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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"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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PIC24F16KL402 FAMILY
TABLE 1-2: DEVICE FEATURES FOR PIC24F16KL40X/30X DEVICES 
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Operating Frequency DC – 32 MHz 

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

Program Memory (instructions) 5632 2816 2816 5632 2816 2816

Data Memory (bytes) 1024 1024 1024 1024 1024 1024

Data EEPROM Memory (bytes) 512 512 256 512 512 256

Interrupt Sources 
(soft vectors/NMI traps)

31 (27/4) 31 (27/4) 30 (26/4) 31 (27/4) 31 (27/4) 30 (26/4)

I/O Ports PORTA<7:0> 
PORTB<15:0>

PORTA<6:0>
PORTB<15:12,9:7,4,2:0>

Total I/O Pins 24 18

Timers (8/16-bit) 2/2 2/2 2/2 2/2 2/2 2/2

Capture/Compare/PWM modules:

   Total 3 3 3 3 3 3

   Enhanced CCP 1 1 1 1 1 1

Input Change Notification Interrupt 23 23 23 17 17 17

Serial Communications: 

   UART 2 2 2 2 2 2

   MSSP 2 2 2 2 2 2

10-Bit Analog-to-Digital Module 
(input channels)   

12 12 — 12 12 —

Analog Comparators 2 2 2 2 2 2

Resets (and delays) POR, BOR, RESET Instruction, MCLR, WDT, Illegal Opcode, 
REPEAT Instruction, Hardware Traps, Configuration Word Mismatch 

(PWRT, OST, PLL Lock) 

Instruction Set 76 Base Instructions, Multiple Addressing Mode Variations

Packages 28-Pin SPDIP/SSOP/SOIC/QFN 20-Pin PDIP/SSOP/SOIC/QFN
 2011-2013 Microchip Technology Inc. DS30001037C-page 11



PIC24F16KL402 FAMILY
TABLE 1-4: PIC24F16KL40X/30X FAMILY PINOUT DESCRIPTIONS

Function

Pin Number

I/O Buffer Description
20-Pin 
PDIP/
SSOP/
SOIC

20-Pin 
QFN

28-Pin 
SPDIP/
SSOP/
SOIC

28-Pin 
QFN

AN0 2 19 2 27 I ANA A/D Analog Inputs. Not available on PIC24F16KL30X 
family devices.AN1 3 20 3 28 I ANA

AN2 4 1 4 1 I ANA

AN3 5 2 5 2 I ANA

AN4 6 3 6 3 I ANA

AN5 — — 7 4 I ANA

AN9 18 15 26 23 I ANA

AN10 17 14 25 22 I ANA

AN11 16 13 24 21 I ANA

AN12 15 12 23 20 I ANA

AN13 7 4 9 6 I ANA

AN14 8 5 10 7 I ANA

AN15 9 6 11 8 I ANA

ASCL1 — — 15 12 I/O I2C™ Alternate MSSP1 I2C Clock Input/Output

ASDA1 — — 14 11 I/O I2C Alternate MSSP1 I2C Data Input/Output

AVDD 20 17 28 25 I ANA Positive Supply for Analog modules

AVSS 19 16 27 24 I ANA Ground Reference for Analog modules

CCP1 14 11 20 17 I/O ST CCP1/ECCP1 Capture Input/Compare and PWM 
Output

CCP2 15 12 23 20 I/O ST CCP2 Capture Input/Compare and PWM Output

CCP3 13 10 19 16 I/O ST CCP3 Capture Input/Compare and PWM Output

C1INA 8 5 7 4 I ANA Comparator 1 Input A (+)

C1INB 7 4 6 3 I ANA Comparator 1 Input B (-)

C1INC 5 2 5 2 I ANA Comparator 1 Input C (+)

C1IND 4 1 4 1 I ANA Comparator 1 Input D (-)

C1OUT 17 14 25 22 O — Comparator 1 Output

C2INA 5 2 5 2 I ANA Comparator 2 Input A (+)

C2INB 4 1 4 1 I ANA Comparator 2 Input B (-)

C2INC 8 5 7 4 I ANA Comparator 2 Input C (+)

C2IND 7 4 6 3 I ANA Comparator 2 Input D (-)

C2OUT 14 11 20 17 O — Comparator 2 Output

CLK I 7 4 9 6 I ANA Main Clock Input

CLKO 8 5 10 7 O — System Clock Output

Legend: TTL = TTL input buffer ST = Schmitt Trigger input buffer
ANA = Analog level input/output I2C = I2C™/SMBus input buffer
DS30001037C-page 14  2011-2013 Microchip Technology Inc.



