x W-x W-x W-x W-x W-x W-x
UTX7 UTX6 UTX5 UTXx4 UTXx3 UTXx2 UTXx1 UTX0
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 Unimplemented: Read as ‘0’
bit 8 UTX8: Data of the Transmitted Character bit (in 9-bit mode)
bit 7-0 UTX<7:0>: Data of the Transmitted Character bits

REGISTER 15-4: UxRXREG: UARTx RECEIVE REGISTER

u-0 u-0 u-0 u-0 u-0 U-0 U-0 R-0, HSC
— — — — — — — URX8
bit 15 bit 8
R-0, HSC R-0, HSC R-0, HSC R-0, HSC R-0, HSC R-0, HSC R-0, HSC R-0, HSC
URX7 URX6 URX5 URX4 URX3 URX2 URX1 URXO0
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 8 URX8: Data of the Received Character bit (in 9-bit mode)
bit 7-0 URX<7:0>: Data of the Received Character bits
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16.2 RTCC Module Registers

The RTCC module registers are organized into three
categories:

* RTCC Control Registers

* RTCC Value Registers

» Alarm Value Registers

16.2.1 REGISTER MAPPING

To limit the register interface, the RTCC Timer and
Alarm Time registers are accessed through corre-
sponding register pointers. The RTCC Value register
window (RTCVALH and RTCVALL) uses the RTCPTRx
bits (RCFGCAL<9:8>) to select the desired Timer
register pair (see Table 16-1).

By writing the RTCVALH byte, the RTCC Pointer value,
the RTCPTR<1:0> bits decrement by one until they reach
‘00’. Once they reach ‘00’, the MINUTES and SECONDS
value will be accessible through RTCVALH and
RTCVALL until the pointer value is manually changed.

TABLE 16-1: RTCVAL REGISTER MAPPING
RTCC Value Register Window

RTCPTR<1:0>

RTCVAL<15:8> RTCVAL<7:0>
00 MINUTES SECONDS
01 WEEKDAY HOURS
10 MONTH DAY
11 — YEAR

The Alarm Value register window (ALRMVALH and
ALRMVALL) uses the ALRMPTRXx bits
(ALCFGRPT<9:8>) to select the desired Alarm
register pair (see Table 16-2).

By writing the ALRMVALH byte, the ALRMPTR<1:0>
bits (Alarm Pointer value) decrement by one until they
reach ‘00’. Once they reach ‘00’, the ALRMMIN and
ALRMSEC value will be accessible through
ALRMVALH and ALRMVALL, until the pointer value is
manually changed.

TABLE 16-2: ALRMVAL REGISTER
MAPPING

ALRMPTR Alarm Value Register Window
<1:0> ALRMVALH<15:8> | ALRMVALL<7:0>
00 ALRMMIN ALRMSEC
01 ALRMWD ALRMHR
10 ALRMMNTH ALRMDAY
11 PWCSTAB PWCSAMP

Considering that the 16-bit core does not distinguish
between 8-bit and 16-bit read operations, the user must
be aware that when reading either the ALRMVALH or
ALRMVALL bytes, the ALRMPTR<1:0> value will be
decremented. The same applies to the RTCVALH or
RTCVALL bytes with the RTCPTR<1:0> being
decremented.

Note:  This only applies to read operations andI

not write operations.

16.2.2 WRITE LOCK

In order to perform a write to any of the RTCC Timer
registers, the RTCWREN bit (RCFGCAL<13>) must be
set (see Example 16-1 and Example 16-2).

Note: To avoid accidental writes to the timer, it is
recommended that the RTCWREN bit
(RCFGCAL<13>) is kept clear at any
other time. For the RTCWREN bit to be
set, there is only one instruction cycle time
window allowed between the 55h/AA
sequence and the setting of RTCWREN.
Therefore, it is recommended that code

follow the procedure in Example 16-2.

