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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)F1777/8/9
RA5/AN4/OPA1IN0-/
DAC2OUT1/PRG1F/
MD1MOD/SS

RA5 TTL/ST CMOS General purpose I/O.

AN4 AN — ADC Channel 4 input.

OPA1IN0- AN — Operational amplifier 1 inverting input.

DAC2OUT1 — AN DAC2 voltage output.

PRG1F(1) TTL/ST — Ramp generator set_falling input.

MD1MOD(1) TTL/ST — Data signal modulator modulation input.

SS ST — Slave Select input.

RA6/CLKOUT/C6IN1+/OSC2 RA6 TTL/ST CMOS General purpose I/O.

CLKOUT — CMOS FOSC/4 output.

C6IN1+ AN — Comparator 6 positive input.

OSC2 XTAL — Crystal/Resonator (LP, XT, HS modes).

RA7/CLKIN/OSC1 RA7 TTL/ST CMOS General purpose I/O.

CLKIN TTL/ST — CLC input.

OSC1 XTAL — Crystal/Resonator (LP, XT, HS modes).

RB0/AN12/ZCD/HIB0/C2IN1+/
CCP8/COG1IN/MD4CL/
INT

RB0 TTL/ST CMOS General purpose I/O.

AN12 AN — ADC Channel 12 input.

ZCD AN — Zero-cross detection input.

HIB0 HP HP High-Power output.

C2IN1+ AN — Comparator 2 positive input.

CCP8(1) TTL/ST — CCP8 capture input.

COG1IN(1) TTL/ST — Complementary output generator 1 input.

MD4CL(1) TTL/ST — Data signal modulator 4 low carrier input.

INT TTL/ST — External interrupt.

RB1/AN10/PRG1IN1/PRG2IN0/
PRG4R/HIB1/C1IN3-/C2IN3-/
C3IN3-/C4IN3-/OPA2OUT/
OPA1IN1+/OPA1IN1-/COG2IN/
MD4CH

RB1 TTL/ST CMOS General purpose I/O.

AN10 AN — ADC Channel 10 input.

PRG1IN1 AN — Ramp generator 1 reference voltage input.

PRG2IN0 AN — Ramp generator 2 reference voltage input.

PRG4R(1) TTL/ST — Ramp generator set_rising input.

HIB1 HP HP High-Power output.

C1IN3- AN — Comparator 1 negative input.

C2IN3- AN — Comparator 2 negative input.

C3IN3- AN — Comparator 3 negative input.

C4IN3- AN — Comparator 4 negative input.

OPA2OUT — AN Operational amplifier 2 output.

OPA1IN1+ AN — Operational amplifier 1 non-inverting input.

OPA1IN1- AN — Operational amplifier 1 inverting input.

COG2IN(1) TTL/ST — Complementary output generator 2 input.

MD4CH(1) TTL/ST — Data signal modulator 4 high carrier input.

TABLE 1-3: PIC16(L)F1777/9 PINOUT 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 
HP =  High Power XTAL = Crystal levels

Note 1: Default peripheral input. Alternate pins can be selected as the peripheral input with the PPS input selection registers.
2: All pin digital outputs default to PORT latch data. Alternate outputs can be selected as the peripheral digital output with 

the PPS output selection registers.
3: These peripheral functions are bidirectional. The output pin selections must be the same as the input pin selections.
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PIC16(L)F1777/8/9
FIGURE 3-8: ACCESSING THE STACK EXAMPLE 4

3.6.2 OVERFLOW/UNDERFLOW RESET

If the STVREN bit in Configuration Words is
programmed to ‘1’, the device will be reset if the stack
is PUSHed beyond the sixteenth level or POPed
beyond the first level, setting the appropriate bits
(STKOVF or STKUNF, respectively) in the PCON
register.

3.7 Indirect Addressing

The INDFn registers are not physical registers. Any
instruction that accesses an INDFn register actually
accesses the register at the address specified by the
File Select Registers (FSR). If the FSRn address
specifies one of the two INDFn registers, the read will
return ‘0’ and the write will not occur (though Status bits
may be affected). The FSRn register value is created
by the pair FSRnH and FSRnL.

