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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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PIC16(L)F1788/9
EXAMPLE 3-2: ACCESSING PROGRAM 
MEMORY VIA FSR

constants
DW DATA0 ;First constant
DW DATA1 ;Second constant
DW DATA2
DW DATA3

my_function
;… LOTS OF CODE…
MOVLW DATA_INDEX
ADDLW LOW constants
MOVWF FSR1L
MOVLW HIGH constants ;MSb is set 

automatically
MOVWF FSR1H
BTFSC STATUS,C ;carry from ADDLW?
INCF   FSR1H,f  ;yes
MOVIW 0[FSR1]

;THE PROGRAM MEMORY IS IN W
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Value on 
all other 
Resets
   Bank 7

38Ch INLVLA Input Type Control for PORTA 0000 0000 0

38Dh INLVLB Input Type Control for PORTB 0000 0000 0

38Eh INLVLC Input Type Control for PORTC 1111 1111 1

38Fh INLVLD(3) Input Type Control for PORTD 1111 1111 1

390h INLVLE — — — — INLVLE3 INLVLE2(3) INLVLE1(3) INLVLE0(3) ---- 1111 -

391h IOCAP IOCAP<7:0> 0000 0000 0

392h IOCAN IOCAN<7:0> 0000 0000 0

393h IOCAF IOCAF<7:0> 0000 0000 0

394h IOCBP IOCBP<7:0> 0000 0000 0

395h IOCBN IOCBN<7:0> 0000 0000 0

396h IOCBF IOCBF<7:0> 0000 0000 0

397h IOCCP IOCCP<7:0> 0000 0000 0

398h IOCCN IOCCN<7:0> 0000 0000 0

399h IOCCF IOCCF<7:0> 0000 0000 0

39Ah
   —
39Ch

— Unimplemented —

39Dh IOCEP — — — — IOCEP3 — — — ---- 0--- -

39Eh IOCEN — — — — IOCEN3 — — — ---- 0--- -

39Fh IOCEF — — — — IOCEF3 — — — ---- 0--- -

   Bank 8-9

40Ch 
or 

41Fh
and

48Ch 
or 

49Fh

— Unimplemented —

   Bank 10

50Ch
   —
510h

— Unimplemented —

511h OPA1CON OPA1EN OPA1SP — — — — OPA1PCH<1:0> 00-- --00 0

512h — Unimplemented —

513h OPA2CON OPA2EN OPA2SP — — — — OPA2PCH<1:0> 00-- --00 0

514h — Unimplemented —

515h OPA3CON(3) OPA3EN OPA3SP — — — OPA3PCH<2:0> 00-- -000 0

51Ah CLKRCON CLKREN CLKROE CLKRSLR CLKRDC<1:0> CLKRDIV<2:0> 0011 0000 0

51Bh
   —
51Fh

— Unimplemented —

TABLE 3-12: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)

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

POR, BOR

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.
2: Unimplemented, read as ‘1’.
3: PIC16(L)F1789 only.
4: PIC16F1788/9 only.
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6.0 OSCILLATOR MODULE (WITH 
FAIL-SAFE CLOCK MONITOR)

6.1 Overview

The oscillator module has a wide variety of clock
sources and selection features that allow it to be used
in a wide range of applications while maximizing perfor-
mance and minimizing power consumption. Figure 6-1
illustrates a block diagram of the oscillator module.

Clock sources can be supplied from external oscillators,
quartz crystal resonators, ceramic resonators and
Resistor-Capacitor (RC) circuits. In addition, the system
clock source can be supplied from one of two internal
oscillators and PLL circuits, with a choice of speeds
selectable via software. Additional clock features
include:

• Selectable system clock source between external 
or internal sources via software.

• Two-Speed Start-up mode, which minimizes 
latency between external oscillator start-up and 
code execution.

• Fail-Safe Clock Monitor (FSCM) designed to 
detect a failure of the external clock source (LP, 
XT, HS, EC or RC modes) and switch 
automatically to the internal oscillator.

• Oscillator Start-up Timer (OST) ensures stability 
of crystal oscillator sources

The oscillator module can be configured in one of eight
clock modes.

1. ECL – External Clock Low-Power mode
(0 MHz to 0.5 MHz)

2. ECM – External Clock Medium-Power mode
(0.5 MHz to 4 MHz)

3. ECH – External Clock High-Power mode
(4 MHz to 32 MHz)

4. LP – 32 kHz Low-Power Crystal mode.

5. XT – Medium Gain Crystal or Ceramic Resonator
Oscillator mode (up to 4 MHz)

6. HS – High Gain Crystal or Ceramic Resonator
mode (4 MHz to 20 MHz)

7. RC – External Resistor-Capacitor (RC).

8. INTOSC – Internal oscillator (31 kHz to 32 MHz).

Clock Source modes are selected by the FOSC<2:0>
bits in the Configuration Words. The FOSC bits
determine the type of oscillator that will be used when
the device is first powered. 