PIC24F16KL402 FAMILY
3.2 CPU Control Registers

REGISTER 3-1: SR: ALU STATUS REGISTER

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

— — — — — — — DC

bit 15 bit 8

R/W-0(1) R/W-0(1) R/W-0(1) R-0 R/W-0 R/W-0 R/W-0 R/W-0

IPL2(2) IPL1(2) IPL0(2) RA N OV Z C

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 DC: ALU Half Carry/Borrow bit

1 = A carry-out from the 4th low-order bit (for byte-sized data) or 8th low-order bit (for word-sized data)
of the result occurred

0 = No carry-out from the 4th or 8th low-order bit of the result has occurred

bit 7-5 IPL<2:0>: CPU Interrupt Priority Level (IPL) Status bits(1,2)

111 = CPU Interrupt Priority Level is 7 (15); user interrupts 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)

bit 4 RA: REPEAT Loop Active bit

1 = REPEAT loop in progress
0 = REPEAT loop not in progress

bit 3 N: ALU Negative bit

1 = Result was negative
0 = Result was non-negative (zero or positive)

bit 2 OV: ALU Overflow bit

1 = Overflow occurred for signed (2’s complement) arithmetic in this arithmetic operation
0 = No overflow has occurred

bit 1 Z: ALU Zero bit

1 = An operation, which effects the Z bit, has set it at some time in the past
0 = The most recent operation, which effects the Z bit, has cleared it (i.e., a non-zero result)

bit 0 C: ALU Carry/Borrow bit
1 = A carry-out from the Most Significant bit (MSb) of the result occurred
0 = No carry-out from the Most Significant bit (MSb) of the result occurred

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

2: The IPL Status bits are concatenated with the IPL3 bit (CORCON<3>) to form the CPU Interrupt Priority 
Level (IPL). The value in parentheses indicates the IPL when IPL3 = 1.
DS30001037C-page 28  2011-2013 Microchip Technology Inc.



PIC24F16KL402 FAMILY
3.3 Arithmetic Logic Unit (ALU)

The PIC24F ALU is 16 bits wide and is capable of
addition, subtraction, bit shifts and logic operations.
Unless otherwise mentioned, arithmetic operations are
2’s complement in nature. Depending on the operation,
the ALU may affect the values of the Carry (C), Zero
(Z), Negative (N), Overflow (OV) and Digit Carry (DC)
Status bits in the SR register. The C and DC Status bits
operate as Borrow and Digit Borrow bits, respectively,
for subtraction operations.

The ALU can perform 8-bit or 16-bit operations,
depending on the mode of the instruction that is used.
Data for the ALU operation can come from the W
register array, or data memory, depending on the
addressing mode of the instruction. Likewise, output
data from the ALU can be written to the W register array
or a data memory location.

The PIC24F CPU incorporates hardware support for
both multiplication and division. This includes a
dedicated hardware multiplier and support hardware
division for a 16-bit divisor. 

3.3.1 MULTIPLIER

The ALU contains a high-speed, 17-bit x 17-bit
multiplier. It supports unsigned, signed or mixed sign
operation in several Multiplication modes:

• 16-bit x 16-bit signed
• 16-bit x 16-bit unsigned
• 16-bit signed x 5-bit (literal) unsigned
• 16-bit unsigned x 16-bit unsigned
• 16-bit unsigned x 5-bit (literal) unsigned
• 16-bit unsigned x 16-bit signed
• 8-bit unsigned x 8-bit unsigned

REGISTER 3-2: CORCON: CPU CONTROL REGISTER

U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0

— — — — — — — —

bit 15 bit 8

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

— — — — IPL3(1) PSV — —

bit 7 bit 0

Legend: C = 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 15-4 Unimplemented: Read as ‘0’

bit 3 IPL3: CPU Interrupt Priority Level Status bit(1)

1 = CPU Interrupt Priority Level is greater than 7
0 = CPU Interrupt Priority Level is 7 or less

bit 2 PSV: Program Space Visibility in Data Space Enable bit

1 = Program space is visible in data space
0 = Program space is not visible in data space

bit 1-0 Unimplemented: Read as ‘0’

Note 1: User interrupts are disabled when IPL3 = 1.
 2011-2013 Microchip Technology Inc. DS30001037C-page 29
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4.2 Data Address Space

The PIC24F core has a separate, 16-bit wide data
memory space, addressable as a single linear range.
The data space is accessed using two Address
Generation Units (AGUs); one each for read and write
operations. The data space memory map is shown in
Figure 4-3. 

