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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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PIC16(L)F1704/8
FIGURE 1-1: PIC16(L)F1704/8 BLOCK DIAGRAM
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Note 1: PIC16(L)F1708 only.
2: See applicable chapters for more information on peripherals.
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PIC16(L)F1704/8
RB5/AN11/OPA1IN+/RX(1) RB5 TTL/ST CMOS General purpose I/O.

AN11 AN — ADC Channel 11 input.

OPA1IN+ AN — Operational Amplifier 1 non-inverting input.

RX ST — USART asynchronous input.

RB6/SDI(1)/SCL(3) RB6 TTL/ST CMOS General purpose I/O.

SDI CMOS — SPI data input.

SCL I2C OD I2C clock.

RB7/CK(1) RB7 TTL/ST CMOS General purpose I/O.

CK ST CMOS USART synchronous clock.

RC0/AN4/C2IN+ RC0 TTL/ST CMOS General purpose I/O.

AN4 AN — ADC Channel 4 input.

C2IN+ AN — Comparator positive input.

RC1/AN5/C1IN1-/C2IN1-/
CLCIN2(1)

RC1 TTL/ST CMOS General purpose I/O.

AN5 AN — ADC Channel 5 input.

C1IN1- AN — Comparator C1 negative input.

C2IN1- AN — Comparator C2 negative input.

CLCIN2 ST — Configurable Logic Cell source input.

RC2/AN6/C1IN2-/C2IN2-/
OPA1OUT

RC2 TTL/ST CMOS General purpose I/O.

AN6 AN — ADC Channel 6 input.

C1IN2- AN — Comparator C1 negative input.

C2IN2- AN — Comparator C2 negative input.

OPA1OUT — AN Operational Amplifier 1 output.

RC3/AN7/C1IN3-/C2IN3-/
OPA2OUT/CCP2(1)/CLCIN0(1)

RC3 TTL/ST CMOS General purpose I/O.

AN7 AN — ADC Channel 7 input.

C1IN3- AN — Comparator C1 negative input.

C2IN3- AN — Comparator C2 negative input.

OPA2OUT — AN Operational Amplifier 2 output.

CCP2 ST CMOS Capture/Compare/PWM2.

CLCIN0 ST — Configurable Logic Cell source input.

RC4/CLCIN1(1) RC4 TTL/ST CMOS General purpose I/O.

CLCIN1 ST — Configurable Logic Cell source input.

RC5/CCP1(1) RC5 TTL/ST CMOS General purpose I/O.

CCP1 ST CMOS Capture/Compare/PWM1.

RC6/AN8/OPA2IN-/SS(1) RC6 TTL/ST CMOS General purpose I/O.

AN8 AN — ADC Channel 8 input.

OPA2IN- AN — Operational Amplifier 2 inverting input.

SS ST — Slave Select input.

RC7/AN9/OPA2IN+ RC7 TTL/ST CMOS General purpose I/O.

AN9 AN — ADC Channel 9 input.

OPA2IN+ AN — Operational Amplifier 2 non-inverting input.

VDD VDD Power — Positive supply.

TABLE 1-3: PIC16(L)F1708 PIN OUT DESCRIPTION (CONTINUED) 

Name Function
Input 
Type

Output 
Type

Description

Legend: AN =  Analog input or output CMOS= CMOS compatible input or output OD = Open Drain
TTL =  TTL compatible input ST = Schmitt Trigger input with CMOS levels I2C = Schmitt Trigger input with I2C 
HV =  High Voltage XTAL = Crystal levels

Note 1: Default peripheral input. Input can be moved to any other pin with the PPS input selection registers. See Register 12-2.
2: All pin outputs default to PORT latch data. Any pin can be selected as a digital peripheral output with the PPS output 

selection registers. See Register 12-3.
3: These I2C functions are bidirectional. The output pin selections must be the same as the input pin selections.
 2013-2015 Microchip Technology Inc. DS40001715D-page 15
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Leg

No

BANK 6 BANK 7
00 0h

Core Registers 
(Table 3-2)

380h
Core Registers 

(Table 3-2)

00 Bh 38Bh

00 Ch SLRCONA 38Ch INLVLA

00 Dh — 38Dh —

00 Eh SLRCONC 38Eh INLVLC

00 Fh — 38Fh —

01 0h — 390h —

01 1h — 391h IOCAP

01 2h — 392h IOCAN

01 3h — 393h IOCAF

01 4h — 394h —

01 5h — 395h —

01 6h — 396h —

01 7h — 397h IOCCP

01 8h — 398h IOCCN

01 9h — 399h IOCCF

01 Ah — 39Ah —

01 Bh — 39Bh —

01 Ch — 39Ch —

01 Dh — 39Dh —

01 Eh — 39Eh —

01 Fh — 39Fh —
02 0h General Purpose 

Register 
16 Bytes

3A0h

Unimplemented
Read as ‘0’

Fh

0h

Unimplemented
Read as ‘0’

06 Fh 3EFh

07 0h
Accesses
70h – 7Fh

3F0h
Accesses
70h – 7Fh

07 Fh 3FFh
BLE 3-3: PIC16(L)F1704 MEMORY MAP (BANKS 0-7) 

end: = Unimplemented data memory locations, read as ‘0’.

te 1: Unimplemented on PIC16LF1704.

