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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Active

PIC

8-Bit

32MHz

LINbus, UART/USART
Brown-out Detect/Reset, POR, PWM, WDT
12

7KB (4K x 14)

FLASH

512 x 8

1.8V ~ 3.6V

A/D 12x10b; D/A 1x5b
Internal

-40°C ~ 125°C (TA)
Surface Mount
20-UFQFN Exposed Pad
20-UQFN (4x4)
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PIC16(L)F1574/5/8/9

TABLE 2:

PACKAGES

Packages

PDIP

SoIC

TSSOP

SSOP

UQFN

PIC16(L)F1574

PIC16(L)F1575

)
PIC16(L)F1578
PIC16(L)F1579

| Note:

Pin details are subject to change.
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PIC16(L)F1574/5/8/9

TABLE 1-3: PIC16(L)F1578/9 PINOUT DESCRIPTION (CONTINUED)

Name Function I-:_1yppu‘: o.;;,t g:t Description
RC1/AN5/C1IN1-/C2IN1- RC1 TTL/ST | CMOS/OD | General purpose input with IOC and WPU.
AN5S AN — ADC Channel input.
C1IN1- AN — Comparator negative input.
C2IN1- AN — Comparator negative input.
RC2/AN6/C1IN2-/C2IN2- RC2 TTL/ST | CMOS/OD | General purpose input with IOC and WPU.
ANG6 AN — ADC Channel input.
C1IN2- AN — Comparator negative input.
C2IN2- AN — Comparator negative input.
RC3/AN7/C1IN3-/C2IN3- RC3 TTL/ST | CMOS/OD | General purpose input with IOC and WPU.
AN7 AN — ADC Channel input.
C1IN3- AN — Comparator negative input.
C2IN3- AN — Comparator negative input.
RC4/ADCACT(M RC4 TTL/ST | CMOS/OD | General purpose input with IOC and WPU.
ADCACT | TTL/ST — ADC Auto-conversion Trigger input.
RC5 RC5 TTL/ST | CMOS/OD | General purpose input with IOC and WPU.
ouTt@ c10uT — CMOS | Comparator output.
C20UT — CMOS Comparator output.
PWM10UT — CMOS PWM1 output.
PWM20OUT — CMOS PWM2 output.
PWM3OUT — CMOS PWM3 output.
PWM40UT — CMOS PWM4 output.
CWG1A — CMOS Complementary Output Generator Output A.
CWG1B — CMOS Complementary Output Generator Output B.
TX/CK — CMOS USART asynchronous TX data/synchronous clock output.
DT® — CMOS USART synchronous data output.
VDD VDD Power — Positive supply.
Vss Vss Power — Ground reference.
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 l’C = Schmitt Trigger input with 1’c
HV = High Voltage XTAL = Crystal levels

Note 1: Default peripheral input. Input can be moved to any other pin with the PPS input selection registers.