The EC clock mode relies on an external logic level
signal as the device clock source. The LP, XT, and HS
clock modes require an external crystal or resonator to
be connected to the device. Each mode is optimized for
a different frequency range. The RC clock mode
requires an external resistor and capacitor to set the
oscillator frequency.

The INTOSC internal oscillator block produces low,
medium, and high-frequency clock sources,
designated LFINTOSC, MFINTOSC and HFINTOSC.
(see Internal Oscillator Block, Figure 6-1). A wide
selection of device clock frequencies may be derived
from these three clock sources.
 2013-2015 Microchip Technology Inc.  DS40001675C-page 71



PIC16(L)F1788/9
9.0 POWER-DOWN MODE (SLEEP)

The Power-down mode is entered by executing a
SLEEP instruction. 

Upon entering Sleep mode, the following conditions
exist:

1. WDT will be cleared but keeps running, if
enabled for operation during Sleep.

2. PD bit of the STATUS register is cleared.

3. TO bit of the STATUS register is set.

4. CPU clock is disabled.

5. 31 kHz LFINTOSC is unaffected and peripherals
that operate from it may continue operation in
Sleep.

6. Timer1 and peripherals that operate from Tim-
er1 continue operation in Sleep when the Tim-
er1 clock source selected is:

• LFINTOSC

• T1CKI

• Timer1 oscillator

7. ADC is unaffected, if the dedicated FRC

oscillator is selected.

8. I/O ports maintain the status they had before
SLEEP was executed (driving high, low or
high-impedance).

9. Resets other than WDT are not affected by
Sleep mode.

Refer to individual chapters for more details on
peripheral operation during Sleep.

To minimize current consumption, the following
conditions should be considered:

• I/O pins should not be floating

• External circuitry sinking current from I/O pins

• Internal circuitry sourcing current from I/O pins

• Current draw from pins with internal weak pull-ups

• Modules using 31 kHz LFINTOSC

• Modules using Timer1 oscillator

I/O pins that are high-impedance inputs should be
pulled to VDD or VSS externally to avoid switching
currents caused by floating inputs.

Examples of internal circuitry that might be sourcing
current include modules such as the DAC and FVR
modules. See Section 19.0 “8-Bit Digital-to-Analog
Converter (DAC) Module” and Section 15.0 “Fixed
Voltage Reference (FVR)” for more information on
these modules.

9.1 Wake-up from Sleep

The device can wake-up from Sleep through one of the
following events:

1. External Reset input on MCLR pin, if enabled

2. BOR Reset, if enabled

3. POR Reset

4. Watchdog Timer, if enabled

5. Any external interrupt

6. Interrupts by peripherals capable of running
during Sleep (see individual peripheral for more
information)

The first three events will cause a device Reset. The
last three events are considered a continuation of
program execution. To determine whether a device
Reset or wake-up event occurred, refer to
Section 5.12 “Determining the Cause of a Reset”.

When the SLEEP instruction is being executed, the next
instruction (PC + 1) is prefetched. For the device to
wake-up through an interrupt event, the corresponding
interrupt enable bit must be enabled. Wake-up will
occur regardless of the state of the GIE bit. If the GIE
bit is disabled, the device continues execution at the
instruction after the SLEEP instruction. If the GIE bit is
enabled, the device executes the instruction after the
SLEEP instruction, the device will then call the Interrupt
Service Routine. In cases where the execution of the
instruction following SLEEP is not desirable, the user
should have a NOP after the SLEEP instruction.

The WDT is cleared when the device wakes up from
Sleep, regardless of the source of wake-up.
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12.3.2 ERASING FLASH PROGRAM 
MEMORY

While executing code, program memory can only be
erased by rows. To erase a row:

1. Load the EEADRH:EEADRL register pair with
the address of new row to be erased.

2. Clear the CFGS bit of the EECON1 register.

3. Set the EEPGD, FREE, and WREN bits of the
EECON1 register.

4. Write 55h, then AAh, to EECON2 (Flash
programming unlock sequence).

5. Set control bit WR of the EECON1 register to
begin the erase operation.

6. Poll the FREE bit in the EECON1 register to
determine when the row erase has completed.

See Example 12-4.

