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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"

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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FIGURE 3-1: PIC24F CPU CORE BLOCK DIAGRAM

TABLE 3-1: CPU CORE REGISTERS
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4.0 MEMORY ORGANIZATION

As with Harvard architecture devices, the PIC24F
microcontrollers feature separate program and data
memory space and busing. This architecture also
allows the direct access of program memory from the
data space during code execution.

4.1 Program Address Space

The program address memory space of the PIC24F
devices is 4M instructions. The space is addressable by
a 24-bit value derived from either the 23-bit Program
Counter (PC) during program execution, or from a table
operation or data space remapping, as described in
Section 4.3 “Interfacing Program and Data Memory
Spaces”. 

The user access to the program memory space is
restricted to the lower half of the address range
(000000h to 7FFFFFh). The exception is the use of
TBLRD/TBLWT operations, which use TBLPAG<7> to
permit access to the Configuration bits and Device ID
sections of the configuration memory space. 

Memory maps for the PIC24F16KA102 family of
devices are displayed in Figure 4-1.

FIGURE 4-1: PROGRAM SPACE MEMORY MAP FOR PIC24F16KA102 FAMILY DEVICES 
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Note: Memory areas are not displayed to scale.
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Bit 3 Bit 2 Bit 1 Bit 0
All 

Resets
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rator Register 0000

RCEN PEN RSEN SEN 1000

S R/W RBF TBF 0000

er 0000

AMSK3 AMSK2 AMSK1 AMSK0 0000

Bit 3 Bit 2 Bit 1 Bit 0
All 

Resets

V BRGH PDSEL1 PDSEL0 STSEL 0000

E PERR FERR OERR URXDA 0110

egister 0000

egister 0000

0000

V BRGH PDSEL1 PDSEL0 STSEL 0000

E PERR FERR OERR URXDA 0110

egister 0000

egister 0000

0000

Bit 3 Bit 2 Bit 1 Bit 0
All 

Resets

SISEL1 SISEL0 SPITBF SPIRBF 0000

SPRE1 SPRE0 PPRE1 PPRE0 0000

— — SPIFE SPIBEN 0000

0000
 

 

TABLE 4-9: I2C™ 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

I2C1RCV 0200 — — — — — — — — I2C1 Rec

I2C1TRN 0202 — — — — — — — — I2C1 Tran

I2C1BRG 0204 — — — — — — — I2C1 Baud Rate Gene

I2C1CON 0206 I2CEN — I2CSIDL SCLREL IPMIEN A10M DISSLW SMEN GCEN STREN ACKDT ACKEN

I2C1STAT 0208 ACKSTAT TRSTAT — — — BCL GCSTAT ADD10 IWCOL I2COV D/A P

I2C1ADD 020A — — — — — — I2C1 Address Regist

I2C1MSK 020C — — — — — — AMSK9 AMSK8 AMSK7 AMSK6 AMSK5 AMSK4

Legend: — = unimplemented, read as ‘0’. Reset values are shown in h.5adecimal.

TABLE 4-10: UART 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

U1MODE 0220 UARTEN — USIDL IREN RTSMD — UEN1 UEN0 WAKE LPBACK ABAUD RXIN

U1STA 0222 UTXISEL1 UTXINV UTXISEL0 — UTXBRK UTXEN UTXBF TRMT URXISEL1 URXISEL0 ADDEN RIDL

U1TXREG 0224 — — — — — — — UART1 Transmit R

U1RXREG 0226 — — — — — — — UART1 Receive R

U1BRG 0228 Baud Rate Generator Prescaler Register

U2MODE 0230 UARTEN — USIDL IREN RTSMD — UEN1 UEN0 WAKE LPBACK ABAUD RXIN

U2STA 0232 UTXISEL1 UTXINV UTXISEL0 — UTXBRK UTXEN UTXBF TRMT URXISEL1 URXISEL0 ADDEN RIDL

U2TXREG 0234 — — — — — — — UART2 Transmit R

U2RXREG 0236 — — — — — — — UART2 Receive R

U2BRG 0238 Baud Rate Generator Prescaler

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

TABLE 4-11: SPI 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

SPI1STAT 0240 SPIEN — SPISIDL — — SPIBEC2 SPIBEC1 SPIBEC0 SRMPT SPIROV SRXMPT SISEL2

SPI1CON1 0242 — — — DISSCK DISSDO MODE16 SMP CKE SSEN CKP MSTEN SPRE2

SPI1CON2 0244 FRMEN SPIFSD SPIFPOL — — — — — — — — —

SPI1BUF 0248 SPI1 Transmit/Receive Buffer

Legend: — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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REGISTER 8-14: IPC1: INTERRUPT PRIORITY CONTROL REGISTER 1 