All Effective Addresses (EAs) in the data memory space
are 16 bits wide and point to bytes within the data space.
This gives a data space address range of 64 Kbytes or
32K words. The lower half of the data memory space
(that is, when EA<15> = 0) is used for implemented
memory addresses, while the upper half (EA<15> = 1) is
reserved for the Program Space Visibility (PSV) area
(see Section 4.3.3 “Reading Data From Program
Memory Using Program Space Visibility”).

Depending on the particular device, PIC24F16KL402
family devices implement either 512 or 1024 words of
data memory. If an EA points to a location outside of
this area, an all zero word or byte will be returned.

4.2.1 DATA SPACE WIDTH

The data memory space is organized in
byte-addressable, 16-bit wide blocks. Data is aligned in
data memory and registers as 16-bit words, but all the
data space EAs resolve to bytes. The Least Significant
Bytes (LSBs) of each word have even addresses, while
the Most Significant Bytes (MSBs) have odd
addresses.

FIGURE 4-3: DATA SPACE MEMORY MAP FOR PIC24F16KL402 FAMILY DEVICES(3) 

0000h
07FEh

FFFEh

LSB
AddressLSBMSB

MSB
Address

0001h
07FFh

0BFFh(2)

FFFFh

8001h 8000h
7FFFh

0801h 0800h

Near

0BFEh(2)

SFRSFR Space

Data RAM

7FFFh

Program Space
Visibility Area

Note 1: Upper data memory boundary for PIC24FXXKL10X/20X devices.
2: Upper data memory boundary for PIC24FXXKL30X/40X devices.
3: Data memory areas are not shown to scale.

1FFEh1FFFh

Space

Data SpaceImplemented
Data RAM

Unimplemented
Read as ‘0’

09FFh(1) 09FEh(1)
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Bit 3 Bit 2 Bit 1 Bit 0
All 

Resets

CNP CN3PDE CN2PDE CN1PDE CN0PDE 0000

CNP — — — CN16PDE(2) 0000

CNE CN3IE CNIE CN1IE CN0IE 0000

CNE — — — CN16IE(2) 0000

CNP CN3PUE CN2PUE CN1PUE CN0PUE 0000

CNP — — — CN16PUE(2) 0000

Leg

Note
 

LE 4-4: ICN REGISTER MAP 

le 
e

Addr Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4

D1 0056 CN15PDE(1) CN14PDE(1) CN13PDE(1) CN12PDE CN11PDE — CN9PDE(2) CN8PDE CN7PDE(2) CN6PDE(1) CN5PDE(1) CN4PDE(1)

D2 0058 — CN30PDE CN29PDE — CN27PDE(2) — — CN24PDE(2) CN23PDE(1) CN22PDE CN21PDE —

N1 0062 CN15IE(1) CN14IE(1) CN13IE(1) CN12IE CN11IE — CN9IE(1) CN8IE CN7IE(1) CN6IE(2) CN5PIE(2) CN4IE(2)

N2 0064 — CN30IE CN29IE — CN27IE(2) — — CN24IE(2) CN23IE(1) CN22IE CN21IE —

U1 006E CN15PUE(1) CN14PUE(1) CN13PUE(1) CN12PUE CN11PUE — CN9PUE(1) CN8PUE CN7PUE(1) CN6PUE(2) CN5PUE(2) CN4PUE(2)

U2 0070 — CN30PUE CN29PUE — CN27PUE(2) — — CN24PUE(2) CN23PUE(1) CN22PUE CN21PUE —

end: — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.

1: These bits are unimplemented in 14-pin devices; read as ‘0’.
2: These bits are unimplemented in 14-pin and 20-pin devices; read as ‘0’.



PIC24F16KL402 FAMILY
REGISTER 8-6: IFS1: INTERRUPT FLAG STATUS REGISTER 1

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

U2TXIF(1) U2RXIF(1) INT2IF — T4IF(1) — CCP3IF(1) —

bit 15 bit 8

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

— — — INT1IF CNIF CMIF BCL1IF SSP1IF

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 U2TXIF: UART2 Transmitter Interrupt Flag Status bit(1)

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

bit 14 U2RXIF: UART2 Receiver Interrupt Flag Status bit(1)

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 Unimplemented: Read as ‘0’ 

bit 11 T4IF: Timer4 Interrupt Flag Status bit(1) 

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

bit 10 Unimplemented: Read as ‘0’ 

bit 9 CCP3IF: Capture/Compare/PWM3 Interrupt Flag Status bit(1)

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

bit 8-5 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 SSP1IF: MSSP1 SPI/I2C Event Interrupt Flag Status bit

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

Note 1: These bits are unimplemented on PIC24FXXKL10X and PIC24FXXKL20X devices.
DS30001037C-page 74  2011-2013 Microchip Technology Inc.



