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PIC16(L)F1777/8/9

TABLE 1-3: PIC16(L)F1777/9 PINOUT DESCRIPTION (CONTINUED)

Name Function I_Ir_lyppuet O#;S;t Description
RB7/C5IN1+/DAC10UT2/ RB7 TTL/ST | CMOS | General purpose /0.
DAC20UT2/DAC30UT2/ C5IN1+ AN — Comparator 5 positive input.
DAC40UT2/DAC50UT2/

DAC60UT2/DACTOUT2/ DAC10UT2 — AN DAC1 voltage output.
DACS8OUT2/T6IN/CLCIN3/ DAC20UT2 — AN DAC2 voltage output.
ICSPDAT DAC30UT2 | — AN | DAC3 voltage output.
DAC40UT2 — AN DAC4 voltage output.
DAC50UT2 — AN DACS voltage output.
DAC60OUT2 — AN DACEG voltage output.
DAC70UT2 — AN DACY7 voltage output.
DAC80UT2 — AN DACS voltage output.
T6IN® | TTL/ST| — | Timer6 gate input.
CLCIN3® |TTL/ST| — |CLCinput3.
ICSPDAT ST CMOS | ICSP™ Data I/O.
RCO/DAC50UT1/T1CKI/T3CKI/ RCO TTL/ST | CMOS | General purpose I/O.
T3G/SOSCO DAC50UT1 | — AN | DACS5 voltage output.
T1CKI® AN — Comparator 4 negative input.
T3CKI® | TTL/ST| — | Timer3 clock input.
T3g® | TTLST| — |Timer3 gate input.
SOSCO — XTAL | Secondary oscillator output.
RC1/DAC70OUT1/PRG2R/CCP2/ RC1 TTL/ST | CMOS | General purpose I/O.
Soscl DAC70UT1 | — AN | DACT voltage output.
PRG2R® | TTL/ST — Ramp generator set_rising input.
ccP2® | TTL/ST| — | CCP2 capture input.
SOSCI XTAL — Secondary oscillator input.
RC2/AN14/C5IN2-/C6IN2-/ RC2 TTL/ST | CMOS | General purpose /0.
PRG2F/CCP1 AN14 AN — | ADC Channel 14 input.
C5IN2- AN — Comparator 5 negative input.
C6IN2- AN — Comparator 6 negative input.
RC3/AN15/C1IN4-/C2IN4-/ RC3 TTL/ST | CMOS | General purpose /0.
C3IN4-/C4IN4-/C5IN4-/C6IN4-/ AN15 AN — | ADC Channel 15 input.
C7IN4-/C8IN4-/T2IN/MD2CL/ —
sCL C1IN4- AN — Comparator 1 negative input.
C2IN4- AN — Comparator 2 negative input.
C3IN4- AN — Comparator 3 negative input.
C4IN4- AN — Comparator 4 negative input.
C5IN4- AN — Comparator 5 negative input.
C6IN4- AN — Comparator 6 negative input.
C7IN4- AN — Comparator 7 negative input.
C8IN4- AN — Comparator 8 negative input.
T2IN® | TTUST| — |Timer2 gate input.
mMD2CcL® | TTL/ST — Data signal modulator 2 low carrier input.
SCL e OD | IC clock.
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 I°C = Schmitt Trigger input with 1’c
HP = High Power XTAL = Crystal levels
Note 1: Default peripheral input. Alternate pins can be selected as the peripheral input with the PPS input selection registers.
2: Al pin digital outputs default to PORT latch data. Alternate outputs can be selected as the peripheral digital output with
the PPS output selection registers.
3:  These peripheral functions are bidirectional. The output pin selections must be the same as the input pin selections.
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TABLE 3-18: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)

Addr Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O P\g‘g%‘g‘R gfﬁg‘re;ensgt"s

