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PIC16(L)F1824/8

TABLE 1-3: PIC16(L)F1828 PINOUT DESCRIPTION

Name Function I_Ir_1yppuet o#;g:t Description
RAO/ANO/CPS0/C1IN+/VREF-/ RAO TTL | CMOS | General purpose /0.
DACOUT/ICSPDAT/ICDDAT ANO AN — | A/D Channel 0 input.

CPSO AN — Capacitive sensing input 0.
C1IN+ AN — Comparator C1 positive input.
VREF- AN — A/D and DAC Negative Voltage Reference input.
DACOUT — AN | Digital-to-Analog Converter output.
ICSPDAT ST CMOS | ICSP™ Data /0.
ICDDAT ST CMOS | In-Circuit Data /0.
RA1/AN1/CPS1/C12INO-/VREF+/ RA1 TTL | CMOS | General purpose I/O.
SRIICSPCLK/ICDCLK AN1 AN — | A/D Channel 1 input.
CPS1 AN — Capacitive sensing input 1.
C12INO- AN — Comparator C1 or C2 negative input.
VREF+ AN — A/D and DAC Positive Voltage Reference input.
SRI ST — SR latch input.
ICSPCLK ST — Serial Programming Clock.
ICDCLK ST — In-Circuit Debug Clock.
RA2/AN2/CPS2/TOCKI/INT/ RA2 ST CMOS | General purpose I/O.
C10UT/SRQ/CCP3/FLTO AN2 AN — | A/D Channel 2 input.
CPS2 AN — Capacitive sensing input 2.
TOCKI ST — TimerO clock input.
INT ST — External interrupt.
C10UT — CMOS | Comparator C1 output.
SRQ — CMOS | SR latch non-inverting output.
CCP3 ST CMOS | Capture/Compare/PWM3.
FLTO ST — ECCP Auto-Shutdown Fault input.
RA3/T1GW/VPP/MCLR RA3 TTL — | General purpose input.
T1G ST — Timer1 Gate input.
VPP HV — Programming voltage.
MCLR ST — Master Clear with internal pull-up.
RA4/AN3/CPS3/0SC2/ RA4 TTL | CMOS | General purpose /0.
C'-Kg%T /T10SO/CLKR/P2B™M) AN3 AN — | A/D Channel 3 input.
me CPS3 AN — Capacitive sensing input 3.
0OSC2 — CMOS | Comparator C2 output.
CLKOUT — CMOS | Fosc/4 output.
T10SO XTAL | XTAL | Timer1 oscillator connection.
CLKR — CMOS | Clock Reference output.
P2B — CMOS | PWM output.
T1G ST — Timer1 Gate input.
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 [2C™ = Schmitt Trigger input with 1’c
HV = High Voltage XTAL = Crystal levels

Note 1: Pin functions can be moved using the APFCONO and APFCONH1 registers (Register 12-1 and Register 12-2).
2: Default function location.
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PIC16(L)F1824/8

TABLE 3-9: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
; : ’ . . . . ) value on Value on all
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR other
Resets
Bank 3
180n | INDFO Addressing this location uses contents of FSROH/FSROL to address data memory XXXX XXXX | XXXX XXXX
(not a physical register)
181h® | INDF1 Addressing this location uses contents of FSR1H/FSR1L to address data memory XXXX XXXX [ XXXX XXXX
(not a physical register)
182n®  |PCL Program Counter (PC) Least Significant Byte 0000 0000 (0000 0000
183n(M  |sTATUS — [ =T = 70 PD z DC ¢ |---1 1000]---q quuu
184hM  |FSROL Indirect Data Memory Address O Low Pointer 0000 0000 [uuuu uuuu
185h) | FSROH Indirect Data Memory Address 0 High Pointer 0000 0000 (0000 0000
186h)  |FSRIL Indirect Data Memory Address 1 Low Pointer 0000 0000 [uuuu uuuu
187h®  |FSR1H Indirect Data Memory Address 1 High Pointer 0000 0000 (0000 0000
188hM  |BSR — — — BSR<4:0> ---0 0000 |---0 0000
189h®) |WREG Working Register 0000 0000 [uuuu uuuu
18Ah(M | PCLATH — Write Buffer for the upper 7 bits of the Program Counter - 000 0000 (-000 0000
18Bh(™ |INTCON GIE PEIE TMROIE INTE I0CIE TMROIF INTF IOCIF | 0000 000x 0000 000u
18Ch ANSELA — — — ANSA4 — ANSA2 ANSA1 ANSAO0 |---1 -111(---1 -111
18Dh  |ANSELB® — — ANSB5 ANSB4 — — — — --11 --e-|--11 -
18Eh  |ANSELC ANSC7® | ANSCE®? — — ANSC3 | ANSC2 | ANSC1 | ANSCO [11-- 1111|11-- 1111
18Fh — Unimplemented — —
190h — Unimplemented = —
191h EEADRL EEPROM/Program Memory Address Register Low Byte 0000 0000 {0000 0000
192h EEADRH @ EEPROM/Program Memory Address Register High Byte 1000 0000|1000 0000
193h EEDATL EEPROM / Program Memory Read Data Register Low Byte XXXX XXXX [uuuu uuuu
194h EEDATH — — EEPROM / Program Memory Read Data Register High Byte - - XX XXXX [--uu uuuu
195h EECON1 EEPGD CFGS LWLO FREE WRERR WREN WR RD 0000 x000 (0000 q000
196h EECON2 EEPROM control register 2 0000 0000|0000 0000
197h — Unimplemented = —
198h — Unimplemented = —
199h RCREG USART Receive Data Register 0000 0000 (0000 0000
19Ah TXREG USART Transmit Data Register 0000 0000|0000 0000
19Bh SPBRGL Baud Rate Generator Data Register Low 0000 0000 (0000 0000
19Ch SPBRGH Baud Rate Generator Data Register High 0000 0000 (0000 0000
19Dh RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D [0000 000x |[0000 000x
19Eh TXSTA CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D [0000 0010|0000 0010
19Fh BAUDCON ABDOVF RCIDL — SCKP BRG16 — WUE ABDEN |01-0 0-00|01-0 0-00
Legend: x =unknown, u = unchanged, g = value depends on condition, - = unimplemented, r = reserved.
Shaded locations are unimplemented, read as ‘0.