BANK 0 BANK 1 BANK 2 BANK 3 BANK 4 BANK 5
0h

Core Registers 
(Table 3-2)

080h
Core Registers 

(Table 3-2)

100h
Core Registers 

(Table 3-2)

180h
Core Registers 

(Table 3-2)

200h
Core Registers 

(Table 3-2)

280h
Core Registers 

(Table 3-2)

30

Bh 08Bh 10Bh 18Bh 20Bh 28Bh 30

Ch PORTA 08Ch TRISA 10Ch LATA 18Ch ANSELA 20Ch WPUA 28Ch ODCONA 30

Dh — 08Dh — 10Dh — 18Dh — 20Dh — 28Dh — 30

Eh PORTC 08Eh TRISC 10Eh LATC 18Eh ANSELC 20Eh WPUC 28Eh ODCONC 30

Fh — 08Fh — 10Fh — 18Fh — 20Fh — 28Fh — 30

0h — 090h — 110h — 190h — 210h — 290h — 31

1h PIR1 091h PIE1 111h CM1CON0 191h PMADRL 211h SSP1BUF 291h CCPR1L 31

2h PIR2 092h PIE2 112h CM1CON1 192h PMADRH 212h SSP1ADD 292h CCPR1H 31

3h PIR3 093h PIE3 113h CM2CON0 193h PMDATL 213h SSP1MSK 293h CCP1CON 31

4h — 094h — 114h CM2CON1 194h PMDATH 214h SSP1STAT 294h — 31

5h TMR0 095h OPTION_REG 115h CMOUT 195h PMCON1 215h SSP1CON 295h — 31

6h TMR1L 096h PCON 116h BORCON 196h PMCON2 216h SSP1CON2 296h — 31

7h TMR1H 097h WDTCON 117h FVRCON 197h VREGCON(1) 217h SSP1CON3 297h — 31

8h T1CON 098h OSCTUNE 118h DAC1CON0 198h — 218h — 298h CCPR2L 31

9h T1GCON 099h OSCCON 119h DAC1CON1 199h RC1REG 219h — 299h CCPR2H 31

Ah TMR2 09Ah OSCSTAT 11Ah — 19Ah TX1REG 21Ah — 29Ah CCP2CON 31

Bh PR2 09Bh ADRESL 11Bh — 19Bh SP1BRGL 21Bh — 29Bh — 31

Ch T2CON 09Ch ADRESH 11Ch ZCD1CON 19Ch SP1BRGH 21Ch — 29Ch — 31

Dh — 09Dh ADCON0 11Dh — 19Dh RC1STA 21Dh — 29Dh — 31

Eh — 09Eh ADCON1 11Eh — 19Eh TX1STA 21Eh — 29Eh CCPTMRS 31

Fh — 09Fh ADCON2 11Fh — 19Fh BAUD1CON 21Fh — 29Fh — 31
0h

General
Purpose
Register
80 Bytes

0A0h

General
Purpose
Register
80 Bytes

120h

General
Purpose
Register
80 Bytes

1A0h

General
Purpose
Register
80 Bytes

220h

General
Purpose
Register
80 Bytes

2A0h

General
Purpose
Register
80 Bytes

32

32

33

Fh 0EFh 16Fh 1EFh 26Fh 2EFh 36

0h
Common RAM

70h – 7Fh

0F0h
Accesses
70h – 7Fh

170h
Accesses
70h – 7Fh

1F0h
Accesses
70h – 7Fh

270h
Accesses
70h – 7Fh

2F0h
Accesses
70h – 7Fh

37

Fh 0FFh 17Fh 1FFh 27Fh 2FFh 37



PIC16(L)F1704/8
3.4.5 CORE FUNCTION REGISTERS 
SUMMARY

The Core Function registers listed in Table 3-9 can be
addressed from any Bank.

TABLE 3-9: CORE FUNCTION REGISTERS SUMMARY

Addr Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Value on

POR, BOR
Value on all 
other Resets

   Bank 0-31

x00h or 
x80h

INDF0
Addressing this location uses contents of FSR0H/FSR0L to address data memory
(not a physical register)

xxxx xxxx uuuu uuuu

x01h or 
x81h

INDF1
Addressing this location uses contents of FSR1H/FSR1L to address data memory
(not a physical register)

xxxx xxxx uuuu uuuu

x02h or 
x82h

PCL Program Counter (PC) Least Significant Byte 0000 0000 0000 0000

x03h or 
x83h

STATUS — — — TO PD Z DC C ---1 1000 ---q quuu

x04h or 
x84h

FSR0L Indirect Data Memory Address 0 Low Pointer 0000 0000 uuuu uuuu

x05h or 
x85h

FSR0H Indirect Data Memory Address 0 High Pointer 0000 0000 0000 0000

x06h or 
x86h

FSR1L Indirect Data Memory Address 1 Low Pointer 0000 0000 uuuu uuuu

x07h or 
x87h

FSR1H Indirect Data Memory Address 1 High Pointer 0000 0000 0000 0000

x08h or 
x88h

BSR — — — BSR4 BSR3 BSR2 BSR1 BSR0 ---0 0000 ---0 0000

x09h or 
x89h

WREG Working Register 0000 0000 uuuu uuuu

x0Ah or 
x8Ah

PCLATH — Write Buffer for the upper 7 bits of the Program Counter -000 0000 -000 0000

x0Bh or 
x8Bh

INTCON GIE PEIE TMR0IE INTE IOCIE TMR0IF INTF IOCIF 0000 0000 0000 0000

Legend: x = unknown, u = unchanged, q = value depends on condition, - = unimplemented, read as ‘0’, r = reserved. 
Shaded locations are unimplemented, read as ‘0’.

Note 1: These registers can be addressed from any bank.
 2013-2015 Microchip Technology Inc. DS40001715D-page 31



PIC16(L)F1704/8
3.7.1 TRADITIONAL DATA MEMORY

The traditional data memory is a region from FSR
address 0x000 to FSR address 0xFFF. The addresses
correspond to the absolute addresses of all SFR, GPR
and common registers.

FIGURE 3-9: TRADITIONAL DATA MEMORY MAP

Indirect AddressingDirect Addressing

Bank Select Location Select

4 BSR 6 0From Opcode FSRxL7 0

Bank Select Location Select

00000 00001 00010 11111
0x00

0x7F

Bank 0 Bank 1 Bank 2 Bank 31

0 FSRxH7 0

0 0 0 0
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PIC16(L)F1704/8
7.0 INTERRUPTS

The interrupt feature allows certain events to preempt
normal program flow. Firmware is used to determine
the source of the interrupt and act accordingly. Some
interrupts can be configured to wake the MCU from
Sleep mode.