PIC24F16KL402 FAMILY
REGISTER 8-13: IEC2: INTERRUPT ENABLE CONTROL REGISTER 2

U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0

— — — — — — — —

bit 15 bit 8

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

— — T3GIE — — — — —

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 15-6 Unimplemented: Read as ‘0’

bit 5 T3GIF: Timer3 External Gate Interrupt Enable bit 

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

bit 4-0 Unimplemented: Read as ‘0’

REGISTER 8-14: IEC3: INTERRUPT ENABLE CONTROL REGISTER 3 

U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0

— — — — — — — —

bit 15 bit 8

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

— — — — — BCL2IE(1) SSP2IE(1) —

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 15-3 Unimplemented: Read as ‘0’

bit 2 BCL2IE: MSSP2 I2C™ Bus Collision Interrupt Enable bit(1)

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

bit 1 SSP2IF: MSSP2 SPI/I2C Event Interrupt Enable bit(1)

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

bit 0 Unimplemented: Read as ‘0’

Note 1: These bits are unimplemented on PIC24FXXKL10X and PIC24FXXKL20X devices.
 2011-2013 Microchip Technology Inc. DS30001037C-page 79
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REGISTER 8-17: IPC0: INTERRUPT PRIORITY CONTROL REGISTER 0

U-0 R/W-1 R/W-0 R/W-0 U-0 R/W-1 R/W-0 R/W-0

— T1IP2 T1IP1 T1IP0 — CCP1IP2 CCP1IP1 CCP1IP0

bit 15 bit 8

U-0 U-0 U-0 U-0 U-0 R/W-1 R/W-0 R/W-0

— — — — — INT0IP2 INT0IP1 INT0IP0

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 T1IP<2:0>: Timer1 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 CCP1IP<2:0>: Capture/Compare/PWM1 Interrupt Priority bits

111 = Interrupt is Priority 7 (highest priority interrupt)
•
•
•
001 = Interrupt is Priority 1
000 = Interrupt source is disabled

bit 7-3 Unimplemented: Read as ‘0’

bit 2-0 INT0IP<2:0>: External Interrupt 0 Priority bits

111 = Interrupt is Priority 7 (highest priority interrupt)
•
•
•
001 = Interrupt is Priority 1
000 = Interrupt source is disabled
 2011-2013 Microchip Technology Inc. DS30001037C-page 81
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REGISTER 8-20: IPC3: INTERRUPT PRIORITY CONTROL REGISTER 3

U-0 R/W-1 R/W-0 R/W-0 U-0 U-0 U-0 U-0

— NVMIP2 NVMIP1 NVMIP0 — — — —

bit 15 bit 8

U-0 R/W-1 R/W-0 R/W-0 U-0 R/W-1 R/W-0 R/W-0

— AD1IP2 AD1IP1 AD1IP0 — U1TXIP2 U1TXIP1 U1TXIP0

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 NVMIP<2:0>: NVM Interrupt Priority bits

111 = Interrupt is Priority 7 (highest priority interrupt)
•
•
•
001 = Interrupt is Priority 1
000 = Interrupt source is disabled

bit 11-7 Unimplemented: Read as ‘0’

bit 6-4 AD1IP<2:0>: A/D Conversion Complete Interrupt Priority bits

111 = Interrupt is Priority 7 (highest priority interrupt)
•
•
•
001 = Interrupt is Priority 1
000 = Interrupt source is disabled

bit 3 Unimplemented: Read as ‘0’

bit 2-0 U1TXIP<2:0>: UART1 Transmitter Interrupt Priority bits

111 = Interrupt is Priority 7 (highest priority interrupt)
•
•
•
001 = Interrupt is Priority 1
000 = Interrupt source is disabled
DS30001037C-page 84  2011-2013 Microchip Technology Inc.
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11.0 I/O PORTS

All of the device pins (except VDD and VSS) are shared
between the peripherals and the parallel I/O ports. All
I/O input ports feature Schmitt Trigger inputs for
improved noise immunity.

11.1 Parallel I/O (PIO) Ports

A parallel I/O port that shares a pin with a peripheral is,
in general, subservient to the peripheral. The
peripheral’s output buffer data and control signals are
provided to a pair of multiplexers. The multiplexers
select whether the peripheral or the associated port
has ownership of the output data and control signals of
the I/O pin. Figure 11-1 illustrates how ports are shared
with other peripherals and the associated I/O pin to
which they are connected. 