Note 1: These registers can be addressed from any bank.

2: PIC16(L)F1828 only.

3: PIC16(L)F1824 only.

4: Unimplemented, read as ‘1’.
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PIC16(L)F1824/8

54 Two-Speed Clock Start-up Mode

Two-Speed Start-up mode provides additional power
savings by minimizing the latency between external
oscillator start-up and code execution. In applications
that make heavy use of the Sleep mode, Two-Speed
Start-up will remove the external oscillator start-up
time from the time spent awake and can reduce the
overall power consumption of the device. This mode
allows the application to wake-up from Sleep, perform
a few instructions using the INTOSC internal oscillator
block as the clock source and go back to Sleep without
waiting for the external oscillator to become stable.

Two-Speed Start-up provides benefits when the
oscillator module is configured for LP, XT, or HS
modes. The Oscillator Start-up Timer (OST) is enabled
for these modes and must count 1024 oscillations
before the oscillator can be used as the system clock
source.

If the oscillator module is configured for any mode
other than LP, XT or HS mode, then Two-Speed
Start-up is disabled. This is because the external clock
oscillator does not require any stabilization time after
POR or an exit from Sleep.

If the OST count reaches 1024 before the device
enters Sleep mode, the OSTS bit of the OSCSTAT
register is set and program execution switches to the
external oscillator. However, the system may never
operate from the external oscillator if the time spent
awake is very short.

5.4.1 TWO-SPEED START-UP MODE
CONFIGURATION

Two-Speed Start-up mode is configured by the
following settings:

» |[ESO (of the Configuration Word 1) = 1,
Internal/External Switchover bit (Two-Speed
Start-up mode enabled).

» SCS (of the OSCCON register) = 00.

+ FOSC<2:0> bits in the Configuration Word 1
configured for LP, XT or HS mode.

Two-Speed Start-up mode is entered after:

+ Power-on Reset (POR) and, if enabled, after
Power-up Timer (PWRT) has expired, or

» Wake-up from Sleep.

Note:  When FSCM is enabled, Two-Speed
Start-up will automatically be enabled.

Note:  Executing a SLEEP instruction will abort
the oscillator start-up time and will cause
the OSTS bit of the OSCSTAT register to

remain clear.

TABLE 5-1: OSCILLATOR SWITCHING DELAYS

Switch From Switch To Frequency Oscillator Delay
LFINTOSC® 31 kHz

Sleep/POR MFINTOSC® 31.25 kHz-500 kHz Oscillator Warm-up Delay (TWARM)
HFINTOSC® 31.25 kHz-16 MHz

Sleep/POR EC, Rc® DC - 32 MHz 2 cycles

LFINTOSC EC, RCW DC - 32 MHz 1 cycle of each
Timer1 Oscillator

Sleep/POR LP, XT, HS® 32 kHz-20 MHz 1024 Clock Cycles (OST)

Any clock source

MFINTOSCW
HFINTOSCW

31.25 kHz-500 kHz
31.25 kHz-16 MHz

2 us (approx.)

Any clock source

LFINTOSC®

31 kHz

1 cycle of each

Any clock source

Timer1 Oscillator

32 kHz

1024 Clock Cycles (OST)

PLL inactive

PLL active

16-32 MHz

2 ms (approx.)