This chapter contains the following information for
Interrupts:

• Operation

• Interrupt Latency

• Interrupts During Sleep

• INT Pin

• Automatic Context Saving

Many peripherals produce interrupts. Refer to the
corresponding chapters for details.

A block diagram of the interrupt logic is shown in
Figure 7-1.

FIGURE 7-1: INTERRUPT LOGIC 
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IOCIF
IOCIE
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PIRn<7>

PEIE

(TMR1IE)  PIE1<0> 

Peripheral Interrupts

PIEn<7>
DS40001715D-page 80  2013-2015 Microchip Technology Inc.



PIC16(L)F1704/8
12.0 PERIPHERAL PIN SELECT 
(PPS) MODULE

The Peripheral Pin Select (PPS) module connects
peripheral inputs and outputs to the device I/O pins.
Only digital signals are included in the selections. All
analog inputs and outputs remain fixed to their
assigned pins. Input and output selections are
independent as shown in the simplified block diagram
Figure 12-1.

12.1 PPS Inputs

Each peripheral has a PPS register with which the
inputs to the peripheral are selected. Inputs include the
device pins.

Multiple peripherals can operate from the same source
simultaneously. Port reads always return the pin level
regardless of peripheral PPS selection. If a pin also has
associated analog functions, the ANSEL bit for that pin
must be cleared to enable the digital input buffer.

Although every peripheral has its own PPS input
selection register, the selections are identical for every
peripheral as shown in Register 12-1 for
PIC16(L)F1704 devices and Register 12-2 for
PIC16(L)F1708 devices.

12.2 PPS Outputs

Each I/O pin has a PPS register with which the pin
output source is selected. With few exceptions, the port
TRIS control associated with that pin retains control
over the pin output driver. Peripherals that control the
pin output driver as part of the peripheral operation will
override the TRIS control as needed. These
peripherals include:

• EUSART (synchronous operation)

• MSSP (I2C)

• COG (auto-shutdown)

Although every pin has its own PPS peripheral
selection register, the selections are identical for every
pin as shown in Register 12-3. 

FIGURE 12-1: SIMPLIFIED PPS BLOCK DIAGRAM 

Note: The notation “xxx” in the register name is
a place holder for the peripheral identifier.
For example, CLC1PPS.

Note: The notation “Rxy” is a place holder for the
pin identifier. For example, RA0PPS.

RA0

Rxy

RA0PPS

RxyPPS

RC7

RC7PPS

PPS Outputs

PPS Inputs

Peripheral abc

Peripheral xyz

abcPPS

xyzPPS

RA0

RC7
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PIC16(L)F1704/8
16.11 Register Definitions: Comparator Control

  

REGISTER 16-1: CMxCON0: COMPARATOR Cx CONTROL REGISTER 0

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

CxON CxOUT — CxPOL CxZLF CxSP CxHYS CxSYNC

bit 7 bit 0

Legend:

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

u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bit is set ‘0’ = Bit is cleared

bit 7 CxON: Comparator Enable bit

1 = Comparator is enabled
0 = Comparator is disabled and consumes no active power

bit 6 CxOUT: Comparator Output bit

If CxPOL = 1 (inverted polarity):
1 = CxVP < CxVN
0 = CxVP > CxVN
If CxPOL = 0 (non-inverted polarity):
1 = CxVP > CxVN
0 = CxVP < CxVN

bit 5 Unimplemented: Read as ‘0’

bit 4 CxPOL: Comparator Output Polarity Select bit

1 = Comparator output is inverted
0 = Comparator output is not inverted

bit 3 CxZLF: Comparator Zero Latency Filter Enable bit

1 = Comparator output is filtered
0 = Comparator output is unfiltered

bit 2 CxSP: Comparator Speed/Power Select bit

1 = Comparator operates in normal power, higher speed mode
0 = Comparator operates in low-power, low-speed mode

bit 1 CxHYS: Comparator Hysteresis Enable bit 

1 = Comparator hysteresis enabled
0 = Comparator hysteresis disabled

bit 0 CxSYNC: Comparator Output Synchronous Mode bit

1 = Comparator output to Timer1 and I/O pin is synchronous to changes on Timer1 clock source.
Output updated on the falling edge of Timer1 clock source.

0 = Comparator output to Timer1 and I/O pin is asynchronous.
DS40001715D-page 160  2013-2015 Microchip Technology Inc.



PIC16(L)F1704/8
18.1.4 HALF-BRIDGE MODE

In half-bridge mode, the COG generates a two output
complementary PWM waveform from rising and falling
event sources. In the simplest configuration, the rising
and falling event sources are the same signal, which is
a PWM signal with the desired period and duty cycle.
The COG converts this single PWM input into a dual
complementary PWM output. The frequency and duty
cycle of the dual PWM output match those of the single
input PWM signal. The off-to-on transition of each out-
put can be delayed from the on-to-off transition of the
other output, thereby, creating a time immediately after
the PWM transition where neither output is driven. This
is referred to as dead time and is covered in
Section 18.5 “Dead-Band Control”.

A typical operating waveform, with dead-band, generated
from a single CCP1 input is shown in Figure 18-9.

The primary output can be steered to either or both
COGxA and COGxC. The complementary output can be
steered to either or both COGxB and COGxD.

Half-Bridge mode is selected by setting the GxMD bits
of the COGxCON0 register to ‘100’.

18.1.5 PUSH-PULL MODE

In Push-Pull mode, the COG generates a single PWM
output that alternates, every PWM period, between the
two pairs of the COG outputs. COGxA has the same
signal as COGxC. COGxB has the same signal as
COGxD. The output drive activates with the rising input
event and terminates with the falling event input. Each
rising event starts a new period and causes the output
to switch to the COG pair not used in the previous
period.