When a peripheral is enabled and the peripheral is
actively driving an associated pin, the use of the pin as
a general purpose output pin is disabled. The I/O pin
may be read, but the output driver for the parallel port
bit will be disabled. If a peripheral is enabled, but the
peripheral is not actively driving a pin, that pin may be
driven by a port.

All port pins have three registers directly associated
with their operation as digital I/O. The Data Direction
register (TRISx) determines whether the pin is an input
or an output. If the data direction bit is a ‘1’, then the pin
is an input. All port pins are defined as inputs after a
Reset. Reads from the Data Latch register (LATx), read
the latch. Writes to the Data Latch, write the latch.
Reads from the port (PORTx), read the port pins, while
writes to the port pins, write the latch.

Any bit and its associated data and control registers,
that are not valid for a particular device, will be dis-
abled. That means the corresponding LATx and TRISx
registers, and the port pin will read as zeros.

When a pin is shared with another peripheral or func-
tion that is defined as an input only, it is nevertheless,
regarded as a dedicated port because there is no
other competing source of outputs.

FIGURE 11-1: BLOCK DIAGRAM OF A TYPICAL SHARED I/O PORT STRUCTURE 

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 I/O
Ports, refer to the “dsPIC33/PIC24 Family
Reference Manual”, “I/O Ports with
Peripheral Pin Select (PPS)” (DS39711).
Note that the PIC24F16KL402 family
devices do not support Peripheral Pin
Select features.
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WR LAT +

TRIS Latch

I/O Pin

WR PORT

Data Bus

QD
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Data Latch

Read PORT

Read TRIS
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0
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0

WR TRIS

Peripheral Output Data

Peripheral Input Data

I/O

Peripheral Module

Peripheral Output Enable

PIO Module

Output Multiplexers

Output Data

Input Data

Peripheral Module Enable

Read LAT

Output Enable
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REGISTER 16-6: CCPTMRS0: CCP TIMER SELECT CONTROL REGISTER 0(1)

U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0

— — — — — — — —

bit 15 bit 8

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

— C3TSEL0 — — C2TSEL0 — — C1TSEL0

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-7 Unimplemented: Read as ‘0’

bit 6 C3TSEL0: CCP3 Timer Selection bit

1 = CCP3 uses TMR3/TMR4
0 = CCP3 uses TMR3/TMR2

bit 5-4 Unimplemented: Read as ‘0’

bit 3 C2TSEL0: CCP2 Timer Selection bit

1 = CCP2 uses TMR3/TMR4
0 = CCP2 uses TMR3/TMR2

bit 2-1 Unimplemented: Read as ‘0’

bit 0 C1TSEL0: CCP1/ECCP1 Timer Selection bit

1 = CCP1/ECCP1 uses TMR3/TMR4
0 = CCP1/ECCP1 uses TMR3/TMR2

Note 1: This register is unimplemented on PIC24FXXKL20X/10X devices; maintain as ‘0’.
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REGISTER 17-7: SSPxCON3: MSSPx CONTROL REGISTER 3 (I2C™ MODE)

U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0

— — — — — — — —

bit 15 bit 8

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

ACKTIM(2) PCIE SCIE BOEN SDAHT SBCDE AHEN DHEN

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-8 Unimplemented: Read as ‘0’

bit 7 ACKTIM: Acknowledge Time Status bit(2)

1 = Indicates the I2C bus is in an Acknowledge sequence, set on the 8th falling edge of the SCLx clock
0 = Not an Acknowledge sequence, cleared on the 9th rising edge of the SCLx clock

bit 6 PCIE: Stop Condition Interrupt Enable bit

1 = Enables interrupt on detection of a Stop condition
0 = Stop detection interrupts are disabled(1)

bit 5 SCIE: Start Condition Interrupt Enable bit

1 = Enables interrupt on detection of the Start or Restart conditions
0 = Start detection interrupts are disabled(1)

bit 4 BOEN: Buffer Overwrite Enable bit

I2     C Master mode:
This bit is ignored.