Note 1. PLL inactive.
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8.5.2 PIE1 REGISTER

The PIE1 register contains the interrupt enable bits, as Note:  Bit PEIE of the INTCON register must be
shown in Register 8-2. set to enable any peripheral interrupt.
REGISTER 8-2: PIE1l: PERIPHERAL INTERRUPT ENABLE REGISTER 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

TMR1GIE ADIE RCIE TXIE SSP1IE CCP1IE TMR2IE TMR1IE
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 TMRI1GIE: Timer1 Gate Interrupt Enable bit

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

1 = Enables the Timer1 Gate Acquisition interrupt
0 = Disables the Timer1 Gate Acquisition interrupt
ADIE: A/D Converter (ADC) Interrupt Enable bit

1 = Enables the ADC interrupt

0 = Disables the ADC interrupt

RCIE: USART Receive Interrupt Enable bit

1 = Enables the USART receive interrupt

0 = Disables the USART receive interrupt

TXIE: USART Transmit Interrupt Enable bit

1 = Enables the USART transmit interrupt

0 = Disables the USART transmit interrupt
SSP1IE: Synchronous Serial Port (MSSP) Interrupt Enable bit
1 = Enables the MSSP interrupt

0 = Disables the MSSP interrupt

CCPL1IE: CCP1 Interrupt Enable bit

1 = Enables the CCP1 interrupt

0 = Disables the CCP1 interrupt

TMR2IE: TMR2 to PR2 Match Interrupt Enable bit
1 = Enables the Timer2 to PR2 match interrupt

0 = Disables the Timer2 to PR2 match interrupt
TMR1IE: Timer1 Overflow Interrupt Enable bit

1 = Enables the Timer1 overflow interrupt
0 = Disables the Timer1 overflow interrupt
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8.5.7 PIR3 REGISTER

The PIRS3 register contains the interrupt flag bits, as Note 1: Interrupt flag bits are set when an inter-
shown in Register 8-7. rupt condition occurs, regardless of the
state of its corresponding enable bit or
the Global Interrupt Enable bit, GIE, of
the INTCON register. User software
should ensure the appropriate interrupt
flag bits are clear prior to enabling an
interrupt.

REGISTER 8-7: PIR3: PERIPHERAL INTERRUPT REQUEST REGISTER 3

uU-0 u-0 R/W-0/0 R/W-0/0 R/W-0/0 uU-0 R/W-0/0 uU-0
— — CCP4IF | CCP3IF | TMR6IF |  — TMR4IF —
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 Unimplemented: Read as ‘0’
bit 5 CCPA4IF: CCP4 Interrupt Flag bit

1 = Interrupt is pending
0 = Interrupt is not pending
bit 4 CCP3IF: CCP3 Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending
bit 3 TMRG6IF: TMRG6 to PR6 Match Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending
bit 2 Unimplemented: Read as ‘0’
bit 1 TMR4IF: TMR4 to PR4 Match Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending
bit 0 Unimplemented: Read as ‘0’
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EXAMPLE 11-5:  WRITING TO FLASH PROGRAM MEMORY

; This wite routine assunes the follow ng:

;1. The 16 bytes of data are |oaded, starting at the address in DATA ADDR

; 2. Each word of data to be witten is nade up of two adjacent bytes in DATA_ADDR,

; stored in little endian format

; 3. Avalid starting address (the least significant bits = 000) is |oaded in ADDRH: ADDRL
; 4. ADDRH and ADDRL are |ocated in shared data nmenory 0x70 - OXx7F

BCF I NTCON, G E ; Disable ints so required sequences W |l execute properly
BANKSEL EEADRH ; Bank 3
MOVF ADDRH, W ; Load initial address
MOVWF EEADRH ;
MOVF ADDRL, W ;
MOVWF EEADRL ;
MOVLW LOW DATA ADDR ; Load initial data address
MOVWF FSROL ;
MOVLW H GH DATA_ADDR ; Load initial data address
MOVWF FSROH ;
BSF EECON1, EEPGD ; Point to program menory
BCF EECON1, CFGS ; Not configuration space
BSF EECON1, VREN ; Enable wites
BSF EECON1, LW.O ; Only Load Wite Latches
LooP
MOVI W FSRO++ ; Load first data byte into | ower
MOVWF EEDATL ;
MOVI W FSRO++ ; Load second data byte into upper
MOVWF EEDATH ;
MOVF EEADRL, W ; Check if lower bits of address are '000'
XORLW 0x07 ; Check if we're on the |last of 8 addresses
ANDLW 0x07 ;
BTFSC STATUS, Z ; Exit if last of eight words,
GOTO START_WRI TE ;
MOVLW 55h ; Start of required wite sequence:
MOVWF EECON2 ; Wite 55h
-3 MOVLW 0AAh ;
QL S MOVWF EECON2 ; Wite AAh
&3 BSF EECONL, WR ; Set WR bit to begin wite
§$ NOP ; Any instructions here are ignored as processor
; halts to begin wite sequence
NOP ; Processor will stop here and wait for wite to conplete.
; After wite processor continues with 3rd instruction.
I NCF EEADRL, F ; Still loading |atches Increment address
GOoro LOOP ; Wite next latches
START_WRI TE
BCF EECONL, LW.O ; No nore loading |atches - Actually start Flash program
; Menory wite
MOVLW 55h ; Start of required wite sequence:
MOVWF EECON2 ; Wite 55h
8§ MOVLW 0AAh ;
5 g MOVWF EECON2 ; Wite AAh
g5 BSF EECON1, WR ; Set WR bit to begin wite
o NOP ; Any instructions here are ignored as processor
; halts to begin wite sequence
NOP ; Processor will stop here and wait for wite conplete.

