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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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Peripherals Brown-out Detect/Reset, LCD, POR, PWM, WDT

Number of I/O 35

Program Memory Size 28KB (16K x 14)

Program Memory Type FLASH

EEPROM Size 256 x 8

RAM Size 2K x 8

Voltage - Supply (Vcc/Vdd) 1.8V ~ 3.6V

Data Converters A/D 31x12b; D/A 1x5b

Oscillator Type Internal

Operating Temperature -40°C ~ 85°C (TA)

Mounting Type Surface Mount

Package / Case 40-UFQFN Exposed Pad
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PIC16(L)F19155/56/75/76/85/86

FIGURE 2: 28-PIN UQFN PIN DIAGRAM FOR PIC16(L)F19155/56

Note 1: See Table 3 for location of all peripheral functions.

2: All VDD and all VSS pins must be connected at the circuit board level. Allowing one or more VSS or
VDD pins to float may result in degraded electrical performance or non-functionality.

3: The bottom pad of the QFN/UQFN package should be connected to VSS at the circuit board level.
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PIC16(L)F19155/56/75/76/85/86
RC0/T1CKI(1)/SMTWIN1(1)/IOCC0/SOSCO RC0 TTL/ST CMOS/OD General purpose I/O.

T1CKI(1) — — Timer1 clock input.

SMTWIN1(1) — — SMT window input.

IOCC0 TTL/ST — Interrupt-on-change input.

SOSCO — AN 32.768 kHz secondary oscillator crystal driver 
output.

RC1/T4IN(1)/SMTSIG1(1)/CCP2(1)/IOCC1/SOSCI RC1 TTL/ST CMOS/OD General purpose I/O.

T4IN(1) — — Timer4 external input.

SMTSIG1(1) — — SMT signal input. 

CCP2(1) — — CCP Capture Input.

IOCC1 TTL/ST — Interrupt-on-change input.

SOSCI — — 32.768 kHz secondary oscillator crystal driver 
input.

RC2/CCP1(1)/IOCC2/ANC2/SEG18/COM2 RC2 TTL/ST CMOS/OD General purpose I/O.

CCP1(1) — — CCP Capture Input.

IOCC2 TTL/ST — Interrupt-on-change input.

ANC2 AN — ADC Channel input.

SEG18 — AN LCD Analog output.

COM2 — AN LCD Driver Common Outputs.

RC3/T2IN(1)/SCL(3,4)/SCK(1)/SEG19 RC3 TTL/ST CMOS/OD General purpose I/O.

T2IN(1) — — Timer2 external input.

SCL(3,4) I2C OD MSSP I2C clock input/output.

SCK(1) TTL/ST — MSSP SPI clock input/output

IOCC3 TTL/ST — Interrupt-on-change input.

ANC3 AN — ADC Channel input.

SEG19 — AN LCD Analog output.

RC4/SDA(3,4)/SDI(1)/IOCC4/ANC4/SEG20 RC4 TTL/ST CMOS/OD General purpose I/O.

SDA(3,4) TTL/ST — MSSP I2C data input/output.

SDI(1) I2C OD MSSP SPI serial data in.

IOCC4 TTL/ST — Interrupt-on-change input.

ANC4 AN — ADC Channel input.

SEG20 — AN LCD Analog output.

TABLE 1-4: PIC16(L)F19185/86 PINOUT DESCRIPTION (CONTINUED)

Name Function Input 
Types

Output 
Types 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: This is a PPS remappable input signal. The input function may be moved from the default location shown to one of several other PORTx pins. 
Refer to Table 14-2 for details on which PORT pins may be used for this signal.

2: All output signals shown in this row are PPS remappable. These signals may be mapped to output onto one of several PORTx pin options as 
described in Table 14-3.

3: This is a bidirectional signal. For normal module operation, the firmware should map this signal to the same pin in both the PPS input and 
PPS output registers.