I2     C Slave mode:
1 = SSPxBUF is updated and an ACK is generated for a received address/data byte, ignoring the state

of the SSPOV bit only if the BF bit = 0
0 = SSPxBUF is only updated when SSPOV is clear

bit 3 SDAHT: SDAx Hold Time Selection bit

1 = Minimum of 300 ns hold time on SDAx after the falling edge of SCLx
0 = Minimum of 100 ns hold time on SDAx after the falling edge of SCLx

bit 2 SBCDE: Slave Mode Bus Collision Detect Enable bit (Slave mode only)

1 = Enables slave bus collision interrupts
0 = Slave bus collision interrupts are disabled

bit 1 AHEN: Address Hold Enable bit (Slave mode only)

1 = Following the 8th falling edge of SCLx for a matching received address byte; the CKP bit of the
SSPxCON1 register will be cleared and SCLx will be held low

0 = Address holding is disabled

bit 0 DHEN: Data Hold Enable bit (Slave mode only)

1 = Following the 8th falling edge of SCLx for a received data byte; slave hardware clears the CKP bit
of the SSPxCON1 register and SCLx is held low

0 = Data holding is disabled

Note 1: This bit has no effect in Slave modes for which Start and Stop condition detection is explicitly listed as 
enabled.

2: The ACKTIM status bit is active only when the AHEN bit or DHEN bit is set.
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18.2 Transmitting in 8-Bit Data Mode

1. Set up the UART:

a) Write appropriate values for data, parity and
Stop bits.

b) Write appropriate baud rate value to the
UxBRG register.

c) Set up transmit and receive interrupt enable
and priority bits.

2. Enable the UART.

3. Set the UTXEN bit (causes a transmit interrupt,
two cycles after being set).

4. Write data byte to lower byte of UxTXREG word.
The value will be immediately transferred to the
Transmit Shift Register (TSR) and the serial bit
stream will start shifting out with the next rising
edge of the baud clock.

5. Alternately, the data byte may be transferred
while UTXEN = 0 and then, the user may set
UTXEN. This will cause the serial bit stream to
begin immediately, because the baud clock will
start from a cleared state.

6. A transmit interrupt will be generated as per
interrupt control bit, UTXISELx.

18.3 Transmitting in 9-Bit Data Mode

1. Set up the UART (as described in Section 18.2
“Transmitting in 8-Bit Data Mode”).

2. Enable the UART.

3. Set the UTXEN bit (causes a transmit interrupt,
two cycles after being set).

4. Write UxTXREG as a 16-bit value only.

5. A word write to UxTXREG triggers the transfer
of the 9-bit data to the TSR. The serial bit stream
will start shifting out with the first rising edge of
the baud clock.

6. A transmit interrupt will be generated as per the
setting of control bit, UTXISELx.

18.4 Break and Sync Transmit 
Sequence

The following sequence will send a message frame
header made up of a Break, followed by an auto-baud
Sync byte.

1. Configure the UART for the desired mode.

2. Set UTXEN and UTXBRK – sets up the Break
character.

3. Load the UxTXREG with a dummy character to
initiate transmission (value is ignored).

4. Write ‘55h’ to UxTXREG – loads the Sync
character into the transmit FIFO.

5. After the Break has been sent, the UTXBRK bit
is reset by hardware. The Sync character now
transmits.

18.5 Receiving in 8-Bit or 9-Bit Data 
Mode

1. Set up the UART (as described in Section 18.2
“Transmitting in 8-Bit Data Mode”).

2. Enable the UART.

3. A receive interrupt will be generated when one
or more data characters have been received as
per interrupt control bit, URXISELx.

4. Read the OERR bit to determine if an overrun
error has occurred. The OERR bit must be reset
in software.

5. Read UxRXREG.

The act of reading the UxRXREG character will move
the next character to the top of the receive FIFO,
including a new set of PERR and FERR values.

18.6 Operation of UxCTS and UxRTS 
Control Pins

UARTx Clear-to-Send (UxCTS) and Request-to-Send
(UxRTS) are the two hardware-controlled pins that are
associated with the UART module. These two pins
allow the UART to operate in Simplex and Flow Control
modes. They are implemented to control the
transmission and reception between the Data Terminal
Equipment (DTE). The UEN<1:0> bits in the UxMODE
register configure these pins.

18.7 Infrared Support

The UART module provides two types of infrared UART
support: one is the IrDA clock output to support an
external IrDA encoder and decoder device (legacy
module support), and the other is the full
implementation of the IrDA encoder and decoder. 

As the IrDA modes require a 16x baud clock, they will
only work when the BRGH bit (UxMODE<3>) is ‘0’.

18.7.1 EXTERNAL IrDA SUPPORT – IrDA 
CLOCK OUTPUT

To support external IrDA encoder and decoder devices,
the UxBCLK pin (same as the UxRTS pin) can be
configured to generate the 16x baud clock. When
UEN<1:0> = 11, the UxBCLK pin will output the 16x
baud clock if the UART module is enabled; it can be
used to support the IrDA codec chip.