The FSR registers form a 16-bit address that allows an
addressing space with 65536 locations. These locations
are divided into three memory regions:

• Traditional Data Memory

• Linear Data Memory

• Program Flash Memory

STKPTR = 0x10

When the stack is full, the next CALL or
an interrupt will set the Stack Pointer to
0x10. This is identical to address 0x00 so
the stack will wrap and overwrite the
return address at 0x00. If the Stack
Overflow/Underflow Reset is enabled, a
Reset will occur and location 0x00 will
not be overwritten.

Return Address0x0F

0x0E

0x0D

0x0C

0x0B

0x0A

0x09

0x08

0x07

0x06

0x04

0x05

0x03

0x02

0x01

0x00

Return Address

Return Address

Return Address

Return Address

Return Address

Return Address

Return Address

Return Address

Return Address

Return Address

Return Address

Return Address

Return Address

Return Address

Return AddressTOSH:TOSL

Rev. 10-000043D
7/30/2013
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REGISTER 4-4: REVID: REVISION ID REGISTER

R R R R R R

REV<13:8>

bit 13 bit 8

R R R R R R R R

REV<7:0>

bit 7 bit 0

Legend:

R = Readable bit

‘1’ = Bit is set ‘0’ = Bit is cleared

bit 13-0 REV<13:0>: Revision ID bits
DS40001819B-page 100  2015-2016 Microchip Technology Inc.



PIC16(L)F1777/8/9
TABLE 7-1: SUMMARY OF REGISTERS ASSOCIATED WITH INTERRUPTS  

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

INTCON GIE PEIE TMR0IE INTE IOCIE TMR0IF INTF IOCIF 132

OPTION_REG WPUEN INTEDG TMR0CS TMR0SE PSA PS<2:0> 274

PIE1 TMR1GIE ADIE RCIE TXIE SSP1IE CCP1IE TMR2IE TMR1IE 133

PIE2 OSFIE C2IE C1IE COG1IE BCL1IE C4IE C3IE CCP2IE 134

PIE3 — — COG2IE ZCDIE CLC4IE CLC3IE CLC2IE CLC1IE 135

PIE4 — TMR8IE TMR5GIE TMR5IE TMR3GIE TMR3IE TMR6IE TRM4IE 136

PIE5 CCP8IE(1) CCP7IE COG4IE(1) COG3IE C8IE(1) C7IE(1) C6IE C5IE 137

PIE6 — — — — PWM12IE(1) PWM11IE PWM6IE PWM5IE 138

PIR1 TMR1GIF ADIF RCIF TXIF SSP1IF CCP1IF TMR2IF TMR1IF 139

PIR2 OSFIF C2IF C1IF COG1IF BCL1IF C4IF C3IF CCP2IF 140

PIR3 — — COG2IF ZCDIF CLC4IF CLC3IF CLC2IF CLC1IF 141

PIR4 — TMR8IF TMR5GIF TMR5IF TMR3GIF TMR3IF TMR6IF TRM4IF 142

PIR5 CCP8IF(1) CCP7IF COG4IF(1) COG3IF C8IF(1) C7IF(1) C6IF C5IF 143

PIR6 — — — — PWM12IF(1) PWM11IF PWM6IF PWM5IF 144

Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used by interrupts.
Note 1: PIC16(L)F1777/9 only.
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8.2 Low-Power Sleep Mode

The PIC16F1773/6 devices contain an internal Low
Dropout (LDO) voltage regulator, which allows the
device I/O pins to operate at voltages up to 5.5V while
the internal device logic operates at a lower voltage.
The LDO and its associated reference circuitry must
remain active when the device is in Sleep mode. The
PIC16F1773/6 allow the user to optimize the operating
current in Sleep, depending on the application
requirements.