16.2.3 SELECTING RTCC CLOCK SOURCE

There are four reference source clock options that can
be selected for the RTCC using the RTCCLK<1:0>
bits (RTCPWC<11:10>): 00 = Secondary Oscillator,
01 =LPRC, 10 =50 Hz External Clock and 11 =60 Hz
External Clock.

EXAMPLE 16-1: SETTING THE RTCWREN BIT IN ASSEMBLY

sequence is conplete.

Wregister values fromthe stack.

push w7 Store W/ and W8 val ues on the stack.
push w8

di si #5 ; Disable interrupts until

nov #0x55, w7 ; Wite 0x55 unl ock value to NVMKEY.
nmov w7, NVMKEY

nov #0OxXAA, w8 ; Wite OxAA unl ock value to NVMKEY.
nov w8, NVMKEY

bset RCFGCAL, #13 Set the RTCWREN bit.

pop w8 Restore the origi nal

pop w7

EXAMPLE 16-2: SETTING THE RTCWREN BIT IN ‘'C’

//the RTCAREN bit.
__builtin_wite_ RTCWEN();

//This builtin function executes inplenments the unlock sequence and sets
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16.2.4 RTCC CONTROL REGISTERS

REGISTER 16-1: RCFGCAL: RTCC CALIBRATION AND CONFIGURATION REGISTER®

R/W-0 u-0 R/W-0 R-0, HSC R-0, HSC R/W-0 R/W-0 R/W-0
RTCEN® — RTCWREN | RTCSYNC | HALFSEC® | RTCOE RTCPTR1 | RTCPTRO
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
CAL7 CAL6 CAL5 CAL4 CAL3 CAL2 CAL1 CALO
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 RTCEN: RTCC Enable bit®

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

bit 14 Unimplemented: Read as ‘0’
bit 13 RTCWREN: RTCC Value Registers Write Enable bit

1 = RTCVALH and RTCVALL registers can be written to by the user

0 = RTCVALH and RTCVALL registers are locked out from being written to by the user
bit 12 RTCSYNC: RTCC Value Registers Read Synchronization bit

1 = RTCVALH, RTCVALL and ALCFGRPT registers can change while reading due to a rollover ripple
resulting in an invalid data read. If the register is read twice and results in the same data, the data
can be assumed to be valid.

0 = RTCVALH, RTCVALL or ALCFGRPT registers can be read without concern over a rollover ripple

bit 11 HALFSEC: Half Second Status bit(®)

1 = Second half period of a second

0 = First half period of a second

bit 10 RTCOE: RTCC Output Enable bit
1 = RTCC output is enabled
0 = RTCC output is disabled
bit 9-8 RTCPTR<1:0>: RTCC Value Register Window Pointer bits

Points to the corresponding RTCC Value registers when reading the RTCVALH and RTCVALL registers.

The RTCPTR<1:0> value decrements on every read or write of RTCVALH until it reaches ‘00’.

RTCVAL<15:8>:

00 = MINUTES

01 = WEEKDAY

10 = MONTH

11 = Reserved

RTCVAL<7:0>:

00 = SECONDS

01 = HOURS

10 = DAY

11 =YEAR

Note 1: The RCFGCAL register is only affected by a POR.
2. A write to the RTCEN bit is only allowed when RTCWREN = 1.
3. This bit is read-only; it is cleared to ‘0’ on a write to the lower half of the MINSEC register.
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REGISTER 17-3: CLCXSEL: CLCx INPUT MUX SELECT REGISTER (CONTINUED)

bit 6-4 DS2<2:0>: Data Selection MUX 2 Signal Selection bits

111 = MCCP2 Compare Event Flag (CCP2IF)
110 = MCCP1 Compare Event Flag (CCP1IF)
101 = Digital logic low

100 = A/D end of conversion event

For CLC1:

011 = UART1 TX

010 = Comparator 1 output

001 = CLC2 output

000 = CLCINB I/0O pin

For CLC2:

011 = UART2 TX

010 = Comparator 1 output
001 = CLC1 output

000 = CLCINB I/O pin

bit 3 Unimplemented: Read as ‘0’
bit 2-0 DS1<2:0>: Data Selection MUX 1 Signal Selection bits