4: These pins are configured for I2C logic levels. The SCLx/SDAx signals may be assigned to any of the RB1/RB2/RC3/RC4 pins. PPS assign-
ments to the other pins (e.g., RA5) will operate, but input logic levels will be standard TTL/ST, as selected by the INLVL register, instead of 
the I2C specific or SMBus input buffer thresholds.
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PIC16(L)F19155/56/75/76/85/86

TABLE 4-10: PIC16(L)F19155/56/75/76/85/86 MEMORY MAP, BANKS 58-63

Bank 58 Bank 59 Bank 60 Bank 61 Bank 62 Bank 63
1D00h Core Registers

(Table 4-3) 1D80h

Core Registers

(Table 4-3) 1E00h

Core Registers

(Table 4-3) 1E80h

Core Registers

(Table 4-3) 1F00h

Core Registers

(Table 4-3) 1F80h

Core Registers

(Table 4-3)

1D0Ch LCDCON 1D8Ch — 1E0Ch — 1E8Ch — 1F0Ch — 1F8Ch —

1D0Dh LCDPS 1D8Dh — 1E0Dh — 1E8Dh — 1F0Dh — 1F8Dh —

1D0Eh LCDSE0 1D8Eh — 1E0Eh — 1E8Eh — 1F0Eh — 1F8Eh —

1D0Fh LCDSE1 1D8Fh — 1E0Fh CLCDATA 1E8Fh PPSLOCK 1F0Fh — 1F8Fh —

1D10h LCDSE2 1D90h — 1E10h CLC1CON 1E90h INTPPS 1F10h RA0PPS 1F90h —

1D11h LCDSE3 1D91h — 1E11h CLC1POL 1E91h T0CKIPPS 1F11h RA1PPS 1F91h —

1D12h LCDSE4 1D92h — 1E12h CLC1SEL0 1E92h T1CKIPPS 1F12h RA2PPS 1F92h —

1D13h LCDSE5 1D93h — 1E13h CLC1SEL1 1E93h T1GPPS 1F13h RA3PPS 1F93h —

1D14h LCDVCON1 1D94h — 1E14h CLC1SEL2 1E94h — 1F14h RA4PPS 1F94h —

1D15h LCDVCON2 1D95h — 1E15h CLC1SEL3 1E95h — 1F15h RA5PPS 1F95h —

1D16h LCDREF 1D96h — 1E16h CLC1GLS0 1E96h — 1F16h RA6PPS 1F96h —

1D17h LCDRL 1D97h — 1E17h CLC1GLS1 1E97h — 1F17h RA7PPS 1F97h —

1D18h LCDDATA0 1D98h — 1E18h CLC1GLS2 1E98h — 1F18h RB0PPS 1F98h —

1D19h LCDDATA1 1D99h — 1E19h CLC1GLS3 1E99h — 1F19h RB1PPS 1F99h —

1D1Ah LCDDATA2 1D9Ah — 1E1Ah CLC2CON 1E9Ah — 1F1Ah RB2PPS 1F9Ah —

1D1Bh LCDDATA3 1D9Bh — 1E1Bh CLC2POL 1E9Bh — 1F1Bh RB3PPS 1F9Bh —

1D1Ch LCDDATA4 1D9Ch — 1E1Ch CLC2SEL0 1E9Ch T2AINPPS 1F1Ch RB4PPS 1F9Ch —

1D1Dh LCDDATA5 1D9Dh — 1E1Dh CLC2SEL1 1E9Dh T4AINPPS 1F1Dh RB5PPS 1F9Dh —

1D1Eh LCDDATA6 1D9Eh — 1E1Eh CLC2SEL2 1E9Eh — 1F1Eh RB6PPS 1F9Eh —

1D1Fh LCDDATA7 1D9Fh — 1E1Fh CLC2SEL3 1E9Fh — 1F1Fh RB7PPS 1F9Fh —

1D20h LCDDATA8 1DA0h — 1E20h CLC2GLS0 1EA0h — 1F20h RC0PPS 1FA0h —

1D21h LCDDATA9 1DA1h — 1E21h CLC2GLS1 1EA1h CCP1PPS 1F21h RC1PPS 1FA1h —

1D22h LCDDATA10 1DA2h — 1E22h CLC2GLS2 1EA2h CCP2PPS 1F22h RC2PPS 1FA2h —

1D23h LCDDATA11 1DA3h — 1E23h CLC2GLS3 1EA3h — 1F23h RC3PPS 1FA3h —

1D24h LCDDATA12 1DA4h — 1E24h CLC3CON 1EA4h — 1F24h RC4PPS 1FA4h —

1D25h LCDDATA13 1DA5h — 1E25h CLC3POL 1EA5h — 1F25h — 1FA5h —

1D26h LCDDATA14 1DA6h — 1E26h CLC3SEL0 1EA6h — 1F26h RC6PPS 1FA6h —

1D27h LCDDATA15 1DA7h — 1E27h CLC3SEL1 1EA7h — 1F27h RC7PPS 1FA7h —

1D28h LCDDATA16 1DA8h — 1E28h CLC3SEL2 1EA8h — 1F28h RD0PPS(2) 1FA8h —

1D29h LCDDATA17 1DA9h — 1E29h CLC3SEL3 1EA9h SMT1WINPPS 1F29h RD1PPS(2) 1FA9h —

1D2Ah LCDDATA18 1DAAh — 1E2Ah CLC3GLS0 1EAAh SMT1SIGPPS 1F2Ah RD2PPS(2) 1FAAh —