; after wite processor continues with 3rd instruction
BCF EECON1, VREN ; Disable wites
BSF I NTCON, G E ; Enable interrupts

DS40001419F-page 110 © 2010-2015 Microchip Technology Inc.



PIC16(L)F1824/8

REGISTER 11-1:

EEDATL: EEPROM DATA REGISTER

u = Bit is unchanged
‘1’ = Bit is set

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
EEDAT<7:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

X = Bit is unknown
‘0’ = Bit is cleared

-n/n = Value at POR and BOR/Value at all other Resets

bit 7-0
REGISTER 11-2:

EEDAT<7:0>: Read/write value for EEPROM data byte or Least Significant bits of program memory

EEDATH: EEPROM DATA HIGH BYTE REGISTER

u = Bit is unchanged

uU-0 U-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
— | — EEDAT<13:8>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

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 Unimplemented: Read as ‘0’
bit 5-0 EEDAT<13:8>: Read/write value for Most Significant bits of program memory

REGISTER 11-3:

EEADRL: EEPROM ADDRESS REGISTER

u = Bit is unchanged
‘1’ = Bitis set

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
EEADR<7:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

x = Bit is unknown

‘0’ = Bit is cleared

-n/n = Value at POR and BOR/Value at all other Resets

bit 7-0

REGISTER 11-4:

EEADR<7:0>: Specifies the Least Significant bits for program memory address or EEPROM address

EEADRH: EEPROM ADDRESS HIGH BYTE REGISTER

u = Bit is unchanged

U-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
) | EEADR<14:8>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

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 Unimplemented: Read as ‘1’

bit 6-0 EEADR<14:8>: Specifies the Most Significant bits for program memory address or EEPROM address
Note 1: Unimplemented, read as ‘1.

© 2010-2015 Microchip Technology Inc.
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TABLE 12-1: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | Register
on Page
ANSELA — — — ANSA4 — ANSA2 ANSA1 ANSAO0 122
APFCONO® RXDTSEL | SDOSEL SSSEL — T1GSEL | TXCKSEL — — 117
APFCON1 — — — — P1DSEL P1CSEL P2BSEL | CCP2SEL 118
INLVLA — — INLVLAS | INLVLA4 | INLVLA3 INLVLA2 | INLVLA1 INLVLAO 123
LATA — — LATAS LATA4 — LATA2 LATA1 LATAO 122
OPTION_REG | WPUEN INTEDG | TMROCS | TMROSE PSA PS<2:0> 176
PORTA — — RA5 RA4 RA3 RA2 RA1 RAO 121
TRISA — — TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISAO 121
WPUA — — WPUAS WPUA4 WPUA3 WPUA2 WPUA1 WPUAO 123
Legend: x =unknown, u = unchanged, — = unimplemented locations, read as ‘0’. Shaded cells are not used by PORTA.
Note 1: Unshaded cells apply to PIC16(L)F1824 only.
TABLE 12-2: SUMMARY OF CONFIGURATION WORD WITH PORTA
Name |Bits| Bit-7 | Bit-/6 | Bit13/5 | Bit12/4 | Bit1/3 | Bit10/2 | Bito/L | Bitslo | ~cdister
on Page
13:8 — — FCMEN IESO CLKOUTEN BOREN<1:0> CPD
CONFIG1 — —— 48
7:0 CP MCLRE PWRTE WDTE<1:0> FOSC<2:0>
Legend: — =unimplemented location, read as ‘0’. Shaded cells are not used by PORTA.
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REGISTER 12-15: PORTC: PORTC 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
Rc7® rRce® RC5 RC4 RC3 RC2 RC1 RCO
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 RC<7:0>: PORTC General Purpose /O Pin bits®

1 = Port pin is > VIH
0 = Port pin is < VIL

Note 1. RC<7:6> available on PIC16(L)F1828 only. Otherwise, they are unimplemented and read as ‘0.

REGISTER 12-16: TRISC: PORTC TRI-STATE 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
TRISC7T® | TRISCEW TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISCO
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 TRISC<7:0>: PORTC Tri-State Control bits(?)

1 = PORTC pin configured as an input (tri-stated)
0 = PORTC pin configured as an output

Note 1: TRISC<7:6> available on PIC16(L)F1828 only. Otherwise, they are unimplemented and read as ‘0’.

REGISTER 12-17: 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(D LATC5 LATC4 LATC3 LATC2 LATC1 LATCO
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( 2

Note 1. Writes to PORTC are actually written to corresponding LATC register. Reads from PORTC register is
return of actual I/O pin values.