A Low-Power Sleep mode can be selected by setting
the VREGPM bit of the VREGCON register. With this
bit set, the LDO and reference circuitry are placed in a
low-power state when the device is in Sleep.

8.2.1 SLEEP CURRENT VS. WAKE-UP 
TIME

In the Default Operating mode, the LDO and reference
circuitry remain in the normal configuration while in
Sleep. The device is able to exit Sleep mode quickly
since all circuits remain active. In Low-Power Sleep
mode, when waking up from Sleep, an extra delay time
is required for these circuits to return to the normal
configuration and stabilize.

The Low-Power Sleep mode is beneficial for applica-
tions that stay in Sleep mode for long periods of time.
The Normal mode is beneficial for applications that
need to wake from Sleep quickly and frequently.

8.2.2 PERIPHERAL USAGE IN SLEEP

Some peripherals that can operate in Sleep mode will
not operate properly with the Low-Power Sleep mode
selected. The Low-Power Sleep mode is intended for
use with the following peripherals only:

• Brown-out Reset (BOR)

• Watchdog Timer (WDT)

• External interrupt pin/interrupt-on-change pins

• Timer1 (with external clock source < 100 kHz)

Note: The PIC16LF1777/8/9 do not have a
configurable Low-Power Sleep mode.
PIC16LF1777/8/9 are unregulated devices
and are always in the lowest power state
when in Sleep, with no wake-up time
penalty. These devices have a lower
maximum VDD and I/O voltage than the
PIC16F1777/8/9. See Section 36.0
“Electrical Specifications” for more
information.
DS40001819B-page 148  2015-2016 Microchip Technology Inc.
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REGISTER 11-20: LATC: PORTC DATA LATCH REGISTER

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u

LATC7 LATC6 LATC5 LATC4 LATC3 LATC2 LATC1 LATC0

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 7-0 LATC<7:0>: PORTC Output Latch Value bits

REGISTER 11-21: ANSELC: PORTC ANALOG SELECT 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 U-0 U-0

ANSC7 ANSC6 ANSC5 ANSC4 ANSC3 ANSC2 — —

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 7-2 ANSC<7:2>: Analog Select between Analog or Digital Function on pins RC<7:2>(1)

1 = Analog input. Pin is assigned as analog input(1). Digital input buffer disabled.
0 = Digital I/O. Pin is assigned to port or digital special function.

bit 1-0 Unimplemented: Read as ‘0’

Note 1: When setting a pin to an analog input, the corresponding TRIS bit must be set to Input mode in order to 
allow external control of the voltage on the pin.
 2015-2016 Microchip Technology Inc. DS40001819B-page 187
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REGISTER 11-30: WPUD: WEAK PULL-UP PORTD 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

WPUD7 WPUD6 WPUD5 WPUD4 WPUD3 WPUD2 WPUD1 WPUD0

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 7-0 WPUD<7:0>: Weak Pull-up Register bits(1, 2)

1 = Pull-up enabled
0 = Pull-up disabled

Note 1: Global WPUEN bit of the OPTION_REG register must be cleared for individual pull-ups to be enabled.
2: The weak pull-up device is automatically disabled if the pin is configured as an output.

REGISTER 11-31: ODCOND: PORTD OPEN-DRAIN CONTROL REGISTER

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

ODD7 ODD6 ODD5 ODD4 ODD3 ODD2 ODD1 ODD0

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 7-0 ODD<7:0>: PORTD Open-Drain Enable bits
For RD<7:0> pins
1 = Port pin operates as open-drain drive (sink current only)
0 = Port pin operates as standard push-pull drive (source and sink current)
DS40001819B-page 194  2015-2016 Microchip Technology Inc.
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15.4 ADC Acquisition Time

To ensure accurate temperature measurements, the
user must wait at least 200 s after the ADC input
multiplexer is connected to the temperature indicator
output before the conversion is performed. In addition,
the user must wait 200 s between sequential
conversions of the temperature indicator output.