1D2Bh LCDDATA19 1DABh — 1E2Bh CLC3GLS1 1EABh — 1F2Bh RD3PPS(2) 1FABh —

1D2Ch LCDDATA20 1DACh — 1E2Ch CLC3GLS2 1EACh — 1F2Ch RD4PPS(2) 1FACh —

1D2Dh LCDDATA21 1DADh — 1E2Dh CLC3GLS3 1EADh — 1F2Dh RD5PPS(2) 1FADh —

1D2Eh LCDDATA22 1DAEh — 1E2Eh CLC4CON 1EAEh — 1F2Eh RD6PPS(2) 1FAEh —

1D2Fh LCDDATA23 1DAFh — 1E2Fh CLC4POL 1EAFh — 1F2Fh RD7PPS(2) 1FAFh —

1D30h LCDDATA24 1DB0h — 1E30h CLC4SEL0 1EB0h — 1F30h RE0PPS(2) 1FB0h —

1D31h LCDDATA25 1DB1h — 1E31h CLC4SEL1 1EB1h CWG1PPS 1F31h RE1PPS(2) 1FB1h —

1D32h LCDDATA26 1DB2h — 1E32h CLC4SEL2 1EB2h — 1F32h RE2PPS(2) 1FB2h —

1D33h LCDDATA27 1DB3h — 1E33h CLC4SEL3 1EB3h — 1F33h RE3PPS 1FB3h —

1D34h LCDDATA28 1DB4h — 1E34h CLC4GLS0 1EB4h — 1F34h RE4PPS 1FB4h —

1D35h LCDDATA29 1DB5h — 1E35h CLC4GLS1 1EB5h — 1F35h RE5PPS 1FB5h —

1D36h LCDDATA30 1DB6h — 1E36h CLC4GLS2 1EB6h — 1F36h RE6PPS 1FB6h —

1D37h LCDDATA31 1DB7h — 1E37h CLC4GLS3 1EB7h — 1F37h RE7PPS 1FB7h —

1D38h LCDDATA32 1DB8h — 1E38h RF0PPS(3) 1EB8h — 1F38h ANSELA 1FB8h —

1D39h LCDDATA33 1DB9h — 1E39h RF1PPS(3) 1EB9h — 1F39h WPUA 1FB9h —

1D3Ah LCDDATA34 1DBAh — 1E3Ah RF2PPS(3) 1EBAh — 1F3Ah ODCONA 1FBAh —
Note 1: Unimplemented locations read as ‘0’.

2: Present only on PIC16(L)F19156/76/86.
3: Present only on PIC16(L)F19185/86.
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REGISTER 10-13: PIR2: PERIPHERAL INTERRUPT REQUEST REGISTER 2

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

— ZCDIF — — — — C2IF C1IF

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 HS = Hardware set

bit 7 Unimplemented: Read as ‘0’

bit 6 ZCDIF: Zero-Cross Detect (ZCD1) Interrupt Flag bit

1 = An enabled rising and/or falling ZCD1 event has been detected (must be cleared in software)
0 = No ZCD1 event has occurred

bit 5-2 Unimplemented: Read as ‘0’

bit 1 C2IF: Comparator C2 Interrupt Flag bit
1 = Comparator 2 interrupt asserted (must be cleared in software)
0 = Comparator 2 interrupt not asserted

bit 0 C1IF: Comparator C1 Interrupt Flag bit

1 = Comparator 1 interrupt asserted (must be cleared in software)
0 = Comparator 1 interrupt not asserted

Note: Interrupt flag bits are set when an interrupt
condition occurs, regardless of the state of
its corresponding enable bit or the Global
Enable bit, GIE, of the INTCON register.
User software should ensure the
appropriate interrupt flag bits are clear
prior to enabling an interrupt.
 2017 Microchip Technology Inc. Preliminary DS40001923A-page 176
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REGISTER 10-14: PIR3: PERIPHERAL INTERRUPT REQUEST REGISTER 3 

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

RC2IF TX2IF RC1IF TX1IF — — BCL1IF SSP1IF

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 HS = Hardware clearable

bit 7 RC2IF: EUSART2 Receive Interrupt Flag (read-only) bit(1)