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

— T2IP2 T2IP1 T2IP0 — — — —

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 Unimplemented: Read as ‘0’

bit 14-12 T2IP<2:0>: Timer2 Interrupt Priority bits

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

bit 11-0 Unimplemented: Read as ‘0’
DS39927C-page 80  2008-2011 Microchip Technology Inc.
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REGISTER 8-19: IPC7: INTERRUPT PRIORITY CONTROL REGISTER 7

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

— U2TXIP2 U2TXIP1 U2TXIP0 — U2RXIP2 U2RXIP1 U2RXIP0

bit 15 bit 8

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

— INT2IP2 INT2IP1 INT2IP0 — — — —

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 U2TXIP<2:0>: UART2 Transmitter 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 U2RXIP<2:0>: UART2 Receiver 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 INT2IP<2:0>: External Interrupt 2 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’ 
 2008-2011 Microchip Technology Inc. DS39927C-page 85
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10.2.4.5 Deep Sleep WDT

To enable the DSWDT in Deep Sleep mode, program
the Configuration bit, DSWDTEN (FDS<7>). The
device Watchdog Timer (WDT) need not be enabled for
the DSWDT to function. Entry into Deep Sleep mode
automatically resets the DSWDT.

The DSWDT clock source is selected by the
DSWDTOSC Configuration bit (FDS<4>). The post-
scaler options are programmed by the
DSWDTPS<3:0> Configuration bits (FDS<3:0>). The
minimum time-out period that can be achieved is
2.1 ms and the maximum is 25.7 days. For more
details on the FDS Configuration register and DSWDT
configuration options, refer to Section 26.0 “Special
Features”. 

10.2.4.6 Switching Clocks in Deep Sleep Mode

Both the RTCC and the DSWDT may run from either
SOSC or the LPRC clock source. This allows both the
RTCC and DSWDT to run without requiring both the
LPRC and SOSC to be enabled together, reducing
power consumption.

Running the RTCC from LPRC will result in a loss of
accuracy in the RTCC of approximately 5 to 10%. If a
more accurate RTCC is required, it must be run from the
SOSC clock source. The RTCC clock source is selected
with the RTCOSC Configuration bit (FDS<5>).

Under certain circumstances, it is possible for the
DSWDT clock source to be off when entering Deep
Sleep mode. In this case, the clock source is turned on
automatically (if DSWDT is enabled), without the need
for software intervention. However, this can cause a
delay in the start of the DSWDT counters. In order to
avoid this delay when using SOSC as a clock source,
the application can activate SOSC prior to entering
Deep Sleep mode.

10.2.4.7 Checking and Clearing the Status of 
Deep Sleep

Upon entry into Deep Sleep mode, the status bit
DPSLP (RCON<10>), becomes set and must be
cleared by software.

On power-up, the software should read this status bit to
determine if the Reset was due to an exit from Deep
Sleep mode and clear the bit if it is set. Of the four
possible combinations of DPSLP and POR bit states,
three cases can be considered:

• Both the DPSLP and POR bits are cleared. In this 
case, the Reset was due to some event other 
than a Deep Sleep mode exit.

• The DPSLP bit is clear, but the POR bit is set. 
This is a normal POR.

• Both the DPSLP and POR bits are set. This 
means that Deep Sleep mode was entered, the 
device was powered down and Deep Sleep mode 
was exited.

10.2.4.8 Power-on Resets (PORs)

VDD voltage is monitored to produce PORs. Since exit-
ing from Deep Sleep functionally looks like a POR, the
technique described in Section 10.2.4.7 “Checking
and Clearing the Status of Deep Sleep” should be
used to distinguish between Deep Sleep and a true
POR event.

When a true POR occurs, the entire device, including
all Deep Sleep logic (Deep Sleep registers, RTCC,
DSWDT, etc.) is reset.