TABLE 15-2: SUMMARY OF REGISTERS ASSOCIATED WITH THE TEMPERATURE INDICATOR      

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

FVRCON FVREN FVRRDY TSEN TSRNG CDFVR<1:0> ADFVR<1:0> 223

Legend: Shaded cells are unused by the temperature indicator module.
 2015-2016 Microchip Technology Inc. DS40001819B-page 225
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REGISTER 16-4: ADRESH: ADC RESULT REGISTER HIGH (ADRESH) ADFM = 0 

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u

ADRES<9:2>

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 7-0 ADRES<9:2>: ADC Result Register bits
Upper eight bits of 10-bit conversion result

REGISTER 16-5: ADRESL: ADC RESULT REGISTER LOW (ADRESL) ADFM = 0 

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u

ADRES<1:0> — — — — — —

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 7-6 ADRES<1:0>: ADC Result Register bits
Lower two bits of 10-bit conversion result

bit 5-0 Reserved: Do not use.
DS40001819B-page 236  2015-2016 Microchip Technology Inc.
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17.6 Register Definitions: DAC Control

Long bit name prefixes for the 5-bit DAC peripherals
are shown in Table 17-2. Refer to Section 1.1 “Regis-
ter and Bit naming conventions” for more informa-
tion 

TABLE 17-2:

Peripheral Bit Name Prefix

DAC3 DAC3

DAC4 DAC4

DAC7 DAC7

DAC8(1) DAC8

Note 1: PIC16(L)F1777/9 only.

REGISTER 17-1: DACxCON0: DACx CONTROL REGISTER 0

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

EN — OE1 OE2 PSS<1:0> NSS<1:0>

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 EN: DAC Enable bit
1 = DAC is enabled
0 = DAC is disabled

bit 6 Unimplemented: Read as ‘0’

bit 5 OE1: DAC Voltage Output Enable bit
1 = DAC voltage level is also an output on the DACxOUT1 pin
0 = DAC voltage level is disconnected from the DACxOUT1 pin

bit 4 OE2: DAC Voltage Output Enable bit
1 = DAC voltage level is also an output on the DACxOUT2 pin
0 = DAC voltage level is disconnected from the DACxOUT2 pin

bit 3-2 PSS<1:0>: DAC Positive Source Select bits
11 = Reserved, do not use
10 = FVR Buffer2 output
01 = VREF+ pin
00 = VDD

bit 1-0 NSS<1:0>: DAC Negative Source Select bits
11 = Reserved, do not use
10 = DACxREF1- (DAC7/8) or Reserved (DAC3/4)
01 = DACxREF0-
00 = AGND (AVSS)
DS40001819B-page 244  2015-2016 Microchip Technology Inc.
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EXAMPLE 27-1: TIMER UNCERTAINTY

27.10 Auto-Shutdown Control

Auto-shutdown is a method to immediately override
the COG output levels with specific overrides that
allow for safe shutdown of the circuit.

The shutdown state can be either cleared
automatically or held until cleared by software. In
either case, the shutdown overrides remain in effect
until the first rising event after the shutdown is cleared.

27.10.1 SHUTDOWN

The shutdown state can be entered by either of the
following two mechanisms:

• Software generated
• External Input

27.10.1.1 Software Generated Shutdown

Setting the ASE bit of the COGxASD0 register
(Register 27-11) will force the COG into the shutdown
state.

When auto-restart is disabled, the shutdown state will
persist until the first rising event after the ASE bit is
cleared by software.

When auto-restart is enabled, the ASE bit will clear
automatically and resume operation on the first rising
event after the shutdown input clears. See
Figure 27-15 and Section 27.10.3.2 “Auto-Restart”.

27.10.1.2 External Shutdown Source

External shutdown inputs provide the fastest way to
safely suspend COG operation in the event of a Fault
condition. When any of the selected shutdown inputs
go true, the output drive latches are reset and the
COG outputs immediately go to the selected override
levels without software delay.