After the “BSF EECON1,WR” instruction, the processor
requires two cycles to set up the erase operation. The
user must place two NOP instructions after the WR bit is
set. The processor will halt internal operations for the
typical 2 ms erase time. This is not Sleep mode as the
clocks and peripherals will continue to run. After the
erase cycle, the processor will resume operation with
the third instruction after the EECON1 write instruction.

12.3.3 WRITING TO FLASH PROGRAM 
MEMORY

Program memory is programmed using the following
steps:

1. Load the starting address of the word(s) to be
programmed.

2. Load the write latches with data.

3. Initiate a programming operation.

4. Repeat steps 1 through 3 until all data is written.

Before writing to program memory, the word(s) to be
written must be erased or previously unwritten.
Program memory can only be erased one row at a time.
No automatic erase occurs upon the initiation of the
write. 

Program memory can be written one or more words at
a time. The maximum number of words written at one
time is equal to the number of write latches. See
Figure 12-2 (block writes to program memory with 32
write latches) for more details. The write latches are
aligned to the address boundary defined by EEADRL
as shown in Table 12-1. Write operations do not cross
these boundaries. At the completion of a program
memory write operation, the write latches are reset to
contain 0x3FFF. 

The following steps should be completed to load the
write latches and program a block of program memory.
These steps are divided into two parts. First, all write
latches are loaded with data except for the last program
memory location. Then, the last write latch is loaded
and the programming sequence is initiated. A special

unlock sequence is required to load a write latch with
data or initiate a Flash programming operation. This
unlock sequence should not be interrupted.

1. Set the EEPGD and WREN bits of the EECON1
register.

2. Clear the CFGS bit of the EECON1 register.

3. Set the LWLO bit of the EECON1 register. When
the LWLO bit of the EECON1 register is ‘1’, the
write sequence will only load the write latches
and will not initiate the write to Flash program
memory.

4. Load the EEADRH:EEADRL register pair with
the address of the location to be written.

5. Load the EEDATH:EEDATL register pair with
the program memory data to be written.

6. Write 55h, then AAh, to EECON2, then set the
WR bit of the EECON1 register (Flash
programming unlock sequence). The write latch
is now loaded.

7. Increment the EEADRH:EEADRL register pair
to point to the next location.

8. Repeat steps 5 through 7 until all but the last
write latch has been loaded.

9. Clear the LWLO bit of the EECON1 register.
When the LWLO bit of the EECON1 register is
‘0’, the write sequence will initiate the write to
Flash program memory.

10. Load the EEDATH:EEDATL register pair with
the program memory data to be written.

11. Write 55h, then AAh, to EECON2, then set the
WR bit of the EECON1 register (Flash
programming unlock sequence). The entire
latch block is now written to Flash program
memory.

It is not necessary to load the entire write latch block
with user program data. However, the entire write latch
block will be written to program memory.

An example of the complete write sequence for eight
words is shown in Example 12-5. The initial address is
loaded into the EEADRH:EEADRL register pair; the
eight words of data are loaded using indirect addressing.

After the “BSF EECON1,WR” instruction, the processor
requires two cycles to set up the write operation. The
user must place two NOP instructions after the WR bit is
set. The processor will halt internal operations for the
typical 2 ms, only during the cycle in which the write
takes place (i.e., the last word of the block write). This
is not Sleep mode as the clocks and peripherals will
continue to run. The processor does not stall when
LWLO = 1, loading the write latches. After the write
cycle, the processor will resume operation with the third
instruction after the EECON1 WRITE instruction.
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13.3.7 PORTA FUNCTIONS AND OUTPUT 
PRIORITIES

Each PORTA pin is multiplexed with other functions. The
pins, their combined functions and their output priorities
are shown in Table 13-2.

When multiple outputs are enabled, the actual pin
control goes to the peripheral with the highest priority.

Analog input functions, such as ADC, and comparator
inputs, are not shown in the priority lists. These inputs
are active when the I/O pin is set for Analog mode using
the ANSELx registers. Digital output functions may
control the pin when it is in Analog mode with the
priority shown in the priority list.