18.7.2 BUILT-IN IrDA ENCODER AND 
DECODER

The UART has full implementation of the IrDA encoder
and decoder as part of the UART module. The built-in
IrDA encoder and decoder functionality is enabled
using the IREN bit (UxMODE<12>). When enabled
(IREN = 1), the receive pin (UxRX) acts as the input
from the infrared receiver. The transmit pin (UxTX) acts
as the output to the infrared transmitter.
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21.0 COMPARATOR VOLTAGE 
REFERENCE

21.1 Configuring the Comparator 
Voltage Reference

The comparator voltage reference module is controlled
through the CVRCON register (Register 21-1). The
comparator voltage reference provides a range of
output voltages, with 32 distinct levels. 

The comparator voltage reference supply voltage can
come from either VDD and VSS, or the external VREF+
and VREF-. The voltage source is selected by the
CVRSS bit (CVRCON<5>).

The settling time of the comparator voltage reference
must be considered when changing the CVREF output.

FIGURE 21-1: COMPARATOR VOLTAGE REFERENCE BLOCK DIAGRAM 

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
Comparator Voltage Reference, refer to the
“dsPIC33/PIC24 Family Reference Man-
ual”, “Comparator Voltage Reference
Module” (DS39709).

32
-t

o
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U

X

CVR<3:0>
8R

RCVREN

CVRSS = 0
AVDD

VREF+
CVRSS = 1 

8R

CVRSS = 0

VREF-
CVRSS = 1

R

R

R

R

R

R

32 Steps
CVREF

AVSS
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REGISTER 22-1: HLVDCON: HIGH/LOW-VOLTAGE DETECT CONTROL REGISTER  

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

HLVDEN — HLSIDL — — — — —

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

VDIR BGVST IRVST — HLVDL3 HLVDL2 HLVDL1 HLVDL0

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 HLVDEN: High/Low-Voltage Detect Power Enable bit

1 = HLVD is enabled
0 = HLVD is disabled

bit 14 Unimplemented: Read as ‘0’

bit 13 HLSIDL: HLVD Stop in Idle Mode bit

1 = Discontinues module operation when the device enters Idle mode
0 = Continues module operation in Idle mode

bit 12-8 Unimplemented: Read as ‘0’

bit 7 VDIR: Voltage Change Direction Select bit

1 = Event occurs when the voltage equals or exceeds the trip point (HLVDL<3:0>)
0 = Event occurs when the voltage equals or falls below the trip point (HLVDL<3:0>)

bit 6 BGVST: Band Gap Voltage Stable Flag bit

1 = Indicates that the band gap voltage is stable
0 = Indicates that the band gap voltage is unstable

bit 5 IRVST: Internal Reference Voltage Stable Flag bit

1 = Indicates that the internal reference voltage is stable and the High-Voltage Detect logic generates
the interrupt flag at the specified voltage range

0 = Indicates that the internal reference voltage is unstable and the High-Voltage Detect logic will not
generate the interrupt flag at the specified voltage range, and the HLVD interrupt should not be
enabled

bit 4 Unimplemented: Read as ‘0’

bit 3-0 HLVDL<3:0>: High/Low-Voltage Detection Limit bits

1111 = External analog input is used (input comes from the HLVDIN pin)
1110 = Trip Point 14(1)

1101 = Trip Point 13(1)

1100 = Trip Point 12(1)

.

.

.
0000 = Trip Point 0(1)

Note 1: For the actual trip point, see Section 26.0 “Electrical Characteristics”.
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REGISTER 23-5: FWDT: WATCHDOG TIMER CONFIGURATION REGISTER

R/P-1 R/P-1 R/P-0 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1

FWDTEN1 WINDIS FWDTEN0 FWPSA WDTPS3 WDTPS2 WDTPS1 WDTPS0

bit 7 bit 0

Legend:

R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 7,5 FWDTEN<1:0>: Watchdog Timer Enable bits 