Bank 17

88Ch |— Unimplemented — —
88Dh |COG4PHR®) = = COG Rising Edge Phase Delay Count Register --00 0000 | --00 0000
88Eh |COG4PHF®) = = COG Falling Edge Phase Delay Count Register --00 0000 | --00 0000
88Fh |COG4BLKR® = = COG Rising Edge Blanking Count Register --00 0000 | --00 0000
890h |COG4BLKF® = = COG Falling Edge Blanking Count Register --00 0000 | --00 0000
891h |COG4DBR® = = COG Rising Edge Dead-band Count Register --00 0000 | --00 0000
892h |COG4DBF® = = COG Falling Edge Dead-band Count Register --00 0000 | --00 0000
893h |COG4CONO® EN LD — CS<1:0> MD<2:0> 00-0 0000 | 00-0 0000
894h |COG4CON1® RDBS FDBS — — POLD POLC POLB POLA 00-- 0000 | 00-- 0000
895h | COGARISO® RIS7 RIS6 RIS5 RIS4 RIS3 RIS2 RIS RISO 0000 0000 | 0000 0000
89%h |COG4RIS1® RIS15 RIS14 RIS13 RIS12 RIS11 RIS10 RIS9 RIS8 0000 0000 | 0000 0000
897h |COG4RSIMO® RSIM7 RSIM6 RSIM5 RSIM4 RSIM3 RSIM2 RSIM1 RSIMO 0000 0000 | 0000 0000
898h |COG4RSIM1®) RSIM15 RSIM14 RSIM13 RSIM12 RSIM11 RSIM10 RSIM9 RSIM8 0000 0000 | 0000 0000
899h | COG4FISO® FIS7 FIS6 FIS5 FIS4 FIS3 FIS2 FIS1 FISO 0000 0000 | 0000 0000
89Ah |COG4FIST® FIS15 FIS14 FIS13 FIS12 FIS11 FIS10 FIS9 FIS8 0000 0000 | 0000 0000
89Bh |COG4FSIMO® FSIM7 FSIM6 FSIM5 FSIM4 FSIM3 FSIM2 FSIM1 FSIMO 0000 0000 | 0000 0000
89Ch | COG4FSIM1®) FSIM15 FSIM14 FSIM13 FSIM12 FSIM11 FSIM10 FSIM9 FSIM8 0000 0000 | 0000 0000
89Dh |COG4ASDO®) ASE ARSEN ASDBD<1:0> ASDAC<1:0> = = 0001 01-- | 0001 O1--
89Eh |COG4ASD1® ASTE ASBE AS5E AS4E AS3E AS2E AS1E ASOE 0000 0000 | 0000 0000
89Fh |COG4STR® SDATD SDATC SDATB SDATA STRD STRC STRB STRA 0000 0000 | 0000 0000
Legend: x = unknown, u = unchanged, q = value depends on condition, - = unimplemented, read as ‘0’, r = reserved.

Shaded locations are unimplemented, read as ‘0’.

Note 1: Unimplemented, read as ‘1’.

2: Unimplemented on PIC16LF1777/8/9.

3: Unimplemented on PIC16(L)F1778.
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PIC16(L)F1777/8/9

4.3 Code Protection

Code protection allows the device to be protected from
unauthorized access. Program memory protection is
controlled independently. Internal access to the
program memory is unaffected by any code protection
setting.

4.3.1 PROGRAM MEMORY PROTECTION

The entire program memory space is protected from
external reads and writes by the CP bit in Configuration
Words. When CP = 0, external reads and writes of
program memory are inhibited and a read will return all
‘0’s. The CPU can continue to read program memory,
regardless of the protection bit settings. Writing the
program memory is dependent upon the write
protection  setting. See  Section 4.4  “Write
Protection” for more information.

4.4 Write Protection

Write protection allows the device to be protected from
unintended self-writes. Applications, such as boot
loader software, can be protected while allowing other
regions of the program memory to be modified.

The WRT<1:0> bits in Configuration Words define the
size of the program memory block that is protected.

4.5 User ID

Four memory locations (8000h-8003h) are designated
as ID locations where the user can store checksum or
other code identification numbers. These locations are
readable and writable during normal execution. See
Section 10.4 “User ID, Device ID and Configuration
Word Access” for more information on accessing
these memory locations. For more information on
checksum calculation, see the “PIC16(L)F170X
Memory Programming Specification” (DS41683).