2: LATC<7:6> available on PIC16(L)F1828 only. Otherwise, they are unimplemented and read as ‘0’.
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REGISTER 14-1: FVRCON: FIXED VOLTAGE REFERENCE CONTROL REGISTER

R/W-0/0 R-a/q R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
FVREN FVRRDY) TSEN TSRNG CDAFVR<1:0> ADFVR<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’ = Bitis cleared q = Value depends on condition
bit 7 FVREN: Fixed Voltage Reference Enable bit

0 = Fixed Voltage Reference is disabled
1 = Fixed Voltage Reference is enabled
bit 6 FVRRDY: Fixed Voltage Reference Ready Flag bit()
0 = Fixed Voltage Reference output is not ready or not enabled
1 = Fixed Voltage Reference output is ready for use
bit 5 TSEN: Temperature Indicator Enable bit®
0 = Temperature Indicator is disabled
1 = Temperature Indicator is enabled
bit 4 TSRNG: Temperature Indicator Range Selection bit(3)
0 = VouTt = VDD - 2VT (Low Range)
1 = VouT = VDD - 4VT (High Range)
bit 3-2 CDAFVR<1:0>: Comparator and DAC Fixed Voltage Reference Selection bits
00 = Comparator and DAC Fixed Voltage Reference Peripheral output is off.
01 = Comparator and DAC Fixed Voltage Reference Peripheral output is 1x (1.024V)
10 = Comparator and DAC Fixed Voltage Reference Peripheral output is 2x (2.048V)@
11 = Comparator and DAC Fixed Voltage Reference Peripheral output is 4x (4.096V)(2)
bit 1-0 ADFVR<1:0>: ADC Fixed Voltage Reference Selection bits
00 = ADC Fixed Voltage Reference Peripheral output is off.
01 = ADC Fixed Voltage Reference Peripheral output is 1x (1.024V)
10 = ADC Fixed Voltage Reference Peripheral output is 2x (2.048V)@
11 = ADC Fixed Voltage Reference Peripheral output is 4x (4.096V)®@

Note 1. FVRRDY is always ‘1’ on devices with the LDO (PIC16F1824/8).
2. Fixed Voltage Reference output cannot exceed VDD.
3: See Section 15.0 “Temperature Indicator Module” for additional information.

TABLE 14-1: SUMMARY OF REGISTERS ASSOCIATED WITH THE FIXED VOLTAGE REFERENCE

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 CDAFVR<1:0> ADFVR<1:0> 141

Legend: Shaded cells are unused by the Fixed Voltage Reference module.
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REGISTER 19-2: CMxCON1: COMPARATOR CX CONTROL REGISTER 1

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 u-0 uU-0 R/W-0/0 R/W-0/0
CxINTP CxINTN CxPCH<1:0> — — CxNCH<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’ = Bitis set ‘0’ = Bit is cleared
bit 7 CxINTP: Comparator Interrupt on Positive Going Edge Enable bits

1 = The CxIF interrupt flag will be set upon a positive going edge of the CxOUT bit
0 = No interrupt flag will be set on a positive going edge of the CxOUT bit

bit 6 CxINTN: Comparator Interrupt on Negative Going Edge Enable bits
1 = The CxIF interrupt flag will be set upon a negative going edge of the CxOUT bit
0 = No interrupt flag will be set on a negative going edge of the CxOUT bit

bit 5-4 CxPCH<1:0>: Comparator Positive Input Channel Select bits

00 = CxVP connects to CxIN+ pin

01 = CxVP connects to DAC Voltage Reference
10 = CxVP connects to FVR Voltage Reference
11 = CxVP connects to Vss

bit 3-2 Unimplemented: Read as ‘0’
bit 1-0 CxNCH<1:0>: Comparator Negative Input Channel Select bits

00 = CxVN connects to C12INO- pin
01 = CxVN connects to C12IN1- pin
10 = CxVN connects to C12IN2- pin
11 = CxVN connects to C12IN3- pin

REGISTER 19-3: CMOUT: COMPARATOR OUTPUT REGISTER

uU-0 uU-0 uU-0 uU-0 u-0 uU-0 R-0/0 R-0/0

— - — — — — MC20UT MC10UT
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’ = Bitis set ‘0’ = Bit is cleared
bit 7-2 Unimplemented: Read as ‘0’
bit 1 MC20UT: Mirror Copy of C20UT bit
bit 0 MC1OUT: Mirror Copy of C10UT bit
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20.0 TIMERO MODULE

The Timer0 module is an 8-bit timer/counter with the
following features:

 8-bit timer/counter register (TMRO)

» 8-bit prescaler (independent of Watchdog Timer)

* Programmable internal or external clock source

* Programmable external clock edge selection

* Interrupt on overflow

* TMRO can be used to gate Timer1

Figure 20-1 is a block diagram of the Timer0 module.

20.1

The TimerO module can be used as either an 8-bit timer
or an 8-bit counter.

Timer0 Operation

20.1.1 8-BIT TIMER MODE

The Timer0 module will increment every instruction
cycle, if used without a prescaler. 8-bit Timer mode is
selected by clearing the TMROCS bit of the
OPTION_REG register.

When TMRO is written, the increment is inhibited for
two instruction cycles immediately following the write.