Any combination of the input sources can be selected
to cause a shutdown condition. Shutdown occurs
when the selected source is low. Shutdown input
sources include:

• Any input pin selected with the COGxINPPS 
control

• Comparator 1
• Comparator 2
• Comparator 3
• Comparator 4
• CLC2 output/CLC4 output
• Timer2 output/Timer6 output
• Timer4 output/Timer8 output

Shutdown inputs are selected independently with bits
of the COGxASD1 register (Register 27-12).

27.10.2 PIN OVERRIDE LEVELS

The levels driven to the output pins, while the
shutdown is active, are controlled by the ASDAC<1:0>
and ASDBC<1:0> bits of the COGxASD0 register
(Register 27-11). ASDAC<1:0> controls the COGxA
and COGxC override levels and ASDBC<1:0> controls
the COGxB and COGxD override levels. There are
four override options for each output pair:

• Forced low
• Forced high
• Tri-state
• PWM inactive state (same state as that caused by 

a falling event)

Given:

Therefore:

Count Ah 10d= =

FCOG_Clock 8MHz=

Tuncertainty
1

FCOG_clock
---------------------------------=

 
1

8MHz
---------------= 125ns=

Proof:

Tmin
Count

FCOG_clock
---------------------------------=

125ns 10d= 1.25s=

Tmax
Count 1+

FCOG_clock
---------------------------------=

125ns 10d 1+ =

1.375s=

Therefore:

Tuncertainty Tmax Tmin–=

1.375s 1.25s–=

125ns=

Note: Shutdown inputs are level sensitive, not
edge sensitive. The shutdown state
cannot be cleared as long as the
shutdown input level persists, except by
disabling auto-shutdown,

Note: The polarity control does not apply to the
forced low and high override levels but
does apply to the PWM inactive state.
DS40001819B-page 374  2015-2016 Microchip Technology Inc.
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REGISTER 27-2: COGxCON1: COG CONTROL REGISTER 1

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

RDBS FDBS — — POLD POLC POLB POLA

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 q = Value depends on condition

bit 7 RDBS: COGx Rising Event Dead-band Timing Source Select bit

1 =  Delay chain and COGxDBR are used for dead-band timing generation
0 =  COGx_clock and COGxDBR are used for dead-band timing generation

bit 6 FDBS: COGx Falling Event Dead-band Timing Source select bit

1 =  Delay chain and COGxDBF are used for dead-band timing generation
0 =  COGx_clock and COGxDBF are used for dead-band timing generation

bit 5-4 Unimplemented: Read as ‘0’

bit 3 POLD: COGxD Output Polarity Control bit

1 =  Active level of COGxD output is low
0 =  Active level of COGxD output is high

bit 2 POLC: COGxC Output Polarity Control bit

1 =  Active level of COGxC output is low
0 =  Active level of COGxC output is high

bit 1 POLB: COGxB Output Polarity Control bit

1 =  Active level of COGxB output is low
0 =  Active level of COGxB output is high

bit 0 POLA: COGxA Output Polarity Control bit

1 =  Active level of COGxA output is low
0 =  Active level of COGxA output is high
 2015-2016 Microchip Technology Inc. DS40001819B-page 379
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REGISTER 27-13: COGxSTR: COG STEERING CONTROL REGISTER 1(1)

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

SDATD SDATC SDATB SDATA STRD STRC STRB STRA

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 q = Value depends on condition

bit 7 SDATD: COGxD Static Output Data bit

1 = COGxD static data is high
0 = COGxD static data is low

bit 6 SDATC: COGxC Static Output Data bit

1 = COGxC static data is high
0 = COGxC static data is low

bit 5 SDATB: COGxB Static Output Data bit

1 = COGxB static data is high
0 = COGxB static data is low

bit 4 SDATA: COGxA Static Output Data bit

1 = COGxA static data is high
0 = COGxA static data is low

bit 3 STRD: COGxD Steering Control bit

1 = COGxD output has the COGxD waveform with polarity control from POLD bit
0 = COGxD output is the static data level determined by the SDATD bit

bit 2 STRC: COGxC Steering Control bit

1 = COGxC output has the COGxC waveform with polarity control from POLC bit
0 = COGxC output is the static data level determined by the SDATC bit

bit 1 STRB: COGxB Steering Control bit

1 = COGxB output has the COGxB waveform with polarity control from POLB bit
0 = COGxB output is the static data level determined by the SDATB bit

bit 0 STRA: COGxA Steering Control bit

1 = COGxA output has the COGxA waveform with polarity control from POLA bit
0 = COGxA output is the static data level determined by the SDATA bit 