DS40001819B-page 98
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5.2.1.4 4x PLL

The oscillator module contains a 4x PLL that can be
used with both external and internal clock sources to
provide a system clock source. The input frequency for
the 4x PLL must fall within specifications. See the PLL
Clock Timing Specifications in Table 36-9.

The 4x PLL may be enabled for use by one of two
methods:

1. Program the PLLEN bit in Configuration Words
toa‘l.

2. Write the SPLLEN bit in the OSCCON register to
a ‘1’. If the PLLEN bit in Configuration Words is
programmed to a ‘1’, then the value of SPLLEN
is ignored.

5.2.1.5

The secondary oscillator is a separate crystal oscillator
that is associated with the Timer1 peripheral. It is
optimized for timekeeping operations with a 32.768
kHz crystal connected between the SOSCO and
SOSCI device pins.

The secondary oscillator can be used as an alternate
system clock source and can be selected during
run-time using clock switching. Refer to Section 5.3
“Clock Switching” for more information.

Secondary Oscillator

FIGURE 5-5: QUARTZ CRYSTAL
OPERATION
(SECONDARY
OSCILLATOR)
PIC® MCU
| soscl |~ }
I > ’ ; |
C1 i To Internal}
32.768 kHz L _Logic 1
I Quartz
— Crystal
0‘2 b SOSCO

Note 1:

Quartz  crystal

according

Always verify oscillator performance over
the VDD and temperature range that is
expected for the application.

For oscillator design assistance, reference
the following Microchip Application Notes:

* AN826, “Crystal Oscillator Basics and
Crystal Selection for rfPIC® and PIC®
Devices” (DS00826)

+ AN849, “Basic PIC® Oscillator Design”

(DS00849)

« AN943, “Practical PIC® Oscillator
Analysis and Design” (DS00943)

* AN949, “Making Your Oscillator Work”

(DS00949)

» TB097, “Interfacing a Micro Crystal
MS1V-T1K 32.768 kHz Tuning Fork
Crystal to a PIC16F690/SS” (DS91097)

» AN1288, “Design Practices for
Low-Power External Oscillators”

(DS01288)

type, package and
manufacturer. The user should consult the
manufacturer data sheets for specifications
and recommended application.

characteristics ~ vary

© 2015-2016 Microchip Technology Inc.
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REGISTER 10-4: PMADRH: PROGRAM MEMORY ADDRESS HIGH BYTE REGISTER

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
—@ PMADR<14:8>
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’ = Bitis set ‘0’ = Bit is cleared
bit 7 Unimplemented: Read as ‘1’
bit 6-0 PMADR<14:8>: Specifies the Most Significant bits for program memory address

Note 1. Unimplemented, read as ‘1'.

DS40001819B-page 170 © 2015-2016 Microchip Technology Inc.
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TABLE 16-3: SUMMARY OF REGISTERS ASSOCIATED WITH ADC

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O Ssgpiztge;
ADCONO CHS<5:0> GO/DONE | ADON 232
ADCON1 ADFM ADCS<2:0> — ADNREF ADPREF<1:0> 234
ADCON2 — — TRIGSEL<5:0> 235
ADRESH ADC Result Register High 236, 237
ADRESL ADC Result Register Low 236, 237
ANSELA — — ANSA5 ANSA4 ANSA3 ANSA2 ANSA1 ANSAO0 177
ANSELB — — ANSB5 ANSB4 ANSB3 ANSB2 ANSB1 ANSBO 182
ANSELC ANSC7 ANSC6 ANSC5 ANSC4 ANSC3 ANSC2 = = 187
FVRCON FVREN FVRRDY TSEN TSRNG CDAFVR<1:0> ADFVR<1:0> 223
DAC1CONO EN FM OE1 OE2 PSS<1:0> NSS<1:0> 244
DAC2CONO EN FM OE1 OE2 PSS<1:0> NSS<1:0> 244
DAC5CONO EN FM OE1 OE2 PSS<1:0> NSS<1:0> 244
INTCON GIE PEIE TMROIE INTE I0CIE TMROIF INTF I0CIF 132
PIE1 TMR1GIE ADIE RCIE TXIE SSP1IE CCP1IE TMR2IE TMR1IE 133
PIR1 TMR1GIF ADIF RCIF TXIF SSP1IF CCP1IF TMR2IF TMR1IF 139
TRISA TRISA7 TRISA6 TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISAO 176
TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB6 TRISB6 TRISB1 TRISBO 181
TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISCO 186
Legend: x =unknown, u = unchanged, —= unimplemented read as ‘0’, q = value depends on condition. Shaded cells are not

used for the ADC module.