The push-pull configuration is shown in Figure 18-6. A
typical push-pull waveform generated from a single
CCP1 input is shown in Figure 18-11.

Push-Pull mode is selected by setting the GxMD bits of
the COGxCON0 register to ‘101’.

18.1.6 EVENT DRIVEN PWM (ALL MODES)

Besides generating PWM and complementary outputs
from a single PWM input, the COG can also generate
PWM waveforms from a periodic rising event and a
separate falling event. In this case, the falling event is
usually derived from analog feedback within the
external PWM driver circuit. In this configuration, high
power switching transients may trigger a false falling
event that needs to be blanked out. The COG can be
configured to blank falling (and rising) event inputs for
a period of time immediately following the rising (and
falling) event drive output. This is referred to as input
blanking and is covered in Section 18.6 “Blanking
Control”.

It may be necessary to guard against the possibility of
circuit faults. In this case, the active drive must be
terminated before the Fault condition causes damage.
This is referred to as auto-shutdown and is covered in
Section 18.8 “Auto-shutdown Control”.

The COG can be configured to operate in phase
delayed conjunction with another PWM. The active
drive cycle is delayed from the rising event by a phase
delay timer. Phase delay is covered in more detail in
Section 18.7 “Phase Delay”.

A typical operating waveform, with phase delay and
dead-band, generated from a single CCP1 input is
shown in Figure 18-10.
 2013-2015 Microchip Technology Inc. DS40001715D-page 171
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18.2 Clock Sources

The COG_clock is used as the reference clock to the
various timers in the peripheral. Timers that use the
COG_clock include:

• Rising and falling dead-band time

• Rising and falling blanking time

• Rising and falling event phase delay

Clock sources available for selection include:

• 8 MHz HFINTOSC (active during Sleep)

• Instruction clock (FOSC/4)

• System clock (FOSC)

The clock source is selected with the GxCS<1:0> bits
of the COGxCON0 register (Register 18-1).

18.3 Selectable Event Sources

The COG uses any combination of independently
selectable event sources to generate the
complementary waveform. Sources fall into two
categories:

• Rising event sources

• Falling event sources

The rising event sources are selected by setting bits in
the COGxRIS register (Register 18-3). The falling event
sources are selected by setting bits in the COGxFIS
register (Register 18-5). All selected sources are ‘OR’d
together to generate the corresponding event signal.
Refer to Figure 18-7.

18.3.1 EDGE VS. LEVEL SENSING

Event input detection may be selected as level or edge
sensitive. The detection mode is individually selectable
for every source. Rising source detection modes are
selected with the COGxRSIM register (Register 18-4).
Falling source detection modes are selected with the
COGxFSIM register (Register 18-6). A set bit enables
edge detection for the corresponding event source. A
cleared bit enables level detection.

In general, events that are driven from a periodic
source should be edge detected and events that are
derived from voltage thresholds at the target circuit
should be level sensitive. Consider the following two
examples:

1. The first example is an application in which the
period is determined by a 50% duty cycle clock and the
COG output duty cycle is determined by a voltage level
fed back through a comparator. If the clock input is level
sensitive, duty cycles less than 50% will exhibit erratic
operation.

2. The second example is similar to the first except that
the duty cycle is close to 100%. The feedback
comparator high-to-low transition trips the COG drive off,
but almost immediately the period source turns the drive
back on. If the off cycle is short enough, the comparator
input may not reach the low side of the hysteresis band

precluding an output change. The comparator output
stays low and without a high-to-low transition to trigger
the edge sense, the drive of the COG output will be stuck
in a constant drive-on condition. See Figure 18-14.

FIGURE 18-14: EDGE VS LEVEL SENSE

18.3.2 RISING EVENT

The rising event starts the PWM output active duty
cycle period. The rising event is the low-to-high
transition of the rising_event output. When the rising
event phase delay and dead-band time values are zero,
the primary output starts immediately. Otherwise, the
primary output is delayed. The rising event source
causes all the following actions:

• Start rising event phase delay counter (if enabled).

• Clear complementary output after phase delay.

• Start falling event input blanking (if enabled).

• Start dead-band delay (if enabled).

• Set primary output after dead-band delay expires.

18.3.3 FALLING EVENT

The falling event terminates the PWM output active duty
cycle period. The falling event is the high-to-low
transition of the falling_event output. When the falling
event phase delay and dead-band time values are zero,
the complementary output starts immediately. Otherwise,
the complementary output is delayed. The falling event
source causes all the following actions:

• Start falling event phase delay counter (if enabled).

• Clear primary output.

• Start rising event input blanking (if enabled).

• Start falling event dead-band delay (if enabled).

• Set complementary output after dead-band delay 
expires.

Rising (CCP1)

Falling (C1OUT)

C1IN-

COGOUT

hyst

Edge Sensitive

Rising (CCP1)

Falling (C1OUT)

C1IN-

COGOUT

hyst

Level Sensitive
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19.1.2 DATA GATING

Outputs from the input multiplexers are directed to the
desired logic function input through the data gating
stage. Each data gate can direct any combination of the
four selected inputs.

The gate stage is more than just signal direction. The
gate can be configured to direct each input signal as
inverted or non-inverted data. Directed signals are
ANDed together in each gate. The output of each gate
can be inverted before going on to the logic function
stage. 

The gating is in essence a 1-to-4 input
AND/NAND/OR/NOR gate. When every input is
inverted and the output is inverted, the gate is an OR of
all enabled data inputs. When the inputs and output are
not inverted, the gate is an AND or all enabled inputs.

Table 19-2 summarizes the basic logic that can be 
obtained in gate 1 by using the gate logic select bits. 
The table shows the logic of four input variables, but 
each gate can be configured to use less than four. If 
no inputs are selected, the output will be zero or one, 
depending on the gate output polarity bit.