10.2.4.9 Summary of Deep Sleep Sequence

To review, these are the necessary steps involved in
invoking and exiting Deep Sleep mode:

1. Device exits Reset and begins to execute its
application code.

2. If DSWDT functionality is required, program the
appropriate Configuration bit.

3. Select the appropriate clock(s) for the DSWDT
and RTCC (optional).

4. Enable and configure the DSWDT (optional).

5. Enable and configure the RTCC (optional).

6. Write context data to the DSGPRx registers
(optional).

7. Enable the INT0 interrupt (optional).

8. Set the DSEN bit in the DSCON register.

9. Enter Deep Sleep by issuing a PWRSV
#SLEEP_MODE command.

10. Device exits Deep Sleep when a wake-up event
occurs.

11. The DSEN bit is automatically cleared.

12. Read and clear the DPSLP status bit in RCON,
and the DSWAKE status bits.

13. Read the DSGPRx registers (optional).

14. Once all state related configurations are
complete, clear the RELEASE bit. 

15. Application resumes normal operation.
DS39927C-page 104  2008-2011 Microchip Technology Inc.
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FIGURE 13-1: TIMER2/3 (32-BIT) BLOCK DIAGRAM
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EXAMPLE 15-1: PWM PERIOD AND DUTY CYCLE CALCULATIONS(1)

TABLE 15-1: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS AT 4 MIPS (FCY = 4 MHz)(1) 

TABLE 15-2: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS AT 16 MIPS (FCY = 16 MHz)(1) 

PWM Frequency 7.6 Hz 61 Hz 122 Hz 977 Hz 3.9 kHz 31.3 kHz 125 kHz

Timer Prescaler Ratio 8 1 1 1 1 1 1

Period Register Value FFFFh FFFFh 7FFFh 0FFFh 03FFh 007Fh 001Fh

Resolution (bits) 16 16 15 12 10 7 5

Note 1: Based on FCY = FOSC/2; Doze mode and PLL are disabled.

PWM Frequency 30.5 Hz 244 Hz 488 Hz 3.9 kHz 15.6 kHz 125 kHz 500 kHz

Timer Prescaler Ratio 8 1 1 1 1 1 1

Period Register Value FFFFh FFFFh 7FFFh 0FFFh 03FFh 007Fh 001Fh

Resolution (bits) 16 16 15 12 10 7 5

Note 1: Based on FCY = FOSC/2; Doze mode and PLL are disabled.

1. Find the Timer Period register value for a desired PWM frequency of 52.08 kHz, where FOSC = 8 MHz with PLL 
(32 MHz device clock rate) and a Timer2 prescaler setting of 1:1. 

TCY = 2 * TOSC = 62.5 ns

PWM Period = 1/PWM Frequency = 1/52.08 kHz = 19.2 s

PWM Period = (PR2 + 1) • TCY • (Timer 2 Prescale Value)

19.2 s = (PR2 + 1) • 62.5 ns • 1 

PR2 = 306

2. Find the maximum resolution of the duty cycle that can be used with a 52.08 kHz frequency and a 32 MHz
device clock rate:

PWM Resolution = log10(FCY/FPWM)/log102) bits 

= (log10(16 MHz/52.08 kHz)/log102) bits

= 8.3 bits

Note 1: Based on TCY = 2 * TOSC; Doze mode and PLL are disabled.
 2008-2011 Microchip Technology Inc. DS39927C-page 127
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20.0 PROGRAMMABLE CYCLIC 
REDUNDANCY CHECK (CRC) 
GENERATOR

The programmable Cyclic Redundancy Check (CRC)
module in PIC24F devices is a software-configurable
CRC checksum generator. The CRC algorithm treats a
message as a binary bit stream and divides it by a fixed
binary number.

The remainder from this division is considered the
checksum. As in division, the CRC calculation is also
an iterative process. The only difference is that these
operations are done on modulo arithmetic based on
mod2. For example, division is replaced with the XOR
operation (i.e., subtraction without carry). The CRC
algorithm uses the term, polynomial, to perform all of
its calculations.

The divisor, dividend and remainder that are
represented by numbers are termed as polynomials
with binary coefficients.

The programmable CRC generator offers the following
features:

• User-programmable polynomial CRC equation

• Interrupt output

• Data FIFO

The module implements a software-configurable CRC
generator. The terms of the polynomial and its length
can be programmed using the CRCXOR (X<15:1>) bits
and the CRCCON (PLEN<3:0>) bits, respectively.
Consider the CRC equation:

EQUATION 20-1: CRC

To program this polynomial into the CRC generator, the
CRC register bits should be set as provided in
Table 20-1.

TABLE 20-1: EXAMPLE CRC SETUP

The value of X<15:1>, the 12th bit and the 5th bit are set
to ‘1’, as required by the equation. The 0 bit required by
the equation is always XORed. For a 16-bit polynomial,
the 16th bit is also always assumed to be XORed;
therefore, the X<15:1> bits do not have the 0 bit or the
16th bit.