TABLE 13-2: PORTA OUTPUT PRIORITY

Pin Name Function Priority(1)

RA0 RA0

RA1 OPA1OUT
RA1

RA2 DAC1OUT1
RA2

RA3 RA3

RA4 C1OUT
RA4

RA5 C2OUT
RA5

RA6 CLKOUT
C2OUT
RA6

RA7 RA7

Note 1: Priority listed from highest to lowest.
DS40001675C-page 135   2013-2015 Microchip Technology Inc.
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13.5 PORTB Registers

13.5.1 DATA REGISTER

PORTB is an 8-bit wide, bidirectional port. The
corresponding data direction register is TRISB
(Register 13-12). Setting a TRISB bit (= 1) will make the
corresponding PORTB pin an input (i.e., put the
corresponding output driver in a High-Impedance mode).
Clearing a TRISB bit (= 0) will make the corresponding
PORTB pin an output (i.e., enable the output driver and
put the contents of the output latch on the selected pin).
Example 13-1 shows how to initialize an I/O port. 

Reading the PORTB register (Register 13-11) reads the
status of the pins, whereas writing to it will write to the
PORT latch. All write operations are read-modify-write
operations. Therefore, a write to a port implies that the
port pins are read, this value is modified and then written
to the PORT data latch (LATB).

13.5.2 DIRECTION CONTROL

The TRISB register (Register 13-12) controls the PORTB
pin output drivers, even when they are being used as
analog inputs. The user should ensure the bits in the
TRISB register are maintained set when using them as
analog inputs. I/O pins configured as analog inputs
always read ‘0’.

13.5.3 OPEN-DRAIN CONTROL

The ODCONB register (Register 13-16) controls the
open-drain feature of the port. Open-drain operation is
independently selected for each pin. When an
ODCONB bit is set, the corresponding port output
becomes an open-drain driver capable of sinking
current only. When an ODCONB bit is cleared, the
corresponding port output pin is the standard push-pull
drive capable of sourcing and sinking current.

13.5.4 SLEW RATE CONTROL

The SLRCONB register (Register 13-17) controls the
slew rate option for each port pin. Slew rate control is
independently selectable for each port pin. When an
SLRCONB bit is set, the corresponding port pin drive is
slew rate limited. When an SLRCONB bit is cleared,
The corresponding port pin drive slews at the maximum
rate possible.

13.5.5 INPUT THRESHOLD CONTROL

The INLVLB register (Register 13-18) controls the input
voltage threshold for each of the available PORTB
input pins. A selection between the Schmitt Trigger
CMOS or the TTL Compatible thresholds is available.
The input threshold is important in determining the
value of a read of the PORTB register and also the level
at which an interrupt-on-change occurs, if that feature
is enabled. See Section TABLE 31-1: “Supply Volt-
age” for more information on threshold levels.

13.5.6 ANALOG CONTROL

The ANSELB register (Register 13-14) is used to
configure the Input mode of an I/O pin to analog.
Setting the appropriate ANSELB bit high will cause all
digital reads on the pin to be read as ‘0’ and allow
analog functions on the pin to operate correctly.

The state of the ANSELB bits has no effect on digital out-
put functions. A pin with TRIS clear and ANSELB set will
still operate as a digital output, but the Input mode will be
analog. This can cause unexpected behavior when
executing read-modify-write instructions on the affected
port.

Note: Changing the input threshold selection
should be performed while all peripheral
modules are disabled. Changing the
threshold level during the time a module is
active may inadvertently generate a tran-
sition associated with an input pin, regard-
less of the actual voltage level on that pin.

Note: The ANSELB bits default to the Analog
mode after Reset. To use any pins as
digital general purpose or peripheral
inputs, the corresponding ANSEL bits
must be initialized to ‘0’ by user software.
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13.9 PORTD Registers 
(PIC16(L)F1789 only)

13.9.1 DATA REGISTER

PORTD is an 8-bit wide bidirectional port. The
corresponding data direction register is TRISD
(Register 13-27). Setting a TRISD bit (= 1) will make the
corresponding PORTD pin an input (i.e., put the
corresponding output driver in a High-Impedance mode).
Clearing a TRISD bit (= 0) will make the corresponding
PORTD pin an output (i.e., enable the output driver and
put the contents of the output latch on the selected pin).
Example 13-1 shows how to initialize an I/O port. 

Reading the PORTD register (Register 13-26) reads the
status of the pins, whereas writing to it will write to the
PORT latch. All write operations are read-modify-write
operations. Therefore, a write to a port implies that the
port pins are read, this value is modified and then written
to the PORT data latch (LATD).

13.9.2 DIRECTION CONTROL

The TRISD register (Register 13-27) controls the
PORTD pin output drivers, even when they are being
used as analog inputs. The user should ensure the bits in
the TRISD register are maintained set when using them
as analog inputs. I/O pins configured as analog inputs
always read ‘0’.