1 = The EUSART2 receive buffer is not empty (contains at least one byte)
0 = The EUSART2 receive buffer is empty

bit 6 TX2IF: EUSART2 Transmit Interrupt Flag (read-only) bit(1)

1 = The EUSART2 transmit buffer contains at least one unoccupied space
0 = The EUSART2 transmit buffer is currently full. The application firmware should not write to

TXxREG

bit 5 RC1IF: EUSART1 Receive Interrupt Flag (read-only) bit (1)

1 = The EUSART1 receive buffer is not empty (contains at least one byte)
0 = The EUSART1 receive buffer is empty

bit 4 TX1IF: EUSART1 Transmit Interrupt Flag (read-only) bit(2)

1 =  The EUSART1 transmit buffer contains at least one unoccupied space
0 =  The EUSART1 transmit buffer is currently full. The application firmware should not write to

TXxREG again, until more room becomes available in the transmit buffer.

bit 3-2 Unimplemented: Read as ‘0’

bit 1 BCL1IF: MSSP1 Bus Collision Interrupt Flag bit

1 = A bus collision was detected (must be cleared in software)
0 = No bus collision was detected

bit 0 SSP1IF: Synchronous Serial Port (MSSP1) Interrupt Flag bit

1 = The Transmission/Reception/Bus Condition is complete (must be cleared in software)
0 = Waiting for the Transmission/Reception/Bus Condition in progress

Note 1: The RCxIF flag is a read-only bit. To clear the RCxIF flag, the firmware must read from RCxREG enough 
times to remove all bytes from the receive buffer.

2: The TXxIF flag is a read-only bit, indicating if there is room in the transmit buffer. To clear the TXxIF flag, 
the firmware must write enough data to TXxREG to completely fill all available bytes in the buffer. The 
TXxIF flag does not indicate transmit completion (use TRMT for this purpose instead).

Note: Interrupt flag bits are set when an interrupt
condition occurs, regardless of the state of
its corresponding enable bit or the Global
Enable bit, GIE, of the INTCON register.
User software should ensure the
appropriate interrupt flag bits are clear
prior to enabling an interrupt.
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FIGURE 12-1: WATCHDOG TIMER BLOCK DIAGRAM   
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REGISTER 13-5: NVMCON1: NONVOLATILE MEMORY CONTROL 1 REGISTER
U-0 R/W-0/0 R/W-0/0 R/W/HC-0/0 R/W/HC-x/q R/W-0/0 R/S/HC-0/0 R/S/HC-0/0

— NVMREGS LWLO FREE WRERR(1,2,3) WREN WR(4,5,6) RD

bit 7 bit 0

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

S = Bit can only be set x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bit is set ‘0’ = Bit is cleared HC = Bit is cleared by hardware

bit 7 Unimplemented: Read as ‘0’

bit 6 NVMREGS: Configuration Select bit
1 = Access EEPROM, DIA, DCI, Configuration, User ID and Device ID Registers
0 = Access PFM

bit 5 LWLO: Load Write Latches Only bit
When FREE = 0:
1 = The next WR command updates the write latch for this word within the row; no memory operation is initiated.
0 = The next WR command writes data or erases
Otherwise: The bit is ignored

bit 4 FREE: PFM Erase Enable bit 
When NVMREGS:NVMADR points to a PFM location:
1 = Performs an erase operation with the next WR command; the 32-word pseudo-row containing the indicated

address is erased (to all 1s) to prepare for writing.
0 = All erase operations have completed normally

bit 3 WRERR: Program/Erase Error Flag bit(1,2,3)

This bit is normally set by hardware.
1 = A write operation was interrupted by a Reset, interrupted unlock sequence, or WR was written to one while

NVMADR points to a write-protected address.
0 = The program or erase operation completed normally

bit 2 WREN: Program/Erase Enable bit
1 = Allows program/erase cycles
0 = Inhibits programming/erasing of program Flash

bit 1 WR: Write Control bit(4,5,6)

When NVMREG:NVMADR points to a PFM location:
1 = Initiates the operation indicated by Table 13-4
0 = NVM program/erase operation is complete and inactive.

bit 0 RD: Read Control bit(7)

1 = Initiates a read at address = NVMADR1, and loads data to NVMDAT Read takes one instruction cycle and the
bit is cleared when the operation is complete. The bit can only be set (not cleared) in software.