The topology of a standard CRC generator is displayed
in Figure 20-2.

FIGURE 20-1: CRC SHIFTER DETAILS   

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 Program-
mable Cyclic Redundancy Check, refer to
the “PIC24F Family Reference Manual”,
Section 30. “Programmable Cyclic
Redundancy Check (CRC)” (DS39714).

Bit Name Bit Value

PLEN<3:0> 1111

X<15:1> 000100000010000

x16 + x12 + x5 + 1

IN

OUT

BIT 0

0

1

clk

X1

IN

OUT

BIT 1

0

1

clk

X2

IN

OUT

BIT 2

0

1

clk

X3

IN

OUT

BIT 15

0

1

clk

X15

XOR

DOUT

0 1 2 15
PLEN<3:0>

Hold Hold Hold Hold

CRC Read Bus

CRC Write Bus

CRC Shift Register
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REGISTER 22-1: AD1CON1: A/D CONTROL REGISTER 1  

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

ADON(1) — ADSIDL — — — FORM1 FORM0

bit 15 bit 8

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

SSRC2 SSRC1 SSRC0 — — ASAM SAMP DONE

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 ADON: A/D Operating Mode bit(1)

1 = A/D Converter module is operating
0 = A/D Converter is off

bit 14 Unimplemented: Read as ‘0’

bit 13 ADSIDL: Stop in Idle Mode bit

1 = Discontinue module operation when device enters Idle mode
0 = Continue module operation in Idle mode

bit 12-10 Unimplemented: Read as ‘0’

bit 9-8 FORM<1:0>: Data Output Format bits

11 = Signed fractional (sddd dddd dd00 0000)
10 = Fractional (dddd dddd dd00 0000)
01 = Signed integer (ssss sssd dddd dddd)
00 = Integer (0000 00dd dddd dddd)

bit 7-5 SSRC<2:0>: Conversion Trigger Source Select bits

111 = Internal counter ends sampling and starts conversion (auto-convert)
110 = CTMU event ends sampling and starts conversion
101 = Reserved
100 = Reserved
011 = Reserved
010 = Timer3 compare ends sampling and starts conversion
001 = Active transition on INT0 pin ends sampling and starts conversion
000 = Clearing SAMP bit ends sampling and starts conversion

bit 4-3 Unimplemented: Read as ‘0’

bit 2 ASAM: A/D Sample Auto-Start bit

1 = Sampling begins immediately after last conversion completes; SAMP bit is auto-set
0 = Sampling begins when SAMP bit is set

bit 1 SAMP: A/D Sample Enable bit

1 = A/D sample/hold amplifier is sampling input
0 = A/D sample/hold amplifier is holding

bit 0 DONE: A/D Conversion Status bit

1 = A/D conversion is done
0 = A/D conversion is not done

Note 1: Values of ADC1BUFn registers will not retain their values once the ADON bit is cleared. Read out the 
conversion values from the buffer before disabling the module.
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bit 3-2 EDG1SEL<1:0>: Edge 1 Source Select bits

11 = CTED1 pin
10 = CTED2 pin
01 = OC1 module
00 = Timer1 module

bit 1 EDG2STAT: Edge 2 Status bit

1 = Edge 2 event has occurred
0 = Edge 2 event has not occurred

bit 0 EDG1STAT: Edge 1 Status bit

1 = Edge 1 event has occurred
0 = Edge 1 event has not occurred

REGISTER 25-1: CTMUCON: CTMU CONTROL REGISTER (CONTINUED)

REGISTER 25-2: CTMUICON: CTMU CURRENT CONTROL 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

ITRIM5 ITRIM4 ITRIM3 ITRIM2 ITRIM1 ITRIM0 IRNG1 IRNG0

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 15-10 ITRIM<5:0>: Current Source Trim bits

011111 = Maximum positive change from nominal current
011110 
.
.
.
000001 = Minimum positive change from nominal current
000000 = Nominal current output specified by IRNG<1:0>
111111 = Minimum negative change from nominal current
.
.
.
100010 
100000 = Maximum negative change from nominal current

bit 9-8 IRNG<1:0>: Current Source Range Select bits

11 = 100  Base current
10 = 10  Base current
01 = Base current level (0.55 A nominal)
00 = Current source is disabled

bit 7-0 Unimplemented: Read as ‘0’
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TBLRDL TBLRDL Ws,Wd Read Prog<15:0> to Wd 1 2 None