Note 1: Steering is active only when the MD<1:0> bits of the COGxCON0 register = 00x. (See Register 27-1).
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REGISTER 27-18: COGxPHR: COG RISING EVENT PHASE DELAY COUNT REGISTER

U-0 U-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

— — PHR<5:0>

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 q = Value depends on condition

bit 7-6 Unimplemented: Read as ‘0’

bit 5-0 PHR<5:0>: Rising Event Phase Delay Count Value bits

 =   Number of COGx clock periods to delay rising event

REGISTER 27-19: COGxPHF: COG FALLING EVENT PHASE DELAY COUNT REGISTER

U-0 U-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

— — PHF<5:0>

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 q = Value depends on condition

bit 7-6 Unimplemented: Read as ‘0’

bit 5-0 PHF<5:0>: Falling Event Phase Delay Count Value bits

 =   Number of COGx clock periods to delay falling event
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31.5 Input and Output Through Pins

The modulation and carrier sources may be selected
to come from any device pin with the PPS control logic.
Selecting a pin requires two settings: The source
selection determines that the PPS will be used and the
PPS control selects the desired pin. Source and PPS
registers are identified in Table 31-2. PPS register pin
selections are shown in Register 12-1 and
Register 12-2.

Any device pin can be selected as the modulation out-
put with the individual pin PPS controls. See
Register 12-2 for the pin output selections.

31.6 Carrier Source Polarity Select

The signal provided from any selected input source for
the carrier high and carrier low signals can be inverted.
Inverting the signal for the carrier high source is
enabled by setting the CHPOL bit of the MDxCON1
register. Inverting the signal for the carrier low source is
enabled by setting the CLPOL bit of the MDxCON1
register.

31.7 Programmable Modulator Data

The BIT bit of the MDxCON0 register can be selected
as the source for the modulator signal. When the BIT
source is selected then software generates the modu-
lation signal by setting and clearing the BIT bit at the
respective desired modulation high and low times.

31.8 Modulated Output Polarity

The modulated output signal provided on the MDxOUT
pin can also be inverted. Inverting the modulated out-
put signal is enabled by setting the OPOL bit of the
MDxCON0 register.

31.9 Operation in Sleep Mode

The DSM module is not affected by Sleep mode. The
DSM will operate during Sleep provided that the Carrier
and Modulator input sources are also active during
Sleep.

31.10 Effects of a Reset

Upon any device Reset, the data signal modulator
module is disabled. The user’s firmware is responsible
for initializing the module before enabling the output.
The registers are reset to their default values.

TABLE 31-2:

Source
Source 

Register
PPS Register

Modulation MDxSRC MDxMODPPS

Carrier High MDxCARH MDxCHPPS

Carrier Low MDxCARL MDxCLPPS
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TABLE 31-8: SUMMARY OF REGISTERS ASSOCIATED WITH DATA SIGNAL MODULATOR MODE(1)