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

3:  These USART functions are bidirectional. The output pin selections must be the same as the input pin selections.
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TABLE 3-6: PIC16(L)F1579 MEMORY MAP, BANKS 0-7
BANKO BANK1 BANK2 BANK3 BANK4 BANK5 BANKG6 BANK7
000h 080h 100h 180h 200h 280h 300h 380h
Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers
(Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2)
00Bh 08Bh 10Bh 18Bh 20Bh 28Bh 30Bh 38Bh
00Ch PORTA 08Ch TRISA 10Ch LATA 18Ch ANSELA 20Ch WPUA 28Ch ODCONA 30Ch SLRCONA 38Ch INLVLA
00Dh PORTB 08Dh TRISB 10Dh LATB 18Dh ANSELB 20Dh WPUB 28Dh ODCONB 30Dh SLRCONB 38Dh INLVLB
00Eh PORTC 08Eh TRISC 10Eh LATC 18Eh ANSELC 20Eh WPUC 28Eh ODCONC 30Eh SLRCONC 38Eh INLVLC
00Fh — 08Fh — 10Fh — 18Fh — 20Fh — 28Fh — 30Fh — 38Fh —
010h — 090h — 110h — 190h — 210h — 290h — 310h — 390h —
011h PIR1 091h PIE1 111h CM1CONO 191h PMADRL 211h — 291h — 311h — 391h I0CAP
012h PIR2 092h PIE2 112h CM1CON1 192h PMADRH 212h — 292h — 312h — 392h I0OCAN
013h PIR3 093h PIE3 113h CM2CONO 193h PMDATL 213h — 293h — 313h — 393h IOCAF
014h — 094h — 114h CM2CON1 194h PMDATH 214h — 294h — 314h — 394h 10CBP
015h TMRO 095h | OPTION_REG | 115h CMOUT 195h PMCON1 215h — 295h — 315h — 395h I0CBN
016h TMR1L 096h PCON 116h BORCON 196h PMCON2 216h — 296h — 316h — 396h IOCBF
017h TMR1H 097h WDTCON 117h FVRCON 197h| VREGCON() | 217h — 297h — 317h — 397h 10CCP
018h T1CON 098h OSCTUNE 118h DACCONO 198h — 218h — 298h — 318h — 398h IOCCN
019h T1GCON 09%h OSCCON 119h DACCON1 19%h RCREG 21%h — 29%h — 319h — 399h I0CCF
01Ah TMR2 09Ah OSCSTAT 11Ah — 19Ah TXREG 21Ah — 29Ah — 31Ah — 39Ah —
01Bh PR2 09Bh ADRESL 11Bh — 19Bh SPBRGL 21Bh — 29Bh — 31Bh — 39Bh —
01Ch T2CON 09Ch ADRESH 11Ch — 19Ch SPBRGH 21Ch — 29Ch — 31Ch — 39Ch —
01Dh — 09Dh ADCONO 11Dh — 19Dh RCSTA 21Dh — 29Dh — 31Dh — 39Dh —
01Eh — 09Eh ADCON1 11Eh — 19Eh TXSTA 21Eh — 29Eh — 31Eh — 39Eh —
01Fh — 09Fh ADCON2 11Fh — 19Fh BAUDCON 21Fh — 29Fh — 31Fh — 39Fh —
020h 0AOh 120h 1A0h 220h 2A0h 320h 3A0h
General General General General General General General General
Purpose Purpose Purpose Purpose Purpose Purpose Purpose Purpose
Register Register Register Register Register Register Register Register
80 Bytes 80 Bytes 80 Bytes 80 Bytes 80 Bytes 80 Bytes 80 Bytes 80 Bytes
06Fh OEFh 16Fh 1EFh 26Fh 2EFh 36Fh 3EFh
070h OFOh 170h 1FOh 270h 2FOh 370h 3F0h
Common RAM Accesses Accesses Accesses Accesses Accesses Accesses Accesses
70h - 7Fh 70h - 7Fh 70h - 7Fh 70h - 7Fh 70h - 7Fh 70h - 7Fh 70h - 7Fh
07Fh OFFh 17Fh 1FFh 27Fh 2FFh 37Fh 3FFh
Legend: = Unimplemented data memory locations, read as ‘0.
Note 1: Unimplemented on PIC16LF1579.
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TABLE 3-11: PIC16(L)F1574/5/8/9 MEMORY
MAP, BANK 27
Bank 27
D8Ch —
D8Dh —
D8Eh PWMEN
D8Fh PWMLD
D90h PWMOUT
D91h PWM1PHL
D92h PWM1PHH
D93h PWM1DCL
D94h PWM1DCH
D95h PWMTPRL
D96h PWM1PRH
D97h PWM1OFL
D98h PWM10FH
D9%h PWM1TMRL
D9Ah PWM1TMRH
D9Bh PWM1CON
D9Ch PWMTINTE
D9Dh PWM1INTF
D9Eh PWM1CLKCON
D9Fh PWM1LDCON
DAOh PWM10OFCON
DA1h PWM2PHL
DA2h PWM2PHH
DA3h PWM2DCL
DA4h PWM2DCH
DA5h PWM2PRL
DA6h PWM2PRH
DA7h PWM2OFL
DA8h PWM20OFH
DA%Sh PWM2TMRL
DAAh PWM2TMRH
DABh PWM2CON
DACh PWM2INTE
DADh PWM2INTF
DAEh PWM2CLKCON
DAFh PWM2LDCON
DBOh PWM20OFCON
DB1h PWM3PHL
DB2h PWM3PHH
DB3h PWM3DCL
DB4h PWM3DCH
DB5h PWM3PRL
DB6h PWM3PRH
DB7h PWM3OFL
DB8h PWM3OFH
DB%h PWM3TMRL
DBAh PWM3TMRH
DBBh PWM3CON
DBCh PWMBSINTE
DBDh PWMB3INTF
DBEh PWM3CLKCON
DBFh PWM3LDCON
DCOh PWM3OFCON
DC1h PWM4PHL
DC2h PWM4PHH
DC3h PWM4DCL
DC4h PWM4DCH
DC5h PWM4PRL
DC6h PWM4PRH
DC7h PWM40OFL
DC8h PWM40OFH
DC9h PWM4TMRL
DCAh PWM4TMRH
DCBh PWM4CON
DCCh PWM4INTE
DCDh PWM4INTF
DCEh PWM4CLKCON
DCFh PWM4LDCON
DDOh PWM40OFCON
DD1h
DEFh =
Legend: = Unimplemented data memory locations, read as ‘0’.

TABLE 3-12: PIC16(L)F1574/5/8/9 MEMORY
MAP, BANK 28-29

Bank 28 Bank 29
EOCh — E8Ch =
EODh = E8Dh =
EOEh = E8Eh =
EOFh PPSLOCK E8Fh =
E10h INTPPS E90h RAOPPS
E11h TOCKIPPS E91h RA1PPS
E12h T1CKIPPS E92h RA2PPS
E13h T1GPPS E93h =
E14h CWG1PPS E94h RA4PPS
E15h RXPPS E95h RA5PPS
E16h CKPPS E96h =
E17h | ADCACTPPS | E97h =
E18h = E98h =
E19h = E99h =
E1Ah — E9Ah —
E1Bh = E9Bh =
E1Ch = E9Ch RB4PPS(")
E1Dh = E9Dh RB5PPS(")
E1Eh = E9Eh rB6PPS(")
E1Fh = E9Fh rB7PPS()
E20h = EAOh RCOPPS
E21h = EA1h RC1PPS
E22h = EA2h RC2PPS
E23h = EA3h RC3PPS
E24h = EA4h RC4PPS
E25h = EA5h RC5PPS
E26h = EA6h rcePpst!
E27h = EA7h rc7pPs(
E28h = EA8h =
E29h = EA%h =
E2Ah — EAAh —
E2Bh = EABh =
E2Ch = EACh =
E2Dh = EADh =
E2Eh = EAEh =
E2Fh = EAFh =
E30h = EBOh =
E31h = EB1h =
E32h — EB2h —
E33h = EB3h =
E34h — EB4h —
E35h = EB5h =
E36h = EB6h =
E37h = EB7h =
E38h = EB8h =
E39h = EB9h =
E3Ah — EBAh —
E3Bh = EBBh =
E3Ch = EBCh =
E3Dh = EBDh =
E3Eh — EBEh —
E3Fh = EBFh =
E40h ECOh
E6Fh EEFh