It is possible (but not recommended) to select both the
true and negated values of an input. When this is done,
the gate output is zero, regardless of the other inputs,
but may emit logic glitches (transient-induced pulses).
If the output of the channel must be zero or one, the
recommended method is to set all gate bits to zero and
use the gate polarity bit to set the desired level.

Data gating is configured with the logic gate select
registers as follows:

• Gate 1: CLCxGLS0 (Register 19-7)

• Gate 2: CLCxGLS1 (Register 19-8)

• Gate 3: CLCxGLS2 (Register 19-9)

• Gate 4: CLCxGLS3 (Register 19-10)

Register number suffixes are different than the gate
numbers because other variations of this module have
multiple gate selections in the same register.

Data gating is indicated in the right side of Figure 19-2.
Only one gate is shown in detail. The remaining three
gates are configured identically with the exception that
the data enables correspond to the enables for that
gate.

19.1.3 LOGIC FUNCTION

There are eight available logic functions including:

• AND-OR

• OR-XOR

• AND

• S-R Latch

• D Flip-Flop with Set and Reset

• D Flip-Flop with Reset

• J-K Flip-Flop with Reset

• Transparent Latch with Set and Reset

Logic functions are shown in Figure 19-3. Each logic
function has four inputs and one output. The four inputs
are the four data gate outputs of the previous stage.
The output is fed to the inversion stage and from there
to other peripherals, an output pin, and back to the
CLCx itself.

19.1.4 OUTPUT POLARITY

The last stage in the configurable logic cell is the output
polarity. Setting the LCxPOL bit of the CLCxCON
register inverts the output signal from the logic stage.
Changing the polarity while the interrupts are enabled
will cause an interrupt for the resulting output transition.

Note: Data gating is undefined at power-up.

TABLE 19-2: DATA GATING LOGIC

CLCxGLS0 LCxG1POL Gate Logic

0x55 1 AND

0x55 0 NAND

0xAA 1 NOR

0xAA 0 OR

0x00 0 Logic 0

0x00 1 Logic 1
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23.2 ZCD Logic Output

The ZCD module includes a Status bit, which can be
read to determine whether the current source or sink is
active. The ZCDxOUT bit of the ZCDxCON register is
set when the current sink is active, and cleared when
the current source is active. The ZCDxOUT bit is
affected by the polarity bit.

23.3 ZCD Logic Polarity

The ZCDxPOL bit of the ZCDxCON register inverts the
ZCDxOUT bit relative to the current source and sink
output. When the ZCDxPOL bit is set, a ZCDxOUT high
indicates that the current source is active, and a low
output indicates that the current sink is active.

The ZCDxPOL bit affects the ZCD interrupts. See
Section 23.4 “ZCD Interrupts”.

23.4 ZCD Interrupts

An interrupt will be generated upon a change in the
ZCD logic output when the appropriate interrupt
enables are set. A rising edge detector and a falling
edge detector are present in the ZCD for this purpose.

The ZCDIF bit of the PIR3 register will be set when
either edge detector is triggered and its associated
enable bit is set. The ZCDxINTP enables rising edge
interrupts and the ZCDxINTN bit enables falling edge
interrupts. Both are located in the ZCDxCON register.

To fully enable the interrupt, the following bits must be set:

• ZCDIE bit of the PIE3 register

• ZCDxINTP bit of the ZCDxCON register 
(for a rising edge detection)

• ZCDxINTN bit of the ZCDxCON register 
(for a falling edge detection)

• PEIE and GIE bits of the INTCON register

Changing the ZCDxPOL bit will cause an interrupt,
regardless of the level of the ZCDxEN bit.

The ZCDIF bit of the PIR3 register must be cleared in
software as part of the interrupt service. If another edge
is detected while this flag is being cleared, the flag will
still be set at the end of the sequence.

23.5 Correcting for ZCPINV offset

The actual voltage at which the ZCD switches is the
reference voltage at the non-inverting input of the ZCD
op amp. For external voltage source waveforms, other
than square waves, this voltage offset from zero
causes the zero-cross event to occur either too early or
too late. When the waveform is varying relative to VSS,
then the zero cross is detected too early as the
waveform falls and too late as the waveform rises.
When the waveform is varying relative to VDD, then the
zero cross is detected too late as the waveform rises
and too early as the waveform falls. The actual offset
time can be determined for sinusoidal waveforms with
the corresponding equations shown in Equation 23-2.

EQUATION 23-2: ZCD EVENT OFFSET

This offset time can be compensated for by adding a
pull-up or pull-down biasing resistor to the ZCD pin. A
pull-up resistor is used when the external voltage
source is varying relative to VSS. A pull-down resistor is
used when the voltage is varying relative to VDD. The
resistor adds a bias to the ZCD pin so that the target
external voltage source must go to zero to pull the pin
voltage to the ZCPINV switching voltage. The pull-up or
pull-down value can be determined with the equations
shown in Equation 23-3 or Equation 23-4.

EQUATION 23-3: ZCD PULL-UP/DOWN

TOFFSET

ZCPINV

VPEAK
------------------ 
 asin

2 Freq
-----------------------------------=

When External Voltage Source is relative to Vss:

TOFFSET

VDD ZCPINV–
VPEAK

--------------------------------- 
 asin

2 Freq
-------------------------------------------------=

When External Voltage Source is relative to VDD:

RPULLUP
RSERIES VPULLUP ZCPINV– 

ZCPINV
-------------------------------------------------------------------------=

When External Signal is relative to Vss:

When External Signal is relative to VDD:

RPULLDOWN
RSERIES ZCPINV 

VDD ZCPINV– 
---------------------------------------------=
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When TMR2 is equal to PR2, the following three events
occur on the next increment cycle:

• TMR2 is cleared

• The CCPx pin is set. (Exception: If the PWM duty 
cycle = 0%, the pin will not be set.)

• The PWM duty cycle is latched from CCPRxL into 
CCPRxH.