111 = SCCP5 Compare Event Flag (CCP5IF)
110 = SCCP4 Compare Event Flag (CCP4IF)
101 = Digital logic low

100 = 8 MHz FRC clock source

011 = LPRC clock source

010 = SOSC clock source

001 = System clock (TcY)

000 = CLCINA I/O pin
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REGISTER 19-1: AD1CON1: A/DA/D CONTROL REGISTER 1 (CONTINUED)

bit 3 Unimplemented: Read as ‘0’
bit 2 ASAM: A/D Sample Auto-Start bit
1 = Sampling begins immediately after the last conversion; SAMP bit is auto-set
0 = Sampling begins when the SAMP bit is manually set
bit 1 SAMP: A/D Sample Enable bit
1 = A/D Sample-and-Hold amplifiers are sampling
0 = A/D Sample-and-Hold amplifiers are holding
bit 0 DONE: A/D Conversion Status bit

1 = A/D conversion cycle has completed
0 = A/D conversion cycle has not started or is in progress

Note 1. This version of the TMR1 Trigger allows A/D conversions to be triggered from TMR1 while the device is
operating in Sleep mode. The SSRC<3:0> = 0101 option allows conversions to be triggered in Run or Idle
modes only.
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48-Lead Plastic Ultra Thin Quad Flat, No Lead Package (MV) — 6x6x0.5 mm Body [UQFN]

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

o]

T T 7 [£]
F////f///)
77505257
2X _//////// 2
o.10]cC //////_////' !
2X | / N
[XJo.10]cC NOTE 1
TOP VIEW A
| //]0.10[cC
SEATING PLANE LWM—I - 1_4&
v J At — [So0s[c]
D2 [@]o.10®m][c[A]B]
NOTE 1
[$o10@]c[A[e]
(DATUM B) _E
o2 (DATUM A)
* — L

« ——H«— 48X b

0.07@M|[c|A[B]
@

0.05M|C
BOTTOM VIEW
Microchip Technology Drawing C04-153A Sheet 1 of 2

© 2013 Microchip Technology Inc. DS30003030B-page 321



PIC24FV16KM204 FAMILY

Comparator Voltage Reference ..........ccccoeiiiiiiiinnnenn. 239
CoNfiIGUIING ...eeeeiiie e
Configurable Logic Cell (CLC) ... .
Configuration BitS ........ccceiiiiiiiiie e
CPU
ALU o 39
Control Registers ....38
Core Registers ......... ....36
Programmer’s Model .........ccccooeiiiiiiiiiiiieeeeee e 35
CTMU
Measuring Capacitance ............cccocoeiieeiiiieenieeeene 241
Measuring Time .........cc.cceee ..242
Pulse Generation and Delay ........... ..243
Customer Change Notification Service ...........cccocceeeneen. 332
Customer Notification Service .........cccccevviiiiiiiiiennee 332
Customer SUPPOIT ....ooueeiiiiiiee e 332
D
Data EEPROM MEMOTXY ......cooiiiiiiiiiiieeiiieeeiee e 73
Erasing ....ccccccoeevneen.
Operations
Programming
BUIK Erase .......ccoooeiiiiiiiiiicec e
Reading Data EEPROM
Single-Word Write ........ccccoiiiiiiiiiiee e
Programming Control Registers
NVMADR(U) i 75
NVMCON L. 73
NVMEKEY ..ot 73
Data Memory
AdAress SPace .......cccoceeeaiiiieiiiee e 43
Width ............. ....43
Near Data Space ........ ...44
Organization, Alignment .. ... 44
SFR SPACE ....oieeiiie ettt 44
Software Stack ........ccccceririieiie i 63
Data Space
MemMOry Map ... 43
DC Characteristics
BOR Trip POINtS ..o
[©70] 017 o= 1= 1 (o] SRS
CTMU Current Source .
Data EEPROM MeMOTrY ......ccceeeiiiieaiiiieeiiee e 276
High/Low-Voltage Detect ..........ccoceeeeiveeiviiieeiienee 269
I/0O Pin Input Specifications ...........cccceeevveeicireennns 274
I/0O Pin Output Specifications ...........cccceeieiiiieennnes 275
Idle Current (lIDLE)
Internal Voltage Regulator ...........ccccoevviiiiieeeniinnns 277
Operating Current (IDD) ......ccoooeeeiiiiieeie e 270
Operational Amplifier ......... ..278
Power-Down Current (IPD) ... ..272
Program Memory ..........ccccooiiiiiiiiinens ..275
Temperature and Voltage Specifications ................. 268
Demo/Development Boards, Evaluation and
Starter KitS .....ooooiiiee e
Development Support ... .
Third-Party TOOIS ........cceveeiiiiiiiieie e
Device Features
PIC24F16KM104 Family ........cccoooieiiiiieiieeeee e 16
PIC24F16KM204 Family
PIC24FV16KM104 Family ........cccooieiiiieiiiiiieeeee. 18
PIC24FV16KM204 Family ........ccccooeiiiieiiiiieeineee. 17