Legend: = Unimplemented data memory locations,
read as ‘0’
Note 1: Unimplemented on PIC16(L)F1574/5.

© 2016 Microchip Technology Inc.
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TABLE 3-15: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
Value on Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 all other
POR,BOR | ‘o
esets
Bank 2
10Ch LATA — — LATA5 LATA4 — LATA2 LATA1 LATAO --XX -XXX[--uu -uuu
10Dh LATB™M LATB7 LATB6 LATB5 LATB4 — — — — XXXX = === [XXXX - --
10Eh LATC LATCc7(" | LATCE(" | LATCS LATC4 LATC3 LATC2 LATCA1 LATCO  [XXXX XXXX [XXXX XXXX
10Fh — Unimplemented — —
110h — Unimplemented — —
111h CM1CONO C1ON | c1ouT — | ciroL — cisP | ciHys | cisync [00-0 -100{00-0 -100
112h CM1CON1 C1INTP | CAINTN C1PCH<1:0> — C1NCH<2:0> 0000 - 000 |0000 -000
113h CM2CONO C20N | c20UT — | ceroL — casP | c2Hys | c2sync [00-0 -100{00-0 -100
114h CM2CON1 C2INTP | C2INTN C2PCH<1:0> — C2NCH<2:0> 0000 - 000 |0000 -000
115h CcMouT — — — — — — MC20UT MC10UT |---- --00|---- --00
116h BORCON SBOREN | BORFS — — — — — BORRDY [10-- ---q|uu-- ---u
117h FVRCON FVREN | FVRRDY | TSEN TSRNG CDAFVR<1:0> ADFVR<1:0> 0g00 0000 |0g00 0000
118h DACCONO DACEN — DACOE — DACPSS<1:0> — — 0-0- 00-- [0-0- 00--
119h DACCON1 — — — DACR<4:0> ---0 0000 |---0 0000
11Ah
to — Unimplemented — —
11Fh
Legend: x =unknown, u = unchanged, g = value depends on condition, - = unimplemented, r = reserved. Shaded locations are unimplemented, read as ‘0’.
Note 1: PIC16(L)F1578/9 only.
2:  PIC16F1574/5/8/9 only.
3: Unimplemented, read as ‘1’.
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TABLE 3-15: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
Value on Value on
Address Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 all other
POR,BOR | o
esets
Bank 4
20Ch WPUA — — WPUA5 WPUA4 WPUA3 WPUA2 WPUA1 WPUAO  |--11 1111(--11 1111
20Dh wpuB(" WPUB7 | WPUB6 | WPUBS5 WPUB4 = — = = 1111 ---- [1111 ----
20Eh WPUC wpuc7™ | wpuce | wpPuCs WPUC4 WPUC3 WPUC2 WPUC1 WPUCO  [1111 1111(1111 1111
20Fh
to — Unimplemented — —
21Fh
Bank 5
28Ch ODCONA — — ODA5 ODA4 — ODA2 ODA1 ODAO --00 -000|--00 -000
28Dh obcons™ ODB7 ODB6 ODB5 ODB4 = — = = 0000 ---- [0000 ----
28Eh ODCONC obc7" | obcs! oDC5 oDc4 obc3 oDCc2 oDC1 0oDCO 0000 0000|0000 0000
28Fh
to — Unimplemented — —
29Fh
Bank 6
30Ch SLRCONA = = SLRAS5 SLRA4 = SLRA2 SLRA1 SLRAO  |--11 -111(--11 -111
30Dh SLRCONB(™ SLRB7 SLRB6 SLRB5 SLRB4 = = = = 1111 ---- (1111 ----
30Eh SLRCONC SLRc7(M | sLrce™ | SLRC5 SLRC4 SLRC3 SLRC2 SLRC1 SLRCO 1111 1111|1111 1111
30Fh
to — Unimplemented — —
31Fh
Legend: x =unknown, u = unchanged, q = value depends on condition, - = unimplemented, r = reserved. Shaded locations are unimplemented, read as ‘0’.
Note 1: PIC16(L)F1578/9 only.
2:  PIC16F1574/5/8/9 only.
3: Unimplemented, read as ‘1’.
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REGISTER 7-6: PIR2: PERIPHERAL INTERRUPT REQUEST REGISTER 2
U-0 R/W-0/0 R/W-0/0 U-0 u-0 U-0 U-0 u-0
— 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
bit 7 Unimplemented: Read as ‘0’
bit 6 C2IF: Comparator C2 Interrupt Flag bit

1 = Interrupt is pending
0 = Interrupt is not pending
bit 5 C1IF: Comparator C1 Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending

bit 4-0 Unimplemented: Read as ‘0’

Note: Interrupt flag bits are set when an interrupt
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.