27.3.5 PWM DUTY CYCLE

The PWM duty cycle is specified by writing a 10-bit
value to multiple registers: CCPRxL register and
DCxB<1:0> bits of the CCPxCON register. The
CCPRxL contains the eight MSbs and the DCxB<1:0>
bits of the CCPxCON register contain the two LSbs.
CCPRxL and DCxB<1:0> bits of the CCPxCON
register can be written to at any time. The duty cycle
value is not latched into CCPRxH until after the period
completes (i.e., a match between PR2 and TMR2
registers occurs). While using the PWM, the CCPRxH
register is read-only.

Equation 27-2 is used to calculate the PWM pulse
width.

Equation 27-3 is used to calculate the PWM duty cycle
ratio.

EQUATION 27-2: PULSE WIDTH

EQUATION 27-3: DUTY CYCLE RATIO

The CCPRxH register and a 2-bit internal latch are
used to double buffer the PWM duty cycle. This double
buffering is essential for glitchless PWM operation.

The 8-bit timer TMR2 register is concatenated with
either the 2-bit internal system clock (FOSC), or two bits
of the prescaler, to create the 10-bit time base. The
system clock is used if the Timer2 prescaler is set to 1:1.

When the 10-bit time base matches the CCPRxH and
2-bit latch, then the CCPx pin is cleared (see
Figure 27-4).

27.3.6 PWM RESOLUTION

The resolution determines the number of available duty
cycles for a given period. For example, a 10-bit resolution
will result in 1024 discrete duty cycles, whereas an 8-bit
resolution will result in 256 discrete duty cycles.

The maximum PWM resolution is ten bits when PR2 is
255. The resolution is a function of the PR2 register
value as shown by Equation 27-4.

EQUATION 27-4: PWM RESOLUTION
Note: The Timer postscaler (see Section 26.1

“Timer2 Operation”) is not used in the
determination of the PWM frequency.

Pulse Width CCPRxL:CCPxCON<5:4>   =

TOSC     (TMR2 Prescale Value)

Duty Cycle Ratio
CCPRxL:CCPxCON<5:4> 

4 PR2 1+ 
-----------------------------------------------------------------------=

Note: If the pulse width value is greater than the
period the assigned PWM pin(s) will
remain unchanged.

Resolution
4 PR2 1+  log

2 log
------------------------------------------  bits=
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28.5.2 SLAVE RECEPTION

When the R/W bit of a matching received address byte
is clear, the R/W bit of the SSPSTAT register is cleared.
The received address is loaded into the SSPBUF
register and acknowledged. 

When the overflow condition exists for a received
address, then not Acknowledge is given. An overflow
condition is defined as either bit BF of the SSPSTAT
register is set, or bit SSPOV of the SSPCON1 register
is set. The BOEN bit of the SSPCON3 register modifies
this operation. For more information see Register 28-4.

An MSSP interrupt is generated for each transferred
data byte. Flag bit, SSPIF, must be cleared by software.

When the SEN bit of the SSPCON2 register is set, SCL
will be held low (clock stretch) following each received
byte. The clock must be released by setting the CKP
bit of the SSPCON1 register, except sometimes in
10-bit mode. See Section 28.5.6.2 “10-bit
Addressing Mode” for more detail.

28.5.2.1 7-bit Addressing Reception

This section describes a standard sequence of events
for the MSSP module configured as an I2C slave in
7-bit Addressing mode. Figure 28-14 and Figure 28-15
is used as a visual reference for this description.

This is a step by step process of what typically must
be done to accomplish I2C communication.

1. Start bit detected.

2. S bit of SSPSTAT is set; SSPIF is set if interrupt
on Start detect is enabled.

3. Matching address with R/W bit clear is received.

4. The slave pulls SDA low sending an ACK to the
master, and sets SSPIF bit.

5. Software clears the SSPIF bit.

6. Software reads received address from SSPBUF
clearing the BF flag.

7. If SEN = 1; Slave software sets CKP bit to
release the SCL line.

8. The master clocks out a data byte.

9. Slave drives SDA low sending an ACK to the
master, and sets SSPIF bit.

10. Software clears SSPIF.

11. Software reads the received byte from SSPBUF
clearing BF.

12. Steps 8-12 are repeated for all received bytes
from the master.

13. Master sends Stop condition, setting P bit of
SSPSTAT, and the bus goes idle.

28.5.2.2 7-bit Reception with AHEN and DHEN

Slave device reception with AHEN and DHEN set
operate the same as without these options with extra
interrupts and clock stretching added after the eighth
falling edge of SCL. These additional interrupts allow
the slave software to decide whether it wants to ACK
the receive address or data byte, rather than the
hardware. This functionality adds support for PMBus™
that was not present on previous versions of this
module. 

This list describes the steps that need to be taken by
slave software to use these options for I2C
communication. Figure 28-16 displays a module using
both address and data holding. Figure 28-17 includes
the operation with the SEN bit of the SSPCON2
register set.

1. S bit of SSPSTAT is set; SSPIF is set if interrupt
on Start detect is enabled.

2. Matching address with R/W bit clear is clocked
in. SSPIF is set and CKP cleared after the eighth
falling edge of SCL.

3. Slave clears the SSPIF.

4. Slave can look at the ACKTIM bit of the
SSPCON3 register to determine if the SSPIF
was after or before the ACK.

5. Slave reads the address value from SSPBUF,
clearing the BF flag.

6. Slave sets ACK value clocked out to the master
by setting ACKDT.

7. Slave releases the clock by setting CKP.

8. SSPIF is set after an ACK, not after a NACK.

9. If SEN = 1 the slave hardware will stretch the
clock after the ACK.

10. Slave clears SSPIF.

11. SSPIF set and CKP cleared after eighth falling
edge of SCL for a received data byte.

12. Slave looks at ACKTIM bit of SSPCON3 to
determine the source of the interrupt.

13. Slave reads the received data from SSPBUF
clearing BF.

14. Steps 7-14 are the same for each received data
byte.

15. Communication is ended by either the slave
sending an ACK = 1, or the master sending a
Stop condition. If a Stop is sent and Interrupt on
Stop Detect is disabled, the slave will only know
by polling the P bit of the SSTSTAT register.