0 = NVM read operation is complete and inactive

Note 1: Bit is undefined while WR = 1.
2: Bit must be cleared by software; hardware will not clear this bit.
3: Bit may be written to ‘1’ by software in order to implement test sequences.
4: This bit can only be set by following the unlock sequence of Section 13.4.2 “NVM Unlock Sequence”.
5: Operations are self-timed, and the WR bit is cleared by hardware when complete.
6: Once a write operation is initiated, setting this bit to zero will have no effect.
7: Reading from EEPROM loads only NVMDATL<7:0> (Register 13-1).
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TABLE 14-3: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB

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

PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RB0 229

TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISB0 229

LATB LATB7 LATB6 LATB5 LATB4 LATB3 LATB2 LATB1 LATB0 230

ANSELB ANSB7 ANSB6 ANSB5 ANSB4 ANSB3 ANSB2 ANSB1 ANSB0 230

WPUB WPUB7 WPUB6 WPUB5 WPUB4 WPUB3 WPUB2 WPUB1 WPUB0 231

ODCONB ODCB7 ODCB6 ODCB5 ODCB4 ODCB3 ODCB2 ODCB1 ODCB0 231

SLRCONB SLRB7 SLRB6 SLRB5 SLRB4 SLRB3 SLRB2 SLRB1 SLRB0 232

INLVLB INLVLB7 INLVLB6 INLVLB5 INLVLB4 INLVLB3 INLVLB2 INLVLB1 INLVLB0 232

HIDRVB — — — — — — HIDB1 — 232

Legend: x = unknown, u = unchanged, – = unimplemented locations read as ‘0’. Shaded cells are not used by 
PORTB.
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REGISTER 14-24: INLVLC: PORTC INPUT LEVEL CONTROL REGISTER

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

INLVLC7 INLVLC6 — INLVLC4 INLVLC3 INLVLC2 INLVLC1 INLVLC0

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 INLVLC<7:6>: PORTC Input Level Select bits
For RC<7:6> pins, respectively
1 = ST input used for PORT reads and interrupt-on-change
0 = TTL input used for PORT reads and interrupt-on-change

bit 5 Unimplemented: Read as ‘0’.

bit 4-0 INLVLC<4:0>: PORTC Input Level Select bits
For RC<4:0> pins, respectively
1 = ST input used for PORT reads and interrupt-on-change
0 = TTL input used for PORT reads and interrupt-on-change

TABLE 14-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORTC

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

PORTC RC7 RC6 — RC4 RC3 RC2 RC1 RC0 235

TRISC TRISC7 TRISC6 — TRISC4 TRISC3 TRISC2 TRISC1 TRISC0 235

LATC LATC7 LATC6 — LATC4 LATC3 LATC2 LATC1 LATC0 236

WPUC WPUC7 WPUC6 — WPUC4 WPUC3 WPUC2 WPUC1 WPUC0 236

ODCONC ODCC7 ODCC6 — ODCC4 ODCC3 ODCC2 ODCC1 ODCC0 237

SLRCONC SLRC7 SLRC6 — SLRC4 SLRC3 SLRC2 SLRC1 SLRC0 237

INLVLC INLVLC7 INLVLC6 — INLVLC4 INLVLC3 INLVLC2 INLVLC1 INLVLC0 238

Legend: – = unimplemented locations read as ‘0’. Shaded cells are not used by PORTC.
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19.5.5 BURST AVERAGE MODE

The Burst Average mode (ADMD = 011) acts the same
as the Average mode in most respects. The one way it
differs is that it continuously retriggers ADC sampling
until the CNT value is greater than or equal to RPT,
even if Continuous Sampling mode (see Section
19.5.8 “Continuous Sampling mode”) is not
enabled. This allows for a threshold comparison on the
average of a short burst of ADC samples.

19.5.6 LOW-PASS FILTER MODE

The Low-Pass Filter mode (ADMD = 100) acts similarly
to the Average mode in how it handles samples
(accumulates samples until CNT value is greater than
or equal to RPT, then triggers threshold comparison.
CNT does not reset once it is greater or equal to RPT.
Thus CNT will be greater than RPT for all subsequent
samples until CNT is reset by the user), but instead of
a simple average, it performs a low-pass filter operation
on all of the samples, reducing the effect of
high-frequency noise on the average, then performs a
threshold comparison on the results. (see Table 19-2
for a more detailed description of the mathematical
operation). In this mode, the ADCRS bits determine the
cut-off frequency of the low-pass filter (as
demonstrated by Table 19-3).