13.9.3 OPEN-DRAIN CONTROL

The ODCOND register (Register 13-31) controls the
open-drain feature of the port. Open-drain operation is
independently selected for each pin. When an
ODCOND bit is set, the corresponding port output
becomes an open-drain driver capable of sinking
current only. When an ODCOND bit is cleared, the
corresponding port output pin is the standard push-pull
drive capable of sourcing and sinking current.

13.9.4 SLEW RATE CONTROL

The SLRCOND register (Register 13-32) controls the
slew rate option for each port pin. Slew rate control is
independently selectable for each port pin. When an
SLRCOND bit is set, the corresponding port pin drive is
slew rate limited. When an SLRCOND bit is cleared,
The corresponding port pin drive slews at the maximum
rate possible.

13.9.5 INPUT THRESHOLD CONTROL

The INLVLD register (Register 13-33) controls the input
voltage threshold for each of the available PORTD
input pins. A selection between the Schmitt Trigger
CMOS or the TTL Compatible thresholds is available.
The input threshold is important in determining the
value of a read of the PORTD register and also the
level at which an interrupt-on-change occurs, if that
feature is enabled. See Section 31.3 “DC Character-
istics” for more information on threshold levels.

13.9.6 PORTD FUNCTIONS AND OUTPUT 
PRIORITIES

Each PORTD pin is multiplexed with other functions. The
pins, their combined functions and their output priorities
are shown in Table 13-9.

When multiple outputs are enabled, the actual pin
control goes to the peripheral with the highest priority.

Analog input and some digital input functions are not
included in the list below. These input functions can
remain active when the pin is configured as an output.
Certain digital input functions override other port
functions and are included in the priority list.

Note: Changing the input threshold selection
should be performed while all peripheral
modules are disabled. Changing the
threshold level during the time a module is
active may inadvertently generate a tran-
sition associated with an input pin, regard-
less of the actual voltage level on that pin.

TABLE 13-9: PORTD OUTPUT PRIORITY

Pin Name Function Priority(1)

RD0 RD0

RD1 OPA3OUT
RD1

RD2 RD2

RD3 PSMC4A
RD3

RD4 PSMC3F
RD4

RD5 PSMC3E
RD5

RD6 PSMC3D
C3OUT
RD6

RD7 PSMC3C
C4OUT
RD7

Note 1: Priority listed from highest to lowest.
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21.10 Analog Input Connection 
Considerations

A simplified circuit for an analog input is shown in
Figure 21-4. Since the analog input pins share their
connection with a digital input, they have reverse
biased ESD protection diodes to VDD and VSS. The
analog input, therefore, must be between VSS and VDD.
If the input voltage deviates from this range by more
than 0.6V in either direction, one of the diodes is
forward biased and a latch-up may occur.

A maximum source impedance of 10 k is recommended
for the analog sources. Also, any external component
connected to an analog input pin, such as a capacitor or
a Zener diode, should have very little leakage current to
minimize inaccuracies introduced.

21.10.1 ALTERNATE PIN LOCATIONS

This module incorporates I/O pins that can be moved to
other locations with the use of the alternate pin function
register APFCON. To determine which pins can be
moved and what their default locations are upon a
Reset, see Section 13.1 “Alternate Pin Function” for
more information.

FIGURE 21-4: ANALOG INPUT MODEL 

Note 1: When reading a PORT register, all pins
configured as analog inputs will read as a
‘0’. Pins configured as digital inputs will
convert as an analog input, according to
the input specification.

2: Analog levels on any pin defined as a
digital input, may cause the input buffer to
consume more current than is specified.

VA

Rs < 10K

CPIN
5 pF

VDD

VT  0.6V

VT  0.6V

RIC

ILEAKAGE(1)

Vss

Legend: CPIN = Input Capacitance
ILEAKAGE = Leakage Current at the pin due to various junctions
RIC = Interconnect Resistance
RS = Source Impedance
VA = Analog Voltage
VT = Threshold Voltage

To Comparator

Note 1: See Section 31.0 “Electrical Specifications”

Analog
Input
pin
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TABLE 21-3: SUMMARY OF REGISTERS ASSOCIATED WITH COMPARATOR MODULE  