© 2016 Microchip Technology Inc.
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TABLE 13-1: SUMMARY OF REGISTERS ASSOCIATED WITH INTERRUPT-ON-CHANGE

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Eﬁglizt;
ANSELA — = — ANSA4 — ANSA2 | ANSA1 ANSAO 121
INTCON GIE PEIE TMROIE INTE IOCIE TMROIF INTF IOCIF 86
IOCAF = = IOCAF5 | IOCAF4 | IOCAF3 | IOCAF2 | IOCAF1 | IOCAFO 143
IOCAN = = IOCAN5 | IOCAN4 | IOCAN3 | IOCAN2 | IOCAN1 | IOCANO 143
IOCAP = = IOCAP5 | IOCAP4 | IOCAP3 | IOCAP2 | IOCAP1 | IOCAPO 143
locep@ IOCBP7 | IOCBP6 | IOCBP5 | IOCBP4 = = = = 144
IOCBN® IOCBN7 | IOCBN6 | IOCBN5 | IOCBN4 = = = = 144
IOCBF@ IOCBF7 | IOCBF6 | IOCBF5 | IOCBF4 — = — = 144
IoCCP loccp7@ | loccPe® | 10CcCP5 | 1O0CCP4 | 1O0CCP3 | 10CCP2 | I0CCP1 | IOCCPO 145
IOCCN IOCCN7®@ | l0ocCN6®@ | IOCCN5 | IOCCN4 | IOCCN3 | IOCCN2 | IOCCN1 | IOCCNO 145
IOCCF I0CcCF7@ | l0ocCF6@ | I0CCF5 | IOCCF4 | IOCCF3 | IOCCF2 | IOCCF1 IOCCFO 145
TRISA — = TRISA5 | TRISA4 =1 TRISA2 | TRISA1 | TRISAO 120
TRISC TRISC7@ | TRISC7®) | TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO 131
Legend: — =unimplemented location, read as ‘0’. Shaded cells are not used by interrupt-on-change.

Note 1: Unimplemented, read as ‘1.
2:  PIC16(L)F1578/9 only.
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16.2.6 ADC CONVERSION PROCEDURE EXAMPLE 16-1: ADC CONVERSION
This is an example procedure for using the ADC to : This code bl ock configures the ADC
perform an Analog-to-Digital conversion: ;for polling, vdd and Vss references, FRC

1 Configure Port: ;oscillator and ANO input.

» Disable pin output driver (Refer to the TRIS Conversion start & polling for conpletion

register) ; are included.
» Configure pin as analog (Refer to the ANSEL ;
register) BANKSEL ~ ADCONL o
» Disable weak pull-ups either globally (Refer MOLW B 11110000 ?Sgihlt | Ja:zil fy. FRC
to the OPTION_REG register) or individually NOVE ADCONL vdd and Vss Vref +
(Refer to the appropriate WPUXx register) BANKSEL TRl SA :
2. Configure the ADC module: BSF TRI SA, 0 ;Set RAO to input
» Select ADC conversion clock BANKSEL  ANSEL ;
. BSF ANSEL, 0 ; Set RAO to anal og
» Configure voltage reference BANKSEL  WPUA
» Select ADC input channel BCF WPUA, 0 ; Di sabl e weak
+ Turn on ADC module »pull-up on RAD

BANKSEL ~ ADCONO

3. Configure ADC interrupt (optional): NOVLW B 00000001’ Sel ect channel ANO

* Clear ADC interrupt flag NOVWF ADCONO : Turn ADC On
« Enable ADC interrupt CALL Sanpl eTine  ; Acqui siton del ay
- Enable peripheral interrupt BSF ADCONO, ADGO ; Start conversion
. 1 BTFSC ADCONO, ADGO ; I's conversion done?
+ Enable global interrupt(!) GOTO $-1 :No, test again
4. Wait the required acquisition time(?). BANKSEL ~ ADRESH :
5. Start conversion by setting the GO/DONE bit. MOVF ADRESH, W ; Read upper 2 bits
i i MOVWF RESULTHI ;store in GPR space
6. Wait for ADC conversion to Complete by one of BANKSEL ADRESL :
the following: MOVF ADRESL, W  ;Read lower 8 bits
» Polling the GO/DONE bit MOV RESULTLO ;Store in GPR space
» Waiting for the ADC interrupt (interrupts
enabled)

7. Read ADC Result.

8. Clear the ADC interrupt flag (required if interrupt
is enabled).

Note 1: The global interrupt can be disabled if the
user is attempting to wake-up from Sleep
and resume in-line code execution.

2: Refer to Section 16.4 “ADC Acquisi-
tion Requirements”.