19.5.7 THRESHOLD COMPARISON

At the end of each computation:

• The conversion results are latched and held 
stable at the end-of-conversion.

• The error is calculated based on a difference 
calculation which is selected by the 
ADCALC<2:0> bits in the ADCON3 register. The 
value can be one of the following calculations 
(see Register 19-4 for more details):
- The first derivative of single measurements
- The CVD result in CVD mode
- The current result vs. a setpoint
- The current result vs. the filtered/average 

result
- The first derivative of the filtered/average 

value
- Filtered/average value vs. a setpoint

• The result of the calculation (ERR) is compared to 
the upper and lower thresholds, 
UTH<ADUTHH:ADUTHL> and 
LTH<ADLTHH:ADLTHL> registers, to set the 
ADUTHR and ADLTHR flag bits. The threshold 
logic is selected by ADTMD<2:0> bits in the 
ADCON3 register. The threshold trigger option 
can be one of the following:
- Never interrupt
- Error is less than lower threshold
- Error is greater than or equal to lower 

threshold
- Error is between thresholds (inclusive)
- Error is outside of thresholds
- Error is less than or equal to upper threshold
- Error is greater than upper threshold
- Always interrupt regardless of threshold test 

results 
- If the threshold condition is met, the threshold 

interrupt flag ADTIF is set.

Note 1: The threshold tests are signed
operations.

2: If OV is set, a threshold interrupt is sig-
naled.
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REGISTER 19-15: ADCNT: ADC REPEAT COUNTER 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

CNT<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 7-0 CNT<7:0>: ADC Repeat Count bits
Counts the number of times that the ADC has been triggered and is used along with RPT to determine
when the error threshold is checked when the computation is Low-pass Filter, Burst Average, or Aver-
age modes. See Table 19-2 for more details.

REGISTER 19-16: ADFLTRH: ADC FILTER HIGH BYTE REGISTER
R-x R-x R-x R-x R-x R-x R-x R-x

FLTR<15:8>

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 FLTR<15:8>: ADC Filter Output Most Significant bits
In Accumulate, Average, and Burst Average mode, this is equal to ACC right shifted by the ADCRS
bits of ADCON2. In LPF mode, this is the output of the Low-pass Filter.

REGISTER 19-17: ADFLTRL: ADC FILTER LOW BYTE REGISTER
R-x R-x R-x R-x R-x R-x R-x R-x

FLTR<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 7-0 FLTR<7:0>: ADC Filter Output Least Significant bits
In Accumulate, Average, and Burst Average mode, this is equal to ACC right shifted by the ADCRS
bits of ADCON2. In LPF mode, this is the output of the Low-pass Filter.
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22.0 COMPARATOR MODULE
Comparators are used to interface analog circuits to a
digital circuit by comparing two analog voltages and
providing a digital indication of their relative magnitudes.
Comparators are very useful mixed signal building
blocks because they provide analog functionality
independent of program execution. The analog
comparator module includes the following features:

• Programmable input selection

• Selectable voltage reference

• Programmable output polarity

• Rising/falling output edge interrupts

• Programmable Speed/Power optimization

• CWG1 Auto-shutdown source

22.1  Comparator Overview
A single comparator is shown in Figure 22-1 along with
the relationship between the analog input levels and
the digital output. When the analog voltage at VIN+ is
less than the analog voltage at VIN-, the output of the
comparator is a digital low level. When the analog
voltage at VIN+ is greater than the analog voltage at
VIN-, the output of the comparator is a digital high level.

The comparators available are shown in Table 22-1.

22.2 C2 Low-Power Clocked 
Comparator

C2 is a low-power LFINTOSC clocked comparator. On
each rising edge of LFINTOSC the output state of the
comparator is updated based on the states of the com-
parator inputs.

22.2.1 LOW POWER REFERENCE

C2 has access to a low power reference source
(3.072V) used by the LCD module. If the lowest power
operation is desired and a highest variation of tolerance
is acceptable, the user can choose the C2 Low-Power
Clocked Comparator with the LCD VREF as a positive
channel input (see Comparator Positive Input Channel
Select bits PCH<2:0>). See Section 18.0 “Fixed Volt-
age Reference (FVR)” for additional details.