TBLWTH TBLWTH Ws,Wd Write Ws<7:0> to Prog<23:16> 1 2 None

TBLWTL TBLWTL Ws,Wd Write Ws to Prog<15:0> 1 2 None

ULNK ULNK Unlink Frame Pointer 1 1 None

XOR XOR f f = f .XOR. WREG 1 1 N, Z

XOR f,WREG WREG = f .XOR. WREG 1 1 N, Z

XOR #lit10,Wn Wd = lit10 .XOR. Wd 1 1 N, Z

XOR Wb,Ws,Wd Wd = Wb .XOR. Ws 1 1 N, Z

XOR Wb,#lit5,Wd Wd = Wb .XOR. lit5 1 1 N, Z

ZE ZE Ws,Wnd Wnd = Zero-Extend Ws 1 1 C, Z, N

TABLE 28-2: INSTRUCTION SET OVERVIEW (CONTINUED)   

Assembly
Mnemonic

Assembly Syntax Description
# of 

Words
# of 

Cycles
Status Flags 

Affected
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29.0 ELECTRICAL CHARACTERISTICS

This section provides an overview of the PIC24F16KA102 family electrical characteristics. Additional information will be
provided in future revisions of this document as it becomes available. 

Absolute maximum ratings for the PIC24F16KA102 family are listed below. Exposure to these maximum rating
conditions for extended periods may affect device reliability. Functional operation of the device at these, or any other
conditions above the parameters indicated in the operation listings of this specification, is not implied.

Absolute Maximum Ratings(†) 

Ambient temperature under bias............................................................................................................ .-40°C to +125°C

Storage temperature ..............................................................................................................................  -65°C to +175°C

Voltage on VDD with respect to VSS .........................................................................................................  -0.3V to +5.0V

Voltage on any combined analog and digital pin, with respect to VSS ........................................... -0.3V to (VDD + 0.3V)

Voltage on any digital only pin with respect to VSS .......................................................................  -0.3V to (VDD + 0.3V)

Voltage on MCLR/VPP pin with respect to VSS .........................................................................................  -0.3V to +9.0V

Maximum current out of VSS pin ...........................................................................................................................300 mA

Maximum current into VDD pin (1)..........................................................................................................................250 mA

Maximum output current sunk by any I/O pin..........................................................................................................25 mA

Maximum output current sourced by any I/O pin ....................................................................................................25 mA

Maximum current sunk by all ports .......................................................................................................................200 mA

Maximum current sourced by all ports (1)..............................................................................................................200 mA

Note 1: Maximum allowable current is a function of device maximum power dissipation (see Table 29-1).

  

† NOTICE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at those or any other conditions above 
those indicated in the operation listings of this specification is not implied. Exposure to maximum rating conditions 
for extended periods may affect device reliability.
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FIGURE 29-3: BROWN-OUT RESET CHARACTERISTICS   

TABLE 29-5: BOR TRIP POINTS

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C  TA  +85°C for industrial 

-40°C  TA  +125°C for Extended

Param 
No.

Sym Characteristic Min Typ Max Units Conditions

DC19 VBOR BOR Voltage on VDD Transition BOR = 00 — — — — LPBOR(1)

BOR = 01 2.92 3 3.08 V

BOR = 10 2.63 2.7 2.77 V

BOR = 11 1.75 1.82 1.85 V

DC14 VBHYS BOR Hysteresis — 5 — mV

Note 1: LPBOR re-arms the POR circuit, but does not cause a BOR. LPBOR can be used to ensure a POR after the sup-
ply voltage rises to a safe operating level. It does not stop code execution after the supply voltage falls below a 
chosen trip point.

BO10

Reset (Due to BOR)

VDDCORE

(Device in Brown-out Reset)

(Device not in Brown-out Reset)

TVREG + TRST

BO15

SY25
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TABLE 29-6: DC CHARACTERISTICS: OPERATING CURRENT (IDD)

DC CHARACTERISTICS
Standard Operating Conditions: 1.8V to 3.6V (unless otherwise stated)
Operating temperature -40°C  TA  +85°C for Industrial

-40°C  TA  +125°C for Extended

Parameter No. Typical(1) Max Units Conditions

IDD Current(2)