20.1.2 8-BIT COUNTER MODE

In 8-Bit Counter mode, the Timer0 module will increment
on every rising or falling edge of the TOCKI pin or the
Capacitive Sensing Oscillator (CPSCLK) signal.

8-Bit Counter mode using the TOCKI pin is selected by
setting the TMROCS bit in the OPTION_REG register to
‘1’ and resetting the TOXCS bit in the CPSCONQO register
to ‘0.

8-Bit Counter mode using the Capacitive Sensing
Oscillator (CPSCLK) signal is selected by setting the
TMROCS bit in the OPTION_REG register to ‘1’ and
setting the TOXCS bit in the CPSCONO register to ‘1’.

The rising or falling transition of the incrementing edge
for either input source is determined by the TMROSE bit
in the OPTION_REG register.

Note:  The value written to the TMRO register
can be adjusted, in order to account for
the two instruction cycle delay when
TMRO is written.

FIGURE 20-1: BLOCK DIAGRAM OF THE TIMERO
Fosc/4
Data Bus
0 8
TOCKI 1  J
Sync _
0
TMROSE  TMROCS -~ 8-bit Set (F)lnago \t/)'lat r'ﬂrg/IWROIF
Prescaler PSA

—n

PS<2:0>

Overflow to Timer1
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FIGURE 23-4: CARRIER LOW SYNCHRONIZATION (MDSHSYNC =0, MDCLSYNC = 1)
Carter HGNCARK) ) ) | L L L
carertow(caR) [ 1 LML U LML L L L L L
Modulator (MOD) 1 | |
MDCHSYNC =0 [ : ! 1
MDCLSYNC = 1 . : [ : .
Active Carrier CARH y CARL /\ CARH \( CARL
FIGURE 23-5: FULL SYNCHRONIZATION (MDSHSYNC =1, MDCLSYNC =1)
Comerten©ARW) - 1 L L L L L L
Gartertow(AR) [ [ LML LALLM L L L L L
Modulator (MOD) Fallng edges | .. R | L
used to sync - | : : .
MDCHSYNC =1 2 ! I
VDCHSYNG =1 [ T X - L L I_I_L
Active Carrier CARH \/ CARL\ [ CARH \/CARL
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24421 Direction Change in Full-Bridge
Mode

In the Full-Bridge mode, the PxM1 bit in the CCPxCON
register allows users to control the forward/reverse
direction. When the application firmware changes this
direction control bit, the module will change to the new
direction on the next PWM cycle.

A direction change is initiated in software by changing
the PxM1 bit of the CCPxCON register. The following
sequence occurs four Timer cycles prior to the end of
the current PWM period:

* The modulated outputs (PxB and PxD) are placed
in their inactive state.

» The associated unmodulated outputs (PxA and
PxC) are switched to drive in the opposite
direction.

* PWM modulation resumes at the beginning of the
next period.

See Figure 24-12 for an illustration of this sequence.

FIGURE 24-12:

The Full-Bridge mode does not provide dead-band
delay. As one output is modulated at a time, dead-band
delay is generally not required. There is a situation
where dead-band delay is required. This situation
occurs when both of the following conditions are true:

1. The direction of the PWM output changes when
the duty cycle of the output is at or near 100%.

2. The turn off time of the power switch, including
the power device and driver circuit, is greater
than the turn on time.

Figure 24-13 shows an example of the PWM direction
changing from forward to reverse, at a near 100% duty
cycle. In this example, at time t1, the output PxA and
PxD become inactive, while output PxC becomes
active. Since the turn off time of the power devices is
longer than the turn on time, a shoot-through current
will flow through power devices QC and QD (see
Figure 24-10) for the duration of ‘t. The same
phenomenon will occur to power devices QA and QB
for PWM direction change from reverse to forward.

If changing PWM direction at high duty cycle is required

for an application, two possible solutions for eliminating

the shoot-through current are:

1. Reduce PWM duty cycle for one PWM period
before changing directions.

2. Use switch drivers that can drive the switches off
faster than they can drive them on.

Other options to prevent shoot-through current may
exist.

EXAMPLE OF PWM DIRECTION CHANGE

Signal <«——  Period®

> < Period ——————»

PxA (Active-High)

[ outee Wit |

PxB (Active-High) |

PxC (Active-High)

« Pulse Width |
P,

PxD (Active-High)

- (@

Pulse Width

Note 1: The direction bit PxM1 of the CCPxCON register is written any time during the PWM cycle.