REGISTER 21-3: CMOUT: COMPARATOR OUTPUT REGISTER

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

— — — — MC4OUT MC3OUT MC2OUT MC1OUT

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 7-4 Unimplemented: Read as ‘0’

bit 3 MC4OUT: Mirror Copy of C4OUT bit

bit 2 MC3OUT: Mirror Copy of C3OUT bit

bit 1 MC2OUT: Mirror Copy of C2OUT bit

bit 0 MC1OUT: Mirror Copy of C1OUT bit

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Register 
on Page

ANSELA ANSA7 — ANSA5 ANSA4 ANSA3 ANSA2 ANSA1 ANSA0 137

ANSELB — ANSB6 ANSB5 ANSB4 ANSB3 ANSB2 ANSB1 ANSB0 143

CM1CON0 C1ON C1OUT C1OE C1POL C1ZLF C1SP C1HYS C1SYNC 203

CM2CON0 C2ON C2OUT C2OE C2POL C2ZLF C2SP C2HYS C2SYNC 203

CM1CON1 C1NTP C1INTN C1PCH<2:0> C1NCH<2:0> 204

CM2CON1 C2NTP C2INTN C2PCH<2:0> C2NCH<2:0> 204

CM3CON0 C3ON C3OUT C3OE C3POL C3ZLF C3SP C3HYS C3SYNC 203

CM3CON1 C3INTP C3INTN C3PCH<2:0> C3NCH<2:0> 204

CMOUT — — — — MC4OUT MC3OUT MC2OUT MC1OUT 205

FVRCON FVREN FVRRDY TSEN TSRNG CDAFVR<1:0> ADFVR<1:0> 167

DAC1CON0 DAC1EN — DAC1OE1 DAC1OE2 DAC1PSS<1:0> — DAC1NSS 192

DAC1CON1 DAC1R<7:0> 192

INTCON GIE PEIE TMR0IE INTE IOCIE TMR0IF INTF IOCIF 97

PIE2 OSFIE C2IE C1IE EEIE BCL1IE C4IE C3IE CCP2IE 99

PIR2 OSFIF C2IF C1IF EEIF BCL1IF C4IF C3IF CCP2IF 103

TRISA TRISA7 TRISA6 TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISA0 137

TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISB0 143

TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISC0 147

Note 1: — = unimplemented location, read as ‘0’. Shaded cells are unused by the comparator module.
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FIGURE 23-6: TIMER1 GATE SINGLE-PULSE AND TOGGLE COMBINED MODE   

TMR1GE

T1GPOL

t1g_in

T1CKI

T1GVAL

Timer1 N N + 1 N + 2

T1GSPM

T1GGO/

DONE

Set by software
Cleared by hardware on
falling edge of T1GVAL

Set by hardware on
falling edge of T1GVALCleared by software

Cleared by
softwareTMR1GIF

T1GTM

Counting enabled on
rising edge of T1G

N + 4N + 3
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26.3.5 PUSH-PULL PWM WITH FOUR 
FULL-BRIDGE OUTPUTS

The full-bridge push-pull PWM is used to drive
transistor bridge circuits as well as synchronous
switches on the secondary side of the bridge.

26.3.5.1 Mode Features

• No Dead-band control

• No Steering control available

• PWM is output on the following four pins only:

- PSMCxA

- PSMCxB

- PSMCxC

- PSMCxD

26.3.5.2 Waveform generation

Push-pull waveforms generate alternating outputs on
the output pairs. Therefore, there are two sets of rising
edge events and two sets of falling edge events.

Odd numbered period rising edge event:

• PSMCxOUT0 and PSMCxOUT2 is set active 

Odd numbered period falling edge event:

• PSMCxOUT0 and PSMCxOUT2 is set inactive 

Even numbered period rising edge event:

• PSMCxOUT1 and PSMCxOUT3 is set active

Even numbered period falling edge event:

• PSMCxOUT1 and PSMCxOUT3 is set inactive 

FIGURE 26-8: PUSH-PULL PWM WITH 4 FULL-BRIDGE OUTPUTS 

Note: PSMCxA and PSMCxC are identical
waveforms, and PSMCxB and PSMCxD are
identical waveforms.

Note: This is a subset of the 6-pin output of the
push-pull PWM output, which is why pin func-
tions are fixed in these positions, so they are
compatible with that mode. See
Section 26.3.6 “Push-Pull PWM with Four
Full-Bridge and Complementary Outputs”. 

1 2 3PWM Period Number

Period Event

Rising Edge Event

Falling Edge Event

PSMCxA

PSMCxB

PSMCxC

PSMCxD
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26.8 PSMC Synchronization

It is possible to synchronize the periods of two or more
PSMC modules together, provided that all modules
are on the same device.

Synchronization is achieved by sending a sync signal
from the master PSMC module to the desired slave
modules. This sync signal generates a period event in
each slave module, thereby aligning all slaves with the
master. This is useful when an application requires
different PWM signal generation from each module but
the waveforms must be consistent within a PWM
period.