11 = WDT is enabled in hardware
10 = WDT is controlled with the SWDTEN bit setting
01 = WDT is enabled only while device is active; WDT is disabled in Sleep, SWDTEN bit is disabled
00 = WDT is disabled in hardware; SWDTEN bit is disabled

bit 6 WINDIS: Windowed Watchdog Timer Disable bit

1 = Standard WDT is selected; windowed WDT is disabled
0 = Windowed WDT is enabled; note that executing a CLRWDT instruction while the WDT is disabled

in hardware and software (FWDTEN<1:0> = 00 and SWDTEN (RCON<5> = 0) will not cause a
device Reset

bit 4 FWPSA: WDT Prescaler bit

1 = WDT prescaler ratio of 1:128
0 = WDT prescaler ratio of 1:32

bit 3-0 WDTPS<3:0>: Watchdog Timer Postscale Select bits

1111 = 1:32,768
1110 = 1:16,384
1101 = 1:8,192
1100 = 1:4,096
1011 = 1:2,048
1010 = 1:1,024
1001 = 1:512
1000 = 1:256
0111 = 1:128
0110 = 1:64
0101 = 1:32
0100 = 1:16
0011 = 1:8
0010 = 1:4
0001 = 1:2
0000 = 1:1
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TABLE 26-10: DC CHARACTERISTICS: I/O PIN INPUT SPECIFICATIONS

DC CHARACTERISTICS
Standard Operating Conditions: 1.8V to 3.6V 
Operating temperature -40°C  TA  +85°C for Industrial
                                          -40°C  TA  +125°C for Extended

Param
 No.

Sym Characteristic Min Typ(1) Max Units Conditions

VIL Input Low Voltage(4)

DI10 I/O Pins VSS — 0.2 VDD V

DI15 MCLR VSS — 0.2 VDD V

DI16 OSCI (XT mode) VSS — 0.2 VDD V

DI17 OSCI (HS mode) VSS — 0.2 VDD V

DI18 I/O Pins with I2C™ Buffer VSS — 0.3 VDD V SMBus disabled

DI19 I/O Pins with SMBus Buffer VSS — 0.8 V SMBus enabled

VIH Input High Voltage(4,5)

DI20 I/O Pins:
   with Analog Functions
   Digital Only

0.8 VDD

0.8 VDD

—
—

VDD

VDD

V
V

DI25 MCLR 0.8 VDD — VDD V

DI26 OSCI (XT mode) 0.7 VDD — VDD V

DI27 OSCI (HS mode) 0.7 VDD — VDD V

DI28 I/O Pins with I2C Buffer:
   with Analog Functions
   Digital Only

0.7 VDD

0.7 VDD

—
—

VDD

VDD

V
V

DI29 I/O Pins with SMBus 2.1 — VDD V 2.5V  VPIN  VDD

DI30 ICNPU CNx Pull-up Current 50 250 500 A VDD = 3.3V, VPIN = VSS

DI31 IPU Maximum Load Current 
for Digital High Detection 
w/Internal Pull-up

— — 30 A VDD = 2.0V

— — 1000 A VDD = 3.3V

IIL Input Leakage
Current(2,3)

DI50 I/O Ports — 0.050 ±0.100 A VSS  VPIN  VDD,
Pin at high-impedance

DI51 VREF+, VREF-, AN0, AN1 — 0.300 ±0.500 A VSS  VPIN  VDD,
Pin at high-impedance

Note 1: Data in “Typ” column is at 3.3V, +25°C unless otherwise stated.

2: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified 
levels represent normal operating conditions. Higher leakage current may be measured at different input 
voltages.

3: Negative current is defined as current sourced by the pin.

4: Refer to Table 1-4 and Table 1-5 for I/O pin buffer types.

5: VIH requirements are met when the internal pull-ups are enabled.
DS30001037C-page 206  2011-2013 Microchip Technology Inc.



PIC24F16KL402 FAMILY
FIGURE 26-13: MSSPx I2C™ BUS START/STOP BITS TIMING WAVEFORMS      

TABLE 26-33: I2C™ BUS START/STOP BITS REQUIREMENTS (MASTER MODE)      
Param.

No.
Symbol Characteristic Min Max Units Conditions

90 TSU:STA Start Condition 100 kHz mode 2(TOSC)(BRG + 1) — ns Only relevant for 
Repeated Start 
condition

Setup Time 400 kHz mode 2(TOSC)(BRG + 1) —

91 THD:STA Start Condition 100 kHz mode 2(TOSC)(BRG + 1) — ns After this period, the 
first clock pulse is 
generated

Hold Time 400 kHz mode 2(TOSC)(BRG + 1) —

92 TSU:STO Stop Condition 100 kHz mode 2(TOSC)(BRG + 1) —
—

ns

Setup Time 400 kHz mode 2(TOSC)(BRG + 1) 

93 THD:STO Stop Condition 100 kHz mode 2(TOSC)(BRG + 1) — ns

Hold Time 400 kHz mode 2(TOSC)(BRG + 1) —

Note: Refer to Figure 26-3 for load conditions.

SCLx

SDAx

Start
Condition

Stop
Condition

91

90

93

92
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