2:  When changing directions, the PxA and PxC signals switch before the end of the current PWM cycle. The
modulated PxB and PxD signals are inactive at this time. The length of this time is four Timer counts.
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FIGURE 25-4: SPI MASTER AND MULTIPLE SLAVE CONNECTION
SCK K
SPI Master > SC
SDO | SDI SPI Slave
SDI |- SDO #1
General I/0 | SS
General I/0O
General I/O +—{SCK
- SDI SPI Slave
~t SDO #2
B SS
—» SCK
—= SDI SPI Slave
4——SDO #3
B SS

25.2.1 SPI MODE REGISTERS

The MSSP1 module has five registers for SPI mode
operation. These are:

* MSSP1 STATUS Register (SSP1STAT)

* MSSP1 Control Register 1 (SSP1CON1)
* MSSP1 Control Register 3 (SSP1CON3)
* MSSP1 Data Buffer Register (SSP1BUF)
* MSSP1 Address Register (SSP1ADD)

* MSSP1 Shift Register (SSP1SR)
(Not directly accessible)

SSP1CON1 and SSP1STAT are the control and
STATUS registers in SPlI mode operation. The
SSP1CON1 register is readable and writable. The
lower six bits of the SSP1STAT are read-only. The
upper two bits of the SSP1STAT are read/write.

In SPI master mode, SSP1ADD can be loaded with a
value used in the Baud Rate Generator. More informa-
tion on the Baud Rate Generator is available in
Section 25.7 “Baud Rate Generator”.

SSP1SR is the shift register used for shifting data in
and out. SSP1BUF provides indirect access to the
SSP1SR register. SSP1BUF is the buffer register to
which data bytes are written, and from which data
bytes are read.

In receive operations, SSP1SR and SSP1BUF
together create a buffered receiver. When SSP1SR
receives a complete byte, it is transferred to SSP1BUF
and the SSP1IF interrupt is set.

During transmission, the SSP1BUF is not buffered. A
write to SSP1BUF will write to both SSP1BUF and
SSP1SR.
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26.1.2.8 Asynchronous Reception Setup:

1. Initialize the SPBRGH, SPBRGL register pair
and the BRGH and BRG16 bits to achieve the

26.1.2.9 9-bit Address Detection Mode Setup

This mode would typically be used in RS-485 systems.
To set up an Asynchronous Reception with Address

desired baud rate (see Section 26.3 “EUSART
Baud Rate Generator (BRG)").

Detect Enable:

. . . 1. Initialize the SPBRGH, SPBRGL register pair
2. Clear the ANSEL bit for the RX pin (if applicable). and the BRGH and BRG16 bits to achieve the
3. Enable the serial port by setting the SPEN bit. desired baud rate (see Section 26.3 “EUSART
The SYNC bit must be clear for asynchronous Baud Rate Generator (BRG)").
operation. 2. Clear the ANSEL bit for the RX pin (if applicable).
4. If interrupts are desired, set the RCIE bit of the 3. Enable the serial port by setting the SPEN bit.
PIE1 register and the GIE and PEIE bits of the The SYNC bit must be clear for asynchronous
INTCON register. operation.
5. If 9-bit reception is desired, set the RX9 bit. 4. If interrupts are desired, set the RCIE bit of the
6. Enable reception by setting the CREN bit. PIE1 register and the GIE and PEIE bits of the
7. The RCIF interrupt flag bit will be set when a INTCON register.
character is transferred from the RSR to the 5. Enable 9-bit reception by setting the RX9 bit.
receive buffer. An interrupt will be generated if 6. Enable address detection by setting the ADDEN
the RCIE interrupt enable bit was also set. bit.
8. Read the RCSTA register to get the error flags 7. Enable reception by setting the CREN bit.
and, |f_9-b|t data reception is enabled, the ninth 8. The RCIF interrupt flag bit will be set when a
data bit. character with the ninth bit set is transferred
9. Get the received e|ght Least Signiﬂcant data bits from the RSR to the receive buffer. An interrupt
from the receive buffer by reading the RCREG will be generated if the RCIE interrupt enable bit
register. was also set.
10. If an overrun occurred, clear the OERR flag by 9. Read the RCSTA register to get the error flags.
clearing the CREN receiver enable bit. The ninth data bit will always be set.

10. Get the received eight Least Significant data bits
from the receive buffer by reading the RCREG
register. Software determines if this is the
device’s address.

11. If an overrun occurred, clear the OERR flag by
clearing the CREN receiver enable bit.

12. If the device has been addressed, clear the
ADDEN bit to allow all received data into the
receive buffer and generate interrupts.

FIGURE 26-5: ASYNCHRONOUS RECEPTION
. Start . . Start — . Start :
RX/DT pin \bit7ie/ sé%p\ bit_bit0 Y_§ §Yoit 778 slt)%p\ bit_) (Xoit 7/8: stop
Rev Shift !
M f—1] 35—
Rcv Buffer Reg. :T Word 1 Word 2 T [
| RCREG RCREG .
et T (( 1 L
) ) ' .
Read R X .
Bﬁger R’cgg. S S 5 S S S : [T
RCREG )
(( ((
RCIF ((
(Interrupt Flag) )) I ) ))
i (( (( ((
OERR bit Y § 5§ ) [
CREN (( (( (( 3
)) )) )) e
Note: This timing diagram shows three words appearing on the RX input. The RCREG (receive buffer) is read after the third word,
causing the OERR (overrun) bit to be set.
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30.5