TABLE 31-7: LOW CARRIER SOURCE

CH<4:0>
Carrier Source 
PIC16(L)F1778

Carrier Source 
PIC16(L)F1777/9

11111 Reserved Reserved

11110 Reserved Reserved

11101 Reserved Reserved

11100 Reserved Reserved

11011 Reserved Reserved

11010 Reserved Reserved

11001 Reserved Reserved

11000 Reserved Reserved

10111 Reserved Reserved

10110 Reserved Reserved

10101 Reserved Reserved

10100 Reserved Reserved

10011 Reserved Reserved

10010 LC4_out LC4_out

10001 LC3_out LC3_out

10000 LC2_out LC2_out

01111 LC1_out LC1_out

01110 Reserved PWM12_out

01101 PWM11_out PWM11_out

01100 PWM6_out PWM6_out

01011 PWM5_out PWM5_out

01010 Reserved PWM10_out

01001 PWM9_out PWM9_out

01000 PWM4_out PWM4_out

00111 PWM3_out PWM3_out

00110 Reserved CCP8_out

00101 CCP7_out CCP7_out

00100 CCP2_out CCP2_out

00011 CCP1_out CCP1_out

00010 HFINTOSC HFINTOSC

00001 FOSC FOSC

00000 MDxMODPPS pin selection MDxMODPPS pin selection

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

MDxCARH — — — CH<4:0> 436

MDxCARL — — — CL<4:0> 438

MDxSRC — — — MS<4:0> 434

MDxCON0 EN — OUT OPOL — — — BIT 433

MDxCON1 — — CHPOL CHSYNC — — CLPOL CLSYNC 433

Legend: — = unimplemented, read as ‘0’. Shaded cells are not used in the Data Signal Modulator mode.
Note 1: DSM4 available on PIC16LF1777/9 only.
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32.6 I2C Master Mode

Master mode is enabled by setting and clearing the
appropriate SSPM bits in the SSPxCON1 register and
by setting the SSPEN bit. In Master mode, the SDA and
SCK pins must be configured as inputs. The MSSP
peripheral hardware will override the output driver TRIS
controls when necessary to drive the pins low.

Master mode of operation is supported by interrupt
generation on the detection of the Start and Stop
conditions. The Stop (P) and Start (S) bits are cleared
from a Reset or when the MSSP module is disabled.
Control of the I2C bus may be taken when the P bit is
set, or the bus is Idle.

In Firmware Controlled Master mode, user code
conducts all I2C bus operations based on Start and
Stop bit condition detection. Start and Stop condition
detection is the only active circuitry in this mode. All
other communication is done by the user software
directly manipulating the SDA and SCL lines.

The following events will cause the SSP Interrupt Flag
bit, SSPxIF, to be set (SSP interrupt, if enabled):

• Start condition detected

• Stop condition detected

• Data transfer byte transmitted/received

• Acknowledge transmitted/received

• Repeated Start generated

32.6.1 I2C MASTER MODE OPERATION

The master device generates all of the serial clock
pulses and the Start and Stop conditions.   A transfer is
ended with a Stop condition or with a Repeated Start
condition. Since the Repeated Start condition is also
the beginning of the next serial transfer, the I2C bus will
not be released.

In Master Transmitter mode, serial data is output
through SDA, while SCL outputs the serial clock. The
first byte transmitted contains the slave address of the
receiving device (7 bits) and the Read/Write (R/W) bit.
In this case, the R/W bit will be logic ‘0’. Serial data is
transmitted eight bits at a time. After each byte is
transmitted, an Acknowledge bit is received. Start and
Stop conditions are output to indicate the beginning
and the end of a serial transfer.

In Master Receive mode, the first byte transmitted
contains the slave address of the transmitting device
(7 bits) and the R/W bit. In this case, the R/W bit will be
logic ‘1’. Thus, the first byte transmitted is a 7-bit slave
address followed by a ‘1’ to indicate the receive bit.
Serial data is received via SDA, while SCL outputs the
serial clock. Serial data is received eight bits at a time.
After each byte is received, an Acknowledge bit is
transmitted. Start and Stop conditions indicate the
beginning and end of transmission.

A Baud Rate Generator is used to set the clock
frequency output on SCL. See Section 32.7 “Baud
Rate Generator” for more detail.