Note: SSPIF is still set after the ninth falling edge
of SCL even if there is no clock stretching
and BF has been cleared. Only if NACK is
sent to master is SSPIF not set
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REGISTER 28-5: SSP1MSK: SSP MASK REGISTER

R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1

MSK<7:0>

bit 7 bit 0

Legend:

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

u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bit is set ‘0’ = Bit is cleared

bit 7-1 MSK<7:1>: Mask bits
1 = The received address bit n is compared to SSPADD<n> to detect I2C address match
0 = The received address bit n is not used to detect I2C address match

bit 0 MSK<0>: Mask bit for I2C Slave mode, 10-bit Address
I2C Slave mode, 10-bit address (SSPM<3:0> = 0111 or 1111):
1 = The received address bit 0 is compared to SSPADD<0> to detect I2C address match
0 = The received address bit 0 is not used to detect I2C address match
I2C Slave mode, 7-bit address, the bit is ignored

REGISTER 28-6: SSP1ADD: MSSP ADDRESS AND BAUD RATE REGISTER (I2C MODE)

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

ADD<7:0>

bit 7 bit 0

Legend:

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

u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bit is set ‘0’ = Bit is cleared

Master mode:

bit 7-0 ADD<7:0>: Baud Rate Clock Divider bits
SCL pin clock period = ((ADD<7:0> + 1) *4)/FOSC

10-Bit Slave mode – Most Significant Address Byte:

bit 7-3 Not used: Unused for Most Significant Address Byte. Bit state of this register is a “don’t care”. Bit 
pattern sent by master is fixed by I2C specification and must be equal to ‘11110’. However, those bits 
are compared by hardware and are not affected by the value in this register.

bit 2-1 ADD<2:1>: Two Most Significant bits of 10-bit address

bit 0 Not used: Unused in this mode. Bit state is a “don’t care”.

10-Bit Slave mode – Least Significant Address Byte:

bit 7-0 ADD<7:0>: Eight Least Significant bits of 10-bit address

7-Bit Slave mode:

bit 7-1 ADD<7:1>: 7-bit address

bit 0 Not used: Unused in this mode. Bit state is a “don’t care”.
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BCF Bit Clear f

Syntax: [ label ] BCF     f,b

Operands: 0  f  127
0  b  7

Operation: 0  (f<b>)

Status Affected: None

Description: Bit ‘b’ in register ‘f’ is cleared.

BRA Relative Branch

Syntax: [ label ] BRA   label 
[ label ] BRA   $+k

Operands: -256  label - PC + 1  255
-256  k  255

Operation: (PC) + 1 + k  PC

Status Affected: None

Description: Add the signed 9-bit literal ‘k’ to the 
PC. Since the PC will have 
incremented to fetch the next 
instruction, the new address will be 
PC + 1 + k. This instruction is a 
2-cycle instruction. This branch has a 
limited range.

BRW Relative Branch with W

Syntax: [ label ] BRW 

Operands: None

Operation: (PC) + (W)  PC

Status Affected: None

Description: Add the contents of W (unsigned) to 
the PC. Since the PC will have 
incremented to fetch the next 
instruction, the new address will be 
PC + 1 + (W). This instruction is a 
2-cycle instruction. 

BSF Bit Set f

Syntax: [ label ] BSF    f,b

Operands: 0  f  127
0  b  7

Operation: 1  (f<b>)

Status Affected: None

Description: Bit ‘b’ in register ‘f’ is set.

BTFSC Bit Test f, Skip if Clear

Syntax: [ label ] BTFSC   f,b

Operands: 0  f  127
0  b  7

Operation: skip if (f<b>) = 0

Status Affected: None

Description: If bit ‘b’ in register ‘f’ is ‘1’, the next 
instruction is executed.
If bit ‘b’, in register ‘f’, is ‘0’, the next 
instruction is discarded, and a NOP is 
executed instead, making this a 
2-cycle instruction.

BTFSS Bit Test f, Skip if Set

Syntax: [ label ] BTFSS   f,b

Operands: 0  f  127
0  b < 7

Operation: skip if (f<b>) = 1

Status Affected: None

Description: If bit ‘b’ in register ‘f’ is ‘0’, the next 
instruction is executed.
If bit ‘b’ is ‘1’, then the next instruction 
is discarded and a NOP is executed 
instead, making this a 2-cycle 
instruction.
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TABLE 32-17: OPERATIONAL AMPLIFIER (OPA)  

TABLE 32-18: COMPARATOR SPECIFICATIONS    

Standard Operating Conditions (unless otherwise stated)
VDD = 3.0V, TA = 25°C, OPAxSP = 1 (High GBWP mode)

Param. 
No.

Symbol Parameters Min. Typ. Max. Units Conditions

OPA01* GBWP Gain Bandwidth Product — 3.5 — MHz

OPA02* TON Turn on Time — 10 — s

OPA03* PM Phase Margin — 40 — degrees

OPA04* SR Slew Rate — 3 — V/s

OPA05 OFF Offset — ±3 ±9 mV

OPA06 CMRR Common Mode Rejection Ratio 52 70 — dB

OPA07* AOL Open Loop Gain — 90 — dB

OPA08 VICM Common Mode Input Voltage 0 — VDD V VDD > 2.5V

OPA09* PSRR Power Supply Rejection Ratio — 80 — dB

* These parameters are characterized but not tested.

Standard Operating Conditions (unless otherwise stated)
VDD = 3.0V, TA = 25°C
See Section 33.0 “DC and AC Characteristics Graphs and Charts” for operating characterization.

Param
No.