© 2016 Microchip Technology Inc. DS40001782C-page 157
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REGISTER 18-2: CMxCON1: COMPARATOR Cx CONTROL REGISTER 1

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 U-0 R/W-0/0 R/W-0/0 R/W-0/0
CxINTP CxINTN CxPCH<1:0> — CxNCH<2:0>
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 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
11 = CxVP connects to Vss
10 = CxVP connects to FVR Voltage Reference

01 = CxVP connects to DAC Voltage Reference
00 = CxVP connects to CxIN+ pin
bit 3 Unimplemented: Read as ‘0’
bit 2-0 CxNCH<1:0>: Comparator Negative Input Channel Select bits
111 = CxVN connects to GND
110 = CxVN connects to FVR Voltage Reference
101 = Reserved
100 = Reserved
011 = CxVN connects to CxIN3- pin
010 = CxVN connects to CxIN2- pin
001 = CxVN connects to CxIN1- pin
000 = CxVN connects to CxINO- pin

REGISTER 18-3: CMOUT: COMPARATOR OUTPUT REGISTER

uU-0 u-0 uU-0 u-0 uU-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’ = Bit is set ‘0’ = Bit is cleared
bit 7-2 Unimplemented: Read as ‘0’
bit 1 MC20UT: Mirror Copy of C20UT bit
bit 0 MC10UT: Mirror Copy of C10UT bit

DS40001782C-page 174 © 2016 Microchip Technology Inc.
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FIGURE 22-7: AUTO-WAKE-UP BIT (WUE) TIMING DURING NORMAL OPERATION

\a1a23je4 Q11e2a3asallazalesataza3es aazesadalaziasiadllaasiesatezsadatiazesiadatazeses;
e RAvAaY At a W a W al e a W a W el aW eV el aWal el a W aWa W aWa Wl aWa W a Wl aWalaWa e aNa W aWaWaWaalal

' Bitsetbyulser | ' u/—AutO:CIeared :

WUE bit - : . o L . . . ), .
RX/DT Line - ' ' : " - f f m . :
- | : Ly S : |
X ' ! X X ! Cléared due to User Read of RCREG —’f '
Note 1: The EUSART remains in Idle while the WUE bit is set.
FIGURE 22-8: AUTO-WAKE-UP BIT (WUE) TIMINGS DURING SLEEP
,Q11Q21Q3|04,Q1Q2|Q3)Q4,Q11Q2/Q3|Q4, Q1 |Q2|Q3|Q4:Q1|QZ|QS|Q4:Q1|QZ|Q3!Q4:Q1|QZ|Q3|Q4:Q1|Q2|QS|Q4:
(SR RWAWAWAWAWAWAWRNRWAWAWRY, |V N AR IR I W O SR A U AW R IR I WA O SR O A W
. Bit Set by User —_ . . - ' . — Auto Cleared .
WUE bit; : / : : Lo bR ; :
RXIDT Line] : : : : Lol ote 1 : :
RCIF | '
. . . T Cleared due to User Read of RCREG —A
Sleep Command Executed Sleep Ends

Note 1: If the wake-up event requires long oscillator warm-up time, the automatic clearing of the WUE bit can occur while the st posc signal is
still active. This sequence should not depend on the presence of Q clocks.

2: The EUSART remains in Idle while the WUE bit is set.
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23.2 PWM Modes

PWM Modes are selected with MODE<1:0> bits of the
PWMxCON register (Register 23-1).

In all PWM modes an offset match event can also be
used to synchronize the PWMxTMR in three offset
modes. See Section 23.3 “Offset Modes” for more
information.

23.2.1 STANDARD MODE

The Standard mode (MODE = 00) selects a single
phase PWM output. The PWM output in this mode is
determined by when the period, duty cycle, and phase
counts match the PWMxTMR value. The start of the
duty cycle occurs on the phase match and the end of
the duty cycle occurs on the duty cycle match. The
period match resets the timer. The offset match can
also be used to synchronize the PWMxTMR in the
offset modes. See Section 23.3 “Offset Modes” for
more information.

Equation 23-1 is used to calculate the PWM period in
Standard mode.

Equation 23-2 is used to calculate the PWM duty-cycle
ratio in Standard mode.

EQUATION 23-1: PWM PERIOD IN
STANDARD MODE

(PWMxPR+ 1) -Prescale

Period = PWMxCLK

EQUATION 23-2: PWM DUTY CYCLE IN
STANDARD MODE

(PWMxDC — PWMxPH)
PWMxPR+ 1

Duty Cycle =

A detailed timing diagram for Standard mode is shown
in Figure 23-4.

23.2.2 SET ON MATCH MODE

The Set On Match mode (MODE = 01) generates an
active output when the phase count matches the
PWMxTMR value. The output stays active until the
OUT bit of the PWMxCON register is cleared or the
PWM module is disabled. The duty cycle count has no
effect in this mode. The period count only determines
the maximum PWMxTMR value above which no phase
matches can occur.

The PWMxOUT bit can be used to set or clear the
output of the PWM in this mode. Writes to this bit will
take place on the next rising edge of the PWM_clock
after the bit is written.

A detailed timing diagram for Set On Match is shown in
Figure 23-5.

23.23 TOGGLE ON MATCH MODE

The Toggle On Match mode (MODE = 10) generates a
50% duty cycle PWM with a period twice as long as that
computed for the standard PWM mode. Duty cycle
count has no effect in this mode. The phase count
determines how many PWMxTMR periods after a
period event the output will toggle.

Writes to the OUT bit of the PWMxCON register will
have no effect in this mode.

A detailed timing diagram for Toggle On Match is
shown in Figure 23-6.