FIGURE 22-1: SINGLE COMPARATOR      

TABLE 22-1: AVAILABLE COMPARATORS
Device C1 C2

PIC16(L)F19155/56/75/76/85/86 ● ●

–

+VIN+

VIN-
Output

Output

VIN+
VIN-

Note: The black areas of the output of the
comparator represents the uncertainty
due to input offsets and response time.
 2017 Microchip Technology Inc. Preliminary DS40001923A-page 334



PIC16(L)F19155/56/75/76/85/86

FIGURE 26-2: TIMER1 INCREMENTING EDGE   

FIGURE 26-3: TIMER1 GATE ENABLE MODE   

TxCKI = 1

when the timer is
enabled

TxCKI = 0

when the timer is
enabled

Note 1: Arrows indicate counter increments.

2: In Counter mode, a falling edge must be registered by the counter prior to the first incrementing rising edge of the clock.

TMRxGE

TxGPOL

selected 

TxCKI

TxGVAL

TMRxH:TMRxL N N + 1 N + 2 N + 3 N + 4

gate input

Count
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33.6.5 I2C MASTER MODE REPEATED 

START CONDITION TIMING

A Repeated Start condition (Figure 33-27) occurs when
the RSEN bit of the SSPxCON2 register is pro-
grammed high and the master state machine is no lon-
ger active. When the RSEN bit is set, the SCL pin is
asserted low. When the SCL pin is sampled low, the
Baud Rate Generator is loaded and begins counting.
The SDA pin is released (brought high) for one Baud
Rate Generator count (TBRG). When the Baud Rate
Generator times out, if SDA is sampled high, the SCL
pin will be deasserted (brought high). When SCL is
sampled high, the Baud Rate Generator is reloaded
and begins counting. SDA and SCL must be sampled
high for one TBRG. This action is then followed by
assertion of the SDA pin (SDA = 0) for one TBRG while
SCL is high. SCL is asserted low. Following this, the
RSEN bit of the SSPxCON2 register will be automati-

cally cleared and the Baud Rate Generator will not be
reloaded, leaving the SDA pin held low. As soon as a
Start condition is detected on the SDA and SCL pins,
the S bit of the SSPxSTAT register will be set. The
SSPxIF bit will not be set until the Baud Rate Generator
has timed out.

FIGURE 33-27: REPEATED START CONDITION WAVEFORM   

Note 1: If RSEN is programmed while any other
event is in progress, it will not take effect.

2: A bus collision during the Repeated Start
condition occurs if: 

• SDA is sampled low when SCL 
goes from low-to-high.

• SCL goes low before SDA is 
asserted low. This may indicate 
that another master is attempting 
to transmit a data ‘1’. 

SDA

SCL

Repeated Start

Write to SSPxCON2 

Write to SSPxBUF occurs here

At completion of Start bit, 
hardware clears RSEN bit

1st bit

S bit set by hardware

TBRG

TBRG

SDA = 1, SDA = 1, 

SCL (no change) SCL = 1

occurs here

TBRG TBRG TBRG

     and sets SSPxIF

Sr
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35.5.2 AUTOMATIC POWER MODE 

SWITCHING

Each segment within an LCD display is perceived elec-
trically like a small capacitor. Due to this fact, power is
mainly consumed during the transition periods when
voltage is being supplied to the segments. So in order
to manage total current consumption, the LCD refer-
ence ladder can be used in different power modes
during these transition periods. Control of the LCD ref-
erence ladder is done through the LCDRL register (see
Register 35-7). 

The automatic power switching using Type-A/Type-B,
can optimize the power consumption for a given con-
trast.

As shown in Figure 35-3, Power Mode A is active for a
programmable time, beginning when the LCD segment
waveform is transitioning. The LRLAT<2:0> bits
(LCDRL<2:0>) select how long Mode A is active.
Power mode B is active for the remaining time before
the segments or commons change again.

As shown in Figure 35-3, there are 32 counts in a single
segment time. Type-A is used when the wave form is in
transition. Type-B can be used when the segment volt-
age is stable or not in transition.

FIGURE 35-3: LCD REFERENCE LADDER POWER MODE SWITCHING DIAGRAM

Single Segment Time

'H00 'H01 'H02 'H03 'H04 'H05 'H06 'H07 'H1E 'H1F 'H00 'H01

'H3

Power Mode A Power Mode B Mode A

LRLAT<2:0>

lcd_32x_clk

cnt<4:0>

lcd_clk

LRLAT<2:0>

 Segment Data

Power Mode
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FIGURE 35-16: TYPE-B WAVEFORMS IN 1/3 MUX, 1/3 BIAS DRIVE
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LCDDATA34 S47C5 S46C5 S45C5 S44C5 S43C5 S42C5 S41C5 S40C5 624