Note 1: The MSSP module, when configured in
I2C Master mode, does not allow queuing
of events. For instance, the user is not
allowed to initiate a Start condition and
immediately write the SSPxBUF register
to initiate transmission before the Start
condition is complete. In this case, the
SSPxBUF will not be written to and the
WCOL bit will be set, indicating that a
write to the SSPxBUF did not occur

2: Master mode suspends Start/Stop
detection when sending the Start/Stop
condition by means of the SEN/PEN
control bits. The SSPxIF bit is set at the
end of the Start/Stop generation when
hardware clears the control bit.
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FIGURE 33-12: SYNCHRONOUS RECEPTION (MASTER MODE, SREN)       

TABLE 33-8: SUMMARY OF REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER 
RECEPTION 

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

ANSELA — — ANSA5 ANSA4 ANSA3 ANSA2 ANSA1 ANSA0 177

ANSELB — — ANSB5 ANSB4 ANSB3 ANSB2 ANSB1 ANSB0 182

ANSELC ANSC7 ANSC6 ANSC5 ANSC4 ANSC3 ANSC2 — — 187

BAUD1CON ABDOVF RCIDL — SCKP BRG16 — WUE ABDEN 505

CKPPS — — CKPPS<5:0> 205, 207

INTCON GIE PEIE TMR0IE INTE IOCIE TMR0IF INTF IOCIF 132

PIE1 TMR1GIE ADIE RCIE TXIE SSP1IE CCP1IE TMR2IE TMR1IE 133

PIR1 TMR1GIF ADIF RCIF TXIF SSP1IF CCP1IF TMR2IF TMR1IF 139

RC1REG EUSART Receive Data Register 498*

RC1STA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 504

RXPPS — — RXPPS<5:0> 205, 207

RxyPPS — — RxyPPS<5:0> 205

SP1BRGL SP1BRG<7:0> 506*

SP1BRGH SP1BRG<15:8> 506*

TRISA TRISA5 TRISA4 TRISA5 TRISA4 TRISA5 TRISA2 TRISA1 TRISA0 176

TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISB0 181

TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISC0 186

TX1STA CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 503

Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used for synchronous master reception.
* Page provides register information.

CREN bit

RX/DT

Write to
bit SREN

SREN bit

RCIF bit
(Interrupt)

Read
RCxREG

‘0’

bit 0 bit 1 bit 2 bit 3 bit 4 bit 5 bit 6 bit 7

‘0’

Note: Timing diagram demonstrates Sync Master mode with bit SREN = 1 and bit BRGH = 0.

TX/CK pin

TX/CK pin

pin

(SCKP = 0)

(SCKP = 1)
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TABLE 36-5: MEMORY PROGRAMMING SPECIFICATIONS

Standard Operating Conditions (unless otherwise stated)

Param
No.

Sym. Characteristic Min. Typ† Max. Units Conditions

Program Memory 
Programming Specifications

D110 VIHH Voltage on MCLR/VPP pin 8.0 — 9.0 V (Note 2, Note 3)

D111 IDDP Supply Current during 
Programming

— — 10 mA

D112 VBE VDD for Bulk Erase 2.7 — VDDMAX V

D113 VPEW VDD for Write or Row Erase VDDMIN — VDDMAX V

D114 IPPPGM Current on MCLR/VPP during 
Erase/Write

— 1.0 — mA

D115 IDDPGM Current on VDD during 
Erase/Write

— 5.0 — mA

Program Flash Memory

D121 EP Cell Endurance 10K — — E/W -40C  TA  +85C
(Note 1)

D122 VPRW VDD for Read/Write VDDMIN — VDDMAX V

D123 TIW Self-timed Write Cycle Time — 2 2.5 ms

D124 TRETD Characteristic Retention — 40 — Year Provided no other 
specifications are violated

D125 EHEFC High-Endurance Flash Cell 100K — — E/W -0C  TA  +60°C, Lower 
byte last 128 addresses

† Data in “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance 
only and are not tested.

Note 1: Self-write and Block Erase.

2: Required only if single-supply programming is disabled.

3: The MPLAB ICD 2 does not support variable VPP output. Circuitry to limit the ICD 2 VPP voltage must be 
placed between the ICD 2 and target system when programming or debugging with the ICD 2.
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