Device OVEIVIEW .........ooiiiiiiiiiiieciiee e
Core Features .........oooiiiieeiiie e
Other Special Features ...
Pinout Description ..........cccooiiiiiiiie e

Dual Operational Amplifier ...........cccooioieiiieiiiee e

E

Electrical Characteristics
Absolute Maximum Ratings ........cccccevecvieireeeeiiiiienns 265
Thermal Operating Conditions ...........ccccceevieienneen. 268
Thermal Packaging .......ccceeevevuiiieeeeeeniiieieeeeeeeiieees 268

Equations
A/D Conversion Clock Period ..........cccoooiiieiiiieannn.

UARTx Baud Rate with BRGH =0 .
UARTx Baud Rate with BRGH =1 .

Errata ..o
Examples
Baud Rate Error Calculation (BRGH =0) ................ 174
F
Flash Program Memory
Control RegISters .......ccoooiiiiiiiie e
Enhanced ICSP Operation ....
Programming Algorithm .....
Programming Operations ...........cccceevieieiiireeniieees
RTSP Operation .........cocceeveiiieeciee et
Table INStructions .........ccoooiieiiiiieeee e
G
Getting Started Guidelines ..........ccoccoeeiiiieeniei e
External Oscillator Pins ...
ICSP Pins ..ccccovevviieiine
Master Clear (MCLR) Pin
Power Supply Pins .......ccoooeiiiiiiiiieeeceee e
Unused I/Os
Voltage Regulator Pin (VCAP) ......cooiiiiiiiiieeeieee e, 31
H
High/Low-Voltage Detect (HLVD) ......ccoceeiiiiiaiiiieeiieene 207
I
I/0 Ports
Analog Port Pins Configuration ............ccccccecvevennneen. 138
Analog Selection Registers
Input Change Notification ............ccccceeevvieevcieeennen.
Open-Drain Configuration .. .
Parallel (P1O) ..o
IN-Circuit DEDUGQET ...cccovieeeciiiie e
In-Circuit Serial Programming (ICSP) ......ccccccvviiviieenenn. 259
Inter-Integrated Circuit. See 12C.
Internet AdAress .........occcveiiiiiieiiie e 332
Interrupts
Alternate Interrupt Vector Table (AIVT) ......ccoeeeneeen. 85
Control and Status Registers .................... ... 88
Implemented Vectors ......... .. 87
Interrupt Vector Table (IVT) ....85
Reset SeqUENCE ........coccoiiiiiiiiiiiee s 85
Setup Procedures ........ccceeeeeiie i 119

Trap Vectors
Vector Table ...

DS30003030B-page 328

© 2013 Microchip Technology Inc.



PIC24FV16KM204 FAMILY

NOTES:

DS30003030B-page 336 © 2013 Microchip Technology Inc.