LCDDATA35 S07C6 S06C6 — S04C6 S03C6 S02C6 S01C6 S00C6 624

LCDDATA36 S15C6 S14C6 S13C6 — S11C6 S10C6 S09C6 S08C6 624

LCDDATA37 S23C6 S22C6 — S20C6 S19C6 S18C6 — — 624

LCDDATA38 S31C6 S30C6 S29C6 S28C6 S27C6 S26C6 S25C6 S24C6 624

LCDDATA39 — — — — — S34C6 S33C6 S32C6 624

LCDDATA40 S47C6 S46C6 S45C6 S44C6 S43C6 S42C6 S41C6 S40C6 624

LCDDATA41 S07C7 S06C7 — S04C7 S03C7 S02C7 S01C7 S00C7 624

LCDDATA42 S15C7 S14C7 S13C7 — S11C7 S10C7 S09C7 S08C7 624

LCDDATA43 S23C7 S22C7 — S20C7 S19C7 S18C7 — — 624

LCDDATA44 S31C7 S30C7 S29C7 S28C7 S27C7 S26C7 S25C7 S24C7 624

LCDDATA45 — — — — — S34C7 S33C7 S32C7 624

LCDDATA46 S47C7 S46C7 S45C7 S44C7 S43C7 S42C7 S41C7 S40C7 624

LCDDATA47 S07C0 S06C0 — S04COM0 S03C0 S02C0 S01C0 S00C0 624

TABLE 35-10: SUMMARY OF REGISTERS ASSOCIATED WITH LCD MODULE (CONTINUED)

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Register 
on Page
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FIGURE 36-2: PICkit™ PROGRAMMER STYLE CONNECTOR INTERFACE

FIGURE 36-3: TYPICAL CONNECTION FOR ICSP™ PROGRAMMING

1
2
3
4
5
6

* The 6-pin header (0.100" spacing) accepts 0.025" square pins.

Pin Description*

1 = VPP/MCLR

2 = VDD Target

3 = VSS (ground)

4 = ICSPDAT

5 = ICSPCLK

6 = No Connect

Pin 1 Indicator

VDD

VPP

VSS

External
Device to be

Data

Clock

VDD

MCLR/VPP

VSS

ICSPDAT

ICSPCLK

* **

To Normal Connections

* Isolation devices (as required).

Programming 
Signals Programmed

VDD
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FIGURE 39-7: CLKOUT AND I/O TIMING     

TABLE 39-10:  I/O AND CLKOUT TIMING SPECIFICATIONS  
Standard Operating Conditions (unless otherwise stated)

Param. 
No. Sym. Characteristic Min. Typ† Max. Units Conditions

IO1* TCLKOUTH CLKOUT rising edge delay (rising 
edge Fosc (Q1 cycle) to falling edge 
CLKOUT

— — 70 ns

IO2* TCLKOUTL CLKOUT falling edge delay (rising 
edge Fosc (Q3 cycle) to rising edge 
CLKOUT

— — 72 ns

IO3* TIO_VALID Port output valid time (rising edge 
Fosc (Q1 cycle) to port valid)

— 50 70 ns

IO4* TIO_SETUP Port input setup time (Setup time 
before rising edge Fosc – Q2 cycle)

20 — — ns

IO5* TIO_HOLD Port input hold time (Hold time after 
rising edge Fosc – Q2 cycle)

50 — — ns

IO6* TIOR_SLREN Port I/O rise time, slew rate enabled — 25 — ns VDD = 3.0V

IO7* TIOR_SLRDIS Port I/O rise time, slew rate disabled — 5 — ns VDD = 3.0V

IO8* TIOF_SLREN Port I/O fall time, slew rate enabled — 25 — ns VDD = 3.0V

IO9* TIOF_SLRDIS Port I/O fall time, slew rate disabled — 5 — ns VDD = 3.0V

IO10* TINT INT pin high or low time to trigger an 
interrupt

25 — — ns

IO11* TIOC Interrupt-on-Change minimum high or 
low time to trigger interrupt

25 — — ns

*These parameters are characterized but not tested.

FOSC

CLKOUT

I/O pin
(Input)

I/O pin
(Output)

Q4 Q1 Q2 Q3

IO1

IO8, IO9

IO3

IO6, IO7, IO8, IO9

IO10

IO4

IO5

IO2

IO6, IO7

Old Value New Value

Write Fetch Read ExecuteCycle
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Note: For the most current package drawings, please see the Microchip Packaging Specification located at 

http://www.microchip.com/packaging
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