26.8.1 SYNCHRONIZATION SOURCES

The synchronization source can be any PSMC module
on the same device. For example, in a device with two
PSMC modules, the possible sources for each device
is as shown below:

• Sources for PSMC1

- PSMC2

• Sources for PSMC2

- PSMC1

FIGURE 26-21: PSMC SYNCHRONIZATION - SYNC OUTPUT TO PIN

26.8.1.1 PSMC Internal Connections

The sync signal from the master PSMC module is
essentially that modules period event trigger. The
slave PSMC modules reset their PSMCxTMR with the
sync signal instead of their own period event.

Enabling a module as a slave recipient is done with
the PxSYNC bits of the PSMC Synchronization
Control (PSMCxSYNC) registers; registers 26-3
and 26-4.

26.8.1.2 Phase Offset Synchronization

The synchronization output signal from the PSMC
module is selectable. The sync_out source may be
either:

• Period Event

• Rising Event 

Source selection is made with the PxPOFST bit of the
PSMCxSYNC registers, registers 26-3, 26-4 and 26-7.

When the PxPOFST bit is set, the sync_out signal
comes from the rising event and the period event
replaces the rising event as the start of the active drive
period. When PxPOFST is set, duty cycles of up to
100% are achievable in both the slave and master.

When PXPOFST is clear, the sync_out signal comes
from the period event. When PxPOFST is clear, rising
events that start after the period event remove the
equivalent start delay percentage from the maximum
100% duty cycle.

26.8.1.3 Synchronization Skid

When the sync_out source is the Period Event, the
slave synchronous rising and falling events will lag by
one psmc_clk period. When the sync_out source is the
Rising Event, the synchronous events will lag by two
clock periods. To compensate for this, the values in
PHH:PHL and DCH:DCL registers can be reduced by
the number of lag cycles.

1 2 3

Caution must be used so that glitches on the period event are not missed

psmc_clk

Period Event

Rising Edge Event

Falling Edge Event

PSMCx Output
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FIGURE 27-14: I2C SLAVE, 7-BIT ADDRESS, RECEPTION (SEN = 0, AHEN = 0, DHEN = 0)
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28.4.4 BREAK CHARACTER SEQUENCE

The EUSART module has the capability of sending the
special Break character sequences that are required by
the LIN bus standard. A Break character consists of a
Start bit, followed by 12 ‘0’ bits and a Stop bit.

To send a Break character, set the SENDB and TXEN
bits of the TXSTA register. The Break character
transmission is then initiated by a write to the TXREG.
The value of data written to TXREG will be ignored and
all ‘0’s will be transmitted. 

The SENDB bit is automatically reset by hardware after
the corresponding Stop bit is sent. This allows the user
to preload the transmit FIFO with the next transmit byte
following the Break character (typically, the Sync
character in the LIN specification).

The TRMT bit of the TXSTA register indicates when the
transmit operation is active or idle, just as it does during
normal transmission. See Figure 28-9 for the timing of
the Break character sequence.

28.4.4.1 Break and Sync Transmit Sequence

The following sequence will start a message frame
header made up of a Break, followed by an auto-baud
Sync byte. This sequence is typical of a LIN bus
master.

1. Configure the EUSART for the desired mode.

2. Set the TXEN and SENDB bits to enable the
Break sequence.

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

4. Write ‘55h’ to TXREG to load the Sync character
into the transmit FIFO buffer.

5. After the Break has been sent, the SENDB bit is
reset by hardware and the Sync character is
then transmitted.

When the TXREG becomes empty, as indicated by the
TXIF, the next data byte can be written to TXREG.

28.4.5 RECEIVING A BREAK CHARACTER

The Enhanced EUSART module can receive a Break
character in two ways. 

The first method to detect a Break character uses the
FERR bit of the RCSTA register and the received data
as indicated by RCREG. The Baud Rate Generator is
assumed to have been initialized to the expected baud
rate.

A Break character has been received when;

• RCIF bit is set

• FERR bit is set

• RCREG = 00h

The second method uses the Auto-Wake-up feature
described in Section 28.4.3 “Auto-Wake-up on
Break”. By enabling this feature, the EUSART will
sample the next two transitions on RX/DT, cause an
RCIF interrupt, and receive the next data byte followed
by another interrupt.

Note that following a Break character, the user will
typically want to enable the Auto-Baud Detect feature.
For both methods, the user can set the ABDEN bit of
the BAUDCON register before placing the EUSART in
Sleep mode.