Sym. Characteristics Min. Typ. Max. Units Comments

CM01 VIOFF Input Offset Voltage — ±2.5 ±5 mV Normal-Power mode 
measured at VDD/2 

CM02 VICM Input Common Mode Voltage 0 — VDD V

CM03 CMRR Common Mode Rejection Ratio 40 50 — dB

CM04A

TRESP(1)

Response Time Rising Edge — 60 125 ns Normal-Power mode 
measured at VDD/2 (Note1)

CM04B Response Time Falling Edge — 60 110 ns Normal-Power mode 
measured at VDD/2 (Note1) 

CM04C Response Time Rising Edge — 85 — ns Low-Power mode 
measured at VDD/2 (Note1) 

CM04D Response Time Falling Edge — 85 — ns Low-Power mode 
measured at VDD/2 (Note1) 

CM05* TMC2OV Comparator Mode Change to 
Output Valid*

— — 10 s

CM06 CHYSTER Comparator Hysteresis 20 45 75 mV Hysteresis ON High-Power 
mode measured at VDD/2 
(Note 2)

* These parameters are characterized but not tested.

Note 1: Response time measured with one comparator input at VDD/2, while the other input transitions from VSS to 
VDD.

2: Comparator hysteresis is available when the CxHYS bit of the CMxCON0 register is enabled.
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Note: Unless otherwise noted, VIN = 5V, FOSC = 500 kHz, CIN = 0.1 µF, TA = 25°C.

FIGURE 33-121: ZCD Pin Response Time 
Over Current, Typical Measured Values from 
-40°C to 125°C. 

FIGURE 33-122: COG Dead-Band Delay, 
DBR/DBF = 32, Typical Measured Values. 

FIGURE 33-123: COG Dead-Band DBR/DBF 
Delay Per Step, Typical Measured Values. 

FIGURE 33-124: COG Dead-Band Delay per 
Step, Typical Measured Values.

FIGURE 33-125: COG Dead-Band Delay per 
Step, Zoomed to First 10 Codes, Typical 
Measured Values. 
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34.0 DEVELOPMENT SUPPORT

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

• Integrated Development Environment

- MPLAB® X IDE Software

• Compilers/Assemblers/Linkers

- MPLAB XC Compiler 

- MPASMTM Assembler

- MPLINKTM Object Linker/
MPLIBTM Object Librarian

- MPLAB Assembler/Linker/Librarian for
Various Device Families

• Simulators

- MPLAB X SIM Software Simulator

• Emulators

- MPLAB REAL ICE™ In-Circuit Emulator

• In-Circuit Debuggers/Programmers

- MPLAB ICD 3

- PICkit™ 3 

• Device Programmers

- MPLAB PM3 Device Programmer

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

• Third-party development tools

34.1 MPLAB X Integrated Development 
Environment Software

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

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

Feature-Rich Editor:

• Color syntax highlighting

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

• Automatic code formatting based on user-defined 
rules

• Live parsing

User-Friendly, Customizable Interface:

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

• Call graph window

Project-Based Workspaces:

• Multiple projects

• Multiple tools

• Multiple configurations

• Simultaneous debugging sessions

File History and Bug Tracking:

• Local file history feature

• Built-in support for Bugzilla issue tracker
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34.2 MPLAB XC Compilers

The MPLAB XC Compilers are complete ANSI C
compilers for all of Microchip’s 8, 16, and 32-bit MCU
and DSC devices. These compilers provide powerful
integration capabilities, superior code optimization and
ease of use. MPLAB XC Compilers run on Windows,
Linux or MAC OS X.

For easy source level debugging, the compilers provide
debug information that is optimized to the MPLAB X
IDE.

The free MPLAB XC Compiler editions support all
devices and commands, with no time or memory
restrictions, and offer sufficient code optimization for
most applications.

MPLAB XC Compilers include an assembler, linker and
utilities. The assembler generates relocatable object
files that can then be archived or linked with other
relocatable object files and archives to create an
executable file. MPLAB XC Compiler uses the
assembler to produce its object file. Notable features of
the assembler include:

• Support for the entire device instruction set

• Support for fixed-point and floating-point data

• Command-line interface

• Rich directive set

• Flexible macro language

• MPLAB X IDE compatibility

34.3 MPASM Assembler

The MPASM Assembler is a full-featured, universal
macro assembler for PIC10/12/16/18 MCUs. 

The MPASM Assembler generates relocatable object
files for the MPLINK Object Linker, Intel® standard HEX
files, MAP files to detail memory usage and symbol
reference, absolute LST files that contain source lines
and generated machine code, and COFF files for
debugging.

The MPASM Assembler features include:

• Integration into MPLAB X IDE projects

• User-defined macros to streamline 
assembly code

• Conditional assembly for multipurpose 
source files

• Directives that allow complete control over the 
assembly process

34.4 MPLINK Object Linker/
MPLIB Object Librarian

The MPLINK Object Linker combines relocatable
objects created by the MPASM Assembler. It can link
relocatable objects from precompiled libraries, using
directives from a linker script. 

The MPLIB Object Librarian manages the creation and
modification of library files of precompiled code. When
a routine from a library is called from a source file, only
the modules that contain that routine will be linked in
with the application. This allows large libraries to be
used efficiently in many different applications. 

The object linker/library features include:

• Efficient linking of single libraries instead of many 
smaller files

• Enhanced code maintainability by grouping 
related modules together

• Flexible creation of libraries with easy module 
listing, replacement, deletion and extraction

34.5 MPLAB Assembler, Linker and 
Librarian for Various Device 
Families

MPLAB Assembler produces relocatable machine
code from symbolic assembly language for PIC24,
PIC32 and dsPIC DSC devices. MPLAB XC Compiler
uses the assembler to produce its object file. The
assembler generates relocatable object files that can
then be archived or linked with other relocatable object
files and archives to create an executable file. Notable
features of the assembler include:

• Support for the entire device instruction set

• Support for fixed-point and floating-point data

• Command-line interface

• Rich directive set

• Flexible macro language

• MPLAB X IDE compatibility
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