Memory Programming Requirements

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
-40°C < TA< +125°C

Operating temperature

Param

NoO Sym. Characteristic Min. Typt Max. Units Conditions
Program Memory High Voltage
Programming Specifications
D110 |VIHH | Voltage on MCLR/VPP/RA5 pin 8.0 — 9.0 V | (Note 3, 4)
D111 IDDVPP | Programming/Erase Current on VPP, — — 10 mA
High Voltage Programming
D112 VBE VDD for Bulk Erase 2.7 — VDDMAX \Y
D113 VPEW | VDD for Write or Row Erase VDDMIN — VDDMAX \Y
D114 IPPPGM | Programming/Erase Current on VPP, — 1.0 — mA
Low Voltage Programming
D115 IDDPGM | Programming/Erase Current on VDD, — 5.0 — mA
High or Low Voltage
Programming
Data EEPROM Memory
D116 ED Byte Endurance 100K — — E/W |-40°C to +85°C
D117 VDRW | VDD for Read/Write VDDMIN — VDDMAX \Y
D118 TDEW | Erase/Write Cycle Time — 4.0 5.0 ms
D119 TRETD | Characteristic Retention — 40 — Year |Provided no other
specifications are violated
D120 TREF Number of Total Erase/Write Cycles ™ 10M — E/W |-40°C to +85°C
before Refresh(®
Program Flash Memory
D121 ErP Cell Endurance 10K — — E/W |-40°C to +85°C (Note 1)
D122 VPRW | VDD for Read/Write VDDMIN — VDDMAX \Y
D123 Tiw Self-timed Write Cycle Time — 2 2.5 ms
D124 TRETD | Characteristic Retention — 40 — Year | Provided no other
specifications are violated
1 Datain “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: Referto Section 11.2 “Using the Data EEPROM” for a more detailed discussion on data EEPROM endurance.
3:  Required only if single-supply programming is disabled.
4:  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.

© 2010-2015 Microchip Technology Inc.
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TABLE 30-6: TIMERO AND TIMER1 EXTERNAL CLOCK REQUIREMENTS

Standard Operating Conditions (unless otherwise stated)
Operating Temperature -40°C < TA <+125°C

Pilrgm Sym. Characteristic Min. Typt Max. | Units Conditions
40* TTOH TOCKI High Pulse Width No Prescaler | 0.5 Tcy + 20 — — ns
With Prescaler 10 — — ns
41 TT0L TOCKI Low Pulse Width No Prescaler 0.5Tcy + 20 — — ns
With Prescaler 10 — — ns
42* TTOP TOCKI Period Greater of: — — ns |N = prescale value
20 or Tey + 40 (2, 4, ..., 256)
N
45* TT1H T1CKI High |Synchronous, No Prescaler 0.5Tcy + 20 — — ns
Time Synchronous, 15 — — ns
with Prescaler
Asynchronous 30 — — ns
46* TT1L T1CKI Low |Synchronous, No Prescaler 0.5Tcy + 20 — — ns
Time Synchronous, with Prescaler 15 — — ns
Asynchronous 30 — — ns
47* TT1P T1CKI Input | Synchronous Greater of: — — ns |N = prescale value
Period 30 or Tey + 40 (1,2, 4,8)
N
Asynchronous 60 — — ns
48 FT1 Timer1 Oscillator Input Frequency Range 324 32.768| 33.1 kHz
(oscillator enabled by setting bit TTOSCEN)
49* TCKEZTMR1 | Delay from External Clock Edge to Timer 2 Tosc — 7 Tosc — |Timers in Sync
Increment mode

*  These parameters are characterized but not tested.
1 Datain “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.

FIGURE 30-11: CAPTURE/COMPARE/PWM TIMINGS (CCP)

CCP
(Capture mode)

Note: Refer to Figure 30.5 for load conditions.

TABLE 30-7: CAPTURE/COMPARE/PWM REQUIREMENTS (CCP)

Standard Operating Conditions (unless otherwise stated)
Operating Temperature -40°C < TA < +125°C

Pilroam Sym. Characteristic Min. Typt | Max. | Units Conditions
CCO01* |TccL [CCP Input Low Time No Prescaler | 0.5Tcy+20 | — — ns
With Prescaler 20 — — ns
CC02* [TccH |CCP Input High Time No Prescaler | 0.5Tcy+20 | — — ns
With Prescaler 20 — — ns
CCO03* [TccP |[CCP Input Period 3Tcy + 40 — — ns |N = prescale value
N

*  These parameters are characterized but not tested.
1 Datain “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.
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FIGURE 31-13: IbD, MFINTOSC MODE (Fosc = 500 kHz), PIC16LF1824/8 ONLY
160 ‘
. o Max.
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2 130 ——— ///
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a / /
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110
100
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FIGURE 31-14: IDD, MFINTOSC MODE (Fosc = 500 kHz), PIC16F1824/8 ONLY
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FIGURE 31-15: IDb TYPICAL, HFINTOSC MODE, PIC16LF1824/8 ONLY
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FIGURE 31-16: IDb MAXIMUM, HFINTOSC MODE, PIC16LF1824/8 ONLY
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