23.24 CENTER-ALIGNED MODE

The Center-Aligned mode (MODE = 11) generates a
PWM waveform that is centered in the period. In this
mode the period is two times the PWMxPR count. The
PWMxTMR counts up to the period value then counts
back down to 0. The duty cycle count determines both
the start and end of the active PWM output. The start of
the duty cycle occurs at the match event when
PWMxTMR is incrementing and the duty cycle ends at
the match event when PWMxTMR is decrementing.
The incrementing match value is the period count
minus the duty cycle count. The decrementing match
value is the incrementing match value plus 1.

Equation 23-3 is used to calculate the PWM period in
Center-Aligned mode.

EQUATION 23-3: PWM PERIOD IN
CENTER-ALIGNED MODE

d = (PWMxPR+ 1) -Prescale - 2

Perio PWMxXCLK

Equation 23-4 is used to calculate the PWM duty cycle
ratio in Center-Aligned mode

EQUATION 23-4: PWM DUTY CYCLE IN
CENTER-ALIGNED MODE

PWMxDC - 2

Duty Cycle = 5 WMxPR+ 1) - 2

Writes to PWMxOUT will have no effect in this mode.

A detailed timing diagram for Center-Aligned mode is
shown in Figure 23-7.
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REGISTER 23-5: PWMxLDCON: PWM RELOAD TRIGGER SOURCE SELECT REGISTER

R/W-0/0 R/W-0/0 uU-0 uU-0 uU-0 U-0 R/W-0/0 R/W-0/0
LDAM LDT — — — — LDS<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 LDA: Load Buffer Armed bit()
IfLDT =1:
1 = Load the OFx, PHx, DCx and PRx buffers at the end of the period when the selected trigger occurs.
0 = Do not load buffers/load has completed
If LDT = 0:
1 = Load OF, PH, DC and PR buffers at the end of the current period
0 = Do not load buffers or load has completed
bit 6 LDT: Load Buffer on Trigger bit
1 = Load buffers on trigger enabled
0 = Load on trigger disabled
Load the OFx, PHx, DCx and PRXx buffers at the end of every period after the selected trigger occurs.
Reload internal double buffers at the end of current period. PWMxLDS bits are ignored.
bit 5-2 Unimplemented: Read as ‘0’
bit 1-0 LDS<1:0>: Load Trigger Source Select bits

11 = LD4_trigger(?®
10 = LD3_trigger(®
01 = LD2_trigger®
00 = LD1_trigger(?)

Note 1: This bit is cleared by the module after a reload operation. It can be cleared in software to clear an existing
arming event.
2: The LD_trigger corresponding to the PWM used becomes reserved.
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25.0 IN-CIRCUIT SERIAL
PROGRAMMING™ (ICSP™)

ICSP™ programming allows customers to manufacture
circuit boards with unprogrammed devices. Programming
can be done after the assembly process allowing the
device to be programmed with the most recent firmware
or a custom firmware. Five pins are needed for ICSP™
programming:

* ICSPCLK

« ICSPDAT

* MCLR/VPP

* VDD

* Vss

In Program/Verify mode the program memory, user IDs
and the Configuration Words are programmed through
serial communications. The ICSPDAT pin is a bidirec-
tional 1/0O used for transferring the serial data and the
ICSPCLK pin is the clock input. For more information on
ICSP™ refer to the “PIC16(L)F157x Memory Program-
ming Specification” (DS40001766).

251 High-Voltage Programming Entry
Mode

The device is placed into High-Voltage Programming
Entry mode by holding the ICSPCLK and ICSPDAT
pins low then raising the voltage on MCLR/VPP to VIHH.

25.2 Low-Voltage Programming Entry
Mode

The Low-Voltage Programming Entry mode allows the
PIC® Flash MCUs to be programmed using VDD only,
without high voltage. When the LVP bit of Configuration
Words is set to ‘1’, the ICSP Low-Voltage Programming
Entry mode is enabled. To disable the Low-Voltage
ICSP mode, the LVP bit must be programmed to ‘0.

Entry into the Low-Voltage Programming Entry mode
requires the following steps:

1. MCLR is brought to VIL.

2. A 32-bit key sequence is presented on
ICSPDAT, while clocking ICSPCLK.

Once the key sequence is complete, MCLR must be
held at VIL for as long as Program/Verify mode is to be
maintained.

If low-voltage programming is enabled (LVP = 1), the
MCLR Reset function is automatically enabled and
cannot be disabled. See Section 6.5 “MCLR” for more
information.

The LVP bit can only be reprogrammed to ‘0’ by using
the High-Voltage Programming mode.

25.3 Common Programming Interfaces

Connection to a target device is typically done through
an ICSP™ header. A commonly found connector on
development tools is the RJ-11 in the 6P6C (6-pin,
6-connector) configuration. See Figure 25-1.
FIGURE 25-1: ICD RJ-11 STYLE
CONNECTOR INTERFACE

® |CSPDAT

/ 1T3\5 Target
VPP/MCLR Vss PC Board

Bottom Side

Pin Description*

1=VpPp/MCLR
2 =VpD Target

3 =Vss (ground)
4 = |CSPDAT
5=I1CSPCLK

6 = No Connect

Another connector often found in use with the PICkit™
programmers is a standard 6-pin header with 0.1 inch
spacing. Refer to Figure 25-2.
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FIGURE 25-2: PICkit™ PROGRAMMER STYLE CONNECTOR INTERFACE

Rev. 10-000128A
7/3012013

Pin 1 Indicator

*

Pin Description
1= VPPIMCLR
2 = VDD Target
3 =Vss (ground)
4 = ICSPDAT

AR WN =

5 =ICSPCLK

6 = No connect

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

For additional interface recommendations, refer to your
specific device programmer manual prior to PCB
design.