DC20

195

330

A

-40°C

1.8V

0.5 MIPS,
FOSC = 1 MHz

DS20a 330 +25°C

DC20b 330 +60°C

DC20c 330 +85°C

DC20d 500 +125°C

DC20e

365

590

A

-40°C

3.3V

DC20f 590 +25°C

DC20g 645 +60°C

DC20h 720 +85°C

DC20i 800 +125°C

DC22

363

600

A

-40°C

1.8V

1 MIPS,
FOSC = 2 MHz

DC22a 600 +25°C

DC22b 600 +60°C

DC22c 600 +85°C

DC22d 800 +125°C

DC22e

695

1100

A

-40°C

3.3V

DC22f 1100 +25°C

DC22g 1100 +60°C

DC22h 1100 +85°C

DC22i 1500 +125°C

DC23

11

18

mA

-40°C

3.3V
16 MIPS,

FOSC = 32 MHz

DC23a 18 +25°C

DC23b 18 +60°C

DC23c 18 +85°C

DC23d 18 +125°C

DC27

2.25

3.40

mA

-40°C

2.5V

FRC (4 MIPS),
FOSC = 8 MHz

DC27a 3.40 +25°C

DC27b 3.40 +60°C

DC27c 3.40 +85°C

DC27d 3.40 +125°C

DC27e

3.05

4.60

mA

-40°C

3.3V

DC27f 4.60 +25°C

DC27g 4.60 +60°C

DC27h 4.60 +85°C

DC27i 5.40 +125°C

Note 1: Data in “Typical” column is at 3.3V, 25°C unless otherwise stated. Parameters are for design guidance only and 
are not tested.

2: Operating Parameters:
• EC mode with clock input driven with a square wave rail-to-rail
• I/Os are configured as outputs, driven low
• MCLR – VDD

• WDT FSCM is disabled
• SRAM, program and data memory are active
• All PMD bits are set except for modules being measured
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TABLE 29-32: I2C™ BUS DATA TIMING REQUIREMENTS (SLAVE MODE) 

FIGURE 29-13: START BIT EDGE DETECTION

AC CHARACTERISTICS

Standard Operating Conditions: 2.0V to 3.6V
(unless otherwise stated)
Operating temperature -40°C  TA  +85°C (Industrial)

-40°C  TA  +125°C for Extended

Param
No.

Symbol Characteristic Min Max Units Conditions

IS10 TLO:SCL Clock Low Time 100 kHz mode 4.7 — s Device must operate at a 
minimum of 1.5 MHz

400 kHz mode 1.3 — s Device must operate at a 
minimum of 10 MHz

1 MHz mode(1) 0.5 — s

IS11 THI:SCL Clock High Time 100 kHz mode 4.0 — s Device must operate at a 
minimum of 1.5 MHz

400 kHz mode 0.6 — s Device must operate at a 
minimum of 10 MHz

1 MHz mode(1) 0.5 — s

IS20 TF:SCL SDAx and SCLx
Fall Time

100 kHz mode — 300 ns CB is specified to be from
10 to 400 pF400 kHz mode 20 + 0.1 CB 300 ns

1 MHz mode(1) — 100 ns

IS21 TR:SCL SDAx and SCLx
Rise Time

100 kHz mode — 1000 ns CB is specified to be from
10 to 400 pF400 kHz mode 20 + 0.1 CB 300 ns

1 MHz mode(1) — 300 ns

IS25 TSU:DAT Data Input
Setup Time

100 kHz mode 250 — ns

400 kHz mode 100 — ns

1 MHz mode(1) 100 — ns

IS26 THD:DAT Data Input
Hold Time

100 kHz mode 0 — ns

400 kHz mode 0 0.9 s

1 MHz mode(1) 0 0.3 s

IS40 TAA:SCL Output Valid From 
Clock

100 kHz mode 0 3500 ns

400 kHz mode 0 1000 ns

1 MHz mode(1) 0 350 ns

IS45 TBF:SDA Bus Free Time 100 kHz mode 4.7 — s Time the bus must be free 
before a new transmission 
can start

400 kHz mode 1.3 — s

1 MHz mode(1) 0.5 — s

IS50 CB Bus Capacitive Loading —  400 pF 

Note 1: Maximum pin capacitance = 10 pF for all I2C™ pins (for 1 MHz mode only).

BRGx

Cycle
Clock

UxRX

Any Value

TSTDELAY

TSETUP

TCY Start bit Detected, BRGx Started
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Note: For the most current package drawings, please see the Microchip Packaging Specification located at 
http://www.microchip.com/packaging
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