FIGURE 28-9: SEND BREAK CHARACTER SEQUENCE

Write to TXREG
Dummy Write 

BRG Output
(Shift Clock)

Start bit bit 0 bit 1 bit 11 Stop bit

Break

TXIF bit
(Transmit

Interrupt Flag)

TX (pin)

TRMT bit
(Transmit Shift

Empty Flag)

SENDB
(send Break 

control bit)

SENDB Sampled Here Auto Cleared
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Note: Unless otherwise noted, VIN = 5V, FOSC = 300 kHz, CIN = 0.1 µF, TA = 25°C.

FIGURE 32-1: IDD, LP Oscillator Mode, 
Fosc = 32 kHz, PIC16LF1788/9 Only.

FIGURE 32-2: IDD, LP Oscillator Mode, 
Fosc = 32 kHz, PIC16F1788/9 Only.
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FIGURE 32-3: IDD Typical, XT and EXTRC 
Oscillator, PIC16LF1788/9 Only.

FIGURE 32-4: IDD Maximum, XT and 
EXTRC Oscillator, PIC16LF1788/9 Only.
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FIGURE 32-5: IDD Typical, XT and EXTRC 
Oscillator, PIC16F1788/9 Only.

FIGURE 32-6: IDD Maximum, XT and 
EXTRC Oscillator, PIC16F1788/9 Only.
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Note: Unless otherwise noted, VIN = 5V, FOSC = 300 kHz, CIN = 0.1 µF, TA = 25°C.

FIGURE 32-97: ADC 12-bit Mode, 
Single-Ended DNL, VDD = 5.5V, VREF = 5.5V.

FIGURE 32-98: ADC 12-bit Mode, 
Single-Ended INL, VDD = 5.5V, VREF = 5.5V.
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FIGURE 32-99: Temp. Indicator Initial Offset, 
High Range, Temp. = 20°C, PIC16F1788/9 Only.

FIGURE 32-100: Temp. Indicator Initial Offset, 
Low Range, Temp. = 20°C, PIC16F1788/9 Only.
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FIGURE 32-101: Temp. Indicator Initial Offset, 
Low Range, Temp. = 20°C, PIC16LF1788/9 Only.

FIGURE 32-102: Temp. Indicator Slope 
Normalized to 20°C, High Range, VDD = 5.5V, 
PIC16F1788/9 Only.
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Note: Unless otherwise noted, VIN = 5V, FOSC = 300 kHz, CIN = 0.1 µF, TA = 25°C.

FIGURE 32-120: Comparator Offset, NP Mode 
(CxSP = 1), VDD = 5.0V, Typical Measured Values 
at 25°C, PIC16F1788/9 Only.

FIGURE 32-121: Comparator Offset, NP Mode 
(CxSP = 1), VDD = 5.0V, Typical Measured Values 
From -40°C to 125°C, PIC16F1788/9 Only.
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FIGURE 32-122: Comparator Response Time 
Over Voltage, NP Mode (CxSP = 1), Typical 
Measured Values, PIC16LF1788/9 Only.

FIGURE 32-123: Comparator Response Time 
Over Voltage, NP Mode (CxSP = 1), Typical 
Measured Values, PIC16F1788/9 Only.
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FIGURE 32-124: Comparator Output Filter 
Delay Time Over Temp., NP Mode (CxSP = 1), 
Typical Measured Values, PIC16LF1788/9 Only.

FIGURE 32-125: Comparator Output Filter 
Delay Time Over Temp., NP Mode (CxSP = 1), 
Typical Measured Values, PIC16F1788/9 Only.

-40°C 

25°C 

125°C 

0 

200 

400 

600 

800 

1,000 

1,200 

1,400 

1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 

T
im

e
 (

n
S

) 

VDD (V) 

Max: Typical + 3σ (-40°C to +125°C) 
Typical; statistical mean @ 25°C 
Min: Typical - 3σ (-40°C to +125°C) 

-40°C 

25°C 

125°C 

0 

100 

200 

300 

400 

500 

600 

700 

800 

2.2 2.5 2.8 3.1 3.4 3.7 4.0 4.3 4.6 4.9 5.2 5.5 

T
im

e
 (

n
S

) 

VDD (V) 

Max: Typical + 3σ (-40°C to +125°C) 
Typical; statistical mean @ 25°C 
Min: Typical - 3σ (-40°C to +125°C) 
DS40001675C-page 443   2013-2015 Microchip Technology Inc.



PIC16(L)F1788/9
Note: For the most current package drawings, please see the Microchip Packaging Specification located at 
http://www.microchip.com/packaging
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