It is recommended that isolation devices be used to
separate the programming pins from other circuitry.
The type of isolation is highly dependent on the specific
application and may include devices such as resistors,
diodes, or even jumpers. See Figure 25-3 for more
information.

FIGURE 25-3: TYPICAL CONNECTION FOR ICSP™ PROGRAMMING

Rev. 10-000129A
713012013

External Device to be
Programming VDD Programmed
Signals T

VDD ‘ VDD

VPP MCLR/VPP

Vss Vss

Data ICSPDAT

Clock * ICSPCLK

To Normal Connections

* Isolation devices (as required).
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CALL Call Subroutine

Syntax: [label] CALL k

Operands: 0 <k <2047

Operation: (PC)+ 1> TOS,
k - PC<10:0>,
(PCLATH<6:3>) —» PC<14:11>

Status Affected: None

Description: Call Subroutine. First, return address
(PC + 1) is pushed onto the stack.
The 11-bit immediate address is
loaded into PC bits <10:0>. The upper
bits of the PC are loaded from
PCLATH. CALL is a 2-cycle instruc-
tion.

CALLW Subroutine Call With W

Syntax: [ label ] CALLW

Operands: None

Operation: (PC) +1 > TOS,
(W) —» PC<7:0>,
(PCLATH<6:0>) — PC<14:8>

Status Affected: None

Description: Subroutine call with W. First, the
return address (PC + 1) is pushed
onto the return stack. Then, the
contents of W is loaded into PC<7:0>,
and the contents of PCLATH into
PC<14:8>. CALLWis a 2-cycle
instruction.

CLRF Clear f

Syntax: [label] CLRF f

Operands: 0<f<127

Operation: 00h — (f)
1-2Z

Status Affected: V4

Description: The contents of register f’ are cleared
and the Z bit is set.

CLRW Clear W

Syntax: [ label] CLRW

Operands: None

Operation: 00h —» (W)
1527

Status Affected: A

Description: W register is cleared. Zero bit (Z) is

set.

CLRWDT Clear Watchdog Timer

Syntax: [label] CLRWDT

Operands: None

Operation: 00h -» WDT
0 — WDT prescaler,
1710
1->PD

Status Affected: TO, PD

Description: CLRWDT instruction resets the Watch-
dog Timer. It also resets the prescaler
of the WDT. _
Status bits TO and PD are set.

COMF Complement f

Syntax: [label] COMF f,d

Operands: 0<f<127
d e [0,1]

Operation: (f) > (destination)

Status Affected: z

Description: The contents of register ‘f’ are
complemented. If ‘'d’ is ‘0’, the result is
stored in W. If ‘d’ is ‘1’, the result is
stored back in register ‘f’.

DECF Decrement f

Syntax: [label] DECEF f,d

Operands: 0<f<127
d e [0,1]

Operation: (f) - 1 — (destination)

Status Affected: 4

Description: Decrement register ‘f’. If ‘d’ is ‘0’, the

result is stored in the W
register. If ‘d’ is ‘1’, the result is stored
back in register ‘f".
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RETFIE Return from Interrupt RETURN Return from Subroutine
Syntax: [label] RETFIE Syntax: [label] RETURN
Operands: None Operands: None
Operation: TOS — PC, Operation: TOS —» PC
1->GIE Status Affected: None
Status Affected: None Description: Return from subroutine. The stack is
Description: Return from Interrupt. Stack is POPed POPed and the top of the stack (TOS)
and Top-of-Stack (TOS) is loaded in is loaded into the program counter.
the PC. Interrupts are enabled by This is a 2-cycle instruction.
setting Global Interrupt Enable bit,
GIE (INTCON<7>). This is a 2-cycle
instruction.
Words: 1
Cycles: 2
Example: RETFI E
After Interrupt
PC = TOS
GIE = 1
RETLW Return with literal in W
RLF Rotate Left f through Carry
Syntax: [label] RETLW k
Syntax: label RLF
Operands: 0<k<255 y [ ]
) Operands: 0<f<127
Operation: k — (W);
d e [0,1]
TOS —» PC
Operation: See description below
Status Affected: None
. . . . . Status Affected: Cc
Description: The W register is loaded with the 8-bit
literal ‘k’. The program counter is Description: The contents of register ‘f’ are rotated
loaded from the top of the stack (the one bit to the left through the Carry
return address). This is a 2-cycle flag. If ‘d’ is ‘0’, the result is placed in
instruction. the W register. If ‘d’ is ‘1", the result is
stored back in register f.
Words: 1 = :
Cycles: 2 r_-‘_“‘—l
Example: CALL TABLE; Wcontains table Words: 1
; of fset val ue )
+ ;Wnow has table val ue Cycles: 1
TABLE . Example: RLF REGL, 0
ADDWE PC ;W= of f set Before '”sgégl'o” 1110 0110
RETLW k1 ;Begin table c 0
?ETLW k2 After Instruction
. REGL 1110 0110
. w 1100 1100
C 1

RETLW kn ; End of table

Before Instruction

W = 0x07
After Instruction
W = value of k8

© 2016 Microchip Technology Inc.
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27.0 ELECTRICAL SPECIFICATIONS

27.1  Absolute Maximum Ratings(T)

Ambient temperature UNder Dias .............oiiiiiiiiii e -40°C to +125°C
StOrage tEMPEIATUTE .....ooi et e et e e e s et e e et e e e ne e e smneeeeneeesnneeeanneean -65°C to +150°C
Voltage on pins with respect to Vss
on VDD pin
PICTBFASTA/5/8I9 ...ttt -0.3V to +6.5V
PICABLFASTA/S/BIO ...ttt st -0.3V to +4.0V
ON IMCLR PN ettt ettt ettt ettt e e e e e e e e e s e e e s e ee et ee s et eeer e -0.3V to +9.0V
ON All OtNET PINS ..ot -0.3V to (VDD + 0.3V)

Maximum current
on Vss pin“)

SA0°C STA S HBB°C it 250 mA
FB5°C S TA S F125°%C oottt ettt b et b bbb en b e saeeereas 85 mA

on Vob pin("
SA0°C STA S H8B°C ittt 250 mA
H85°C S TA S HT125°C ottt et e 85 mA
Sunk by any standard 1/O PiN ........oooiiiii e s 50 mA
Sourced by any standard 1/O PIN .....oooeiiii e s 50 mA
Clamp current, 1K (VPIN < 0 OF VPIN > VDD) ..ceiuuiiiiiieeiiiee et e e eeeeeeseieee et e st e e sseeesnneeesamneeeseeeeasseesenneeeennnees +20 mA
Total power dissipation(z) ............................................................................................................................... 800 mW

Note 1: Maximum current rating requires even load distribution across 1/O pins. Maximum current rating may be
limited by the device package power dissipation characterizations, see Table 27-6: “Thermal
Characteristics” to calculate device specifications.

2: Power dissipation is calculated as follows: PDIs = VDD x {IbD — ¥ IoH} + X {(VDD — VOH) x loH} + > (VoI x IoL).

1 NOTICE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operation listings of this specification is not implied. Exposure above maximum rating conditions for
extended periods may affect device reliability.
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27.4 AC Characteristics

Timing Parameter Symbology has been created with one of the following formats:

1. TppS2ppS

2. TppS

T
F Frequency T Time
Lowercase letters (pp) and their meanings:

PP
cc CCP1 osc CLKIN
ck CLKOUT rd RD
cs [ w RD or WR
di SDIx sC SCKXx
do SDO ss Ss
dt Data in t0 TOCKI
io 1/0 PORT t1 T1CKI
mc MCLR wr WR
Uppercase letters and their meanings:

S
F Fall P Period
H High R Rise
| Invalid (High-impedance) \Y Valid
L Low Z High-impedance

FIGURE 27-4: LOAD CONDITIONS

Rev. 10-000133A
8/1/2013

Load Condition

17
—~— VSS

Legend: CL=50 pF for all pins
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220
200 lax: 85°C + 30 lax.
":'4 picsﬁé"cs /M///
180 e
= //
S160 —
e
120 —
—
100
16 18 20 22 24 26 28 30 32 34 36 38
Vbb (V)
FIGURE 28-13: IDD, MFINTOSC Mode,
Fosc = 500 kHz, PIC16LF1574/5/8/9 Only.
30 -
25 Typical: 25°C %2 Mz V
20 32 MHz PLL /
s 16 MHz
§ 15 /
2 | 8 MHz
1.0 L
05 e s
00
16 18 20 22 24 26 28 30 32 34 36 38

VoD (V)

FIGURE 28-15:
Mode, PIC16LF1574/5/8/9 Only.

IpD Typical, HFINTOSC

3.0 T
32 MHz PLL
Typical: 25°C
25
/ 32 MHz PLL

20
= 16 MHz
T 15
o / 8 MHz
a

1.0

0.5

0.0

20 25 3.0 3.5 4.0 45 5.0 55
Voo (V)

6.0

FIGURE 28-17:
Mode, PIC16F1574/5/8/9 Only.

IpD Typical, HFINTOSC

300
Yoncat s | //
o L~ / Typical
%200 — //
2 180 +
160 /
140
120
100
20 25 30 35 40 45 50 55 6.0
VDD (V)
FIGURE 28-14: IDD, MFINTOSC Mode,
Fosc = 500 kHz, PIC16F1574/5/8/9 Only.
ZZ M)‘m‘m 32 MHz PLL /
25 /
z 32 MHz PLL
‘E 20 16 MHz
NI
05 —
0.0
16 18 20 22 24 26 28 30 32 34 36 38
VoD (V)
FIGURE 28-16: IDD Maximum, HFINTOSC

Mode, PIC16LF1574/5/8/9 Only.

Vb (V)

35
3.0 Max: 85°C + 30 / i 32 MHz PLL
/ 32 MHz PLL

25
T 20 T 16 MHz 1
E
FERN el . 8 MHz T

1.0

0.5

0.0

20 25 3.0 35 4.0 4.5 5.0 55

6.0

FIGURE 28-18:
Mode, PIC16F1574/5/8/9 Only.

Ipb Maximum, HFINTOSC
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