DS40001819B-page 240 © 2015-2016 Microchip Technology Inc.
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FIGURE 23-12: RISING EDGE-TRIGGERED MONOSTABLE MODE TIMING DIAGRAM (MODE = 10001)

Rev. 10-000203A
47712016

MODE | 0b10001 |
PRX| 5 |
Instruction™ BSF BCF BSF BCF—{BSF

oN__ | ] L]

0 zfefe fo) o ]
TMRx_postscaled ‘ ‘ ‘ ‘

PWM Duty
Cycle

PWM Output

Note 1: BSF and BCF represent Bit-Set File and Bit-Clear File instructions executed by the CPU to
set or clear the ON bit of TXCON. CPU execution is asynchronous to the timer clock input.
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REGISTER 24-2: CCPRxL: CCPx LOW BYTE REGISTER

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
CCPR<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 Reset
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7-0 MODE = Capture Mode

CCPRxL<7:0>: LSB of captured TMR1 value

MODE = Compare Mode

CCPRxL<7:0>: LSB compared to TMR1 value

MODE = PWM Mode && FMT =0

CCPRxL<7:0>: CCPW<7:0> — Pulse width Least Significant eight bits
MODE = PWM Mode && FMT =1

CCPRxL<7:6>: CCPW<1:0> — Pulse width Least Significant two bits
CCPRxL<5:0>: Not used

REGISTER 24-3: CCPRxH: CCPx HIGH BYTE REGISTER

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
CCPR<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 Reset
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-0 MODE = Capture Mode

CCPRxH<7:0>: MSB of captured TMR1 value

MODE = Compare Mode

CCPRxH<7:0>: MSB compared to TMR1 value

MODE = PWM Mode && FMT =0

CCPRxH<7:2>: Not used

CCPRxH<1:0>: CCPW<9:8> — Pulse width Most Significant two bits
MODE = PWM Mode && FMT =1

CCPRxH<7:0>: CCPW<9:2> — Pulse width Most Significant eight bits

DS40001819B-page 320 © 2015-2016 Microchip Technology Inc.
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REGISTER 24-4: CCPxCAP: CCPx CAPTURE INPUT SELECTION REGISTER

u-0 uU-0 uU-0 uU-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— — — — CTS<3:.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 Reset
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7-4 Unimplemented: Read as ‘0’
bit 3-0 CTS<3:0>: Capture Trigger Input Selection bits

1101 = 10C_event
1100 = LC4_output
1011 = LC3_output
1010 = LC2_output
1001 = LC1_output
1000 = C8_sync_out®
0111 = C7_sync_out®
0110 = C6_sync_out
0101 = Cb5_sync_out
0100 = C4_sync_out
0011 = C3_sync_out
0010 = C2_sync_out
0001 = C1_sync_out
0000 = Pin selected with the CCPxPPS register

Note 1: PIC16LF1777/9 only.
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26.3 Offset Modes

The offset modes provide the means to adjust the
waveform of a slave PWM module relative to the wave-
form of a master PWM module in the same device.

26.3.1 INDEPENDENT RUN MODE

In Independent Run mode (OFM = 00), the PWM mod-
ule is unaffected by the other PWM modules in the
device. The PWMxTMR associated with the PWM
module in this mode starts counting as soon as the EN
bit associated with this PWM module is set and contin-
ues counting until the EN bit is cleared. Period events
reset the PWMxTMR to zero after which the timer con-
tinues to count.

A detailed timing diagram of this mode used with
Standard PWM mode is shown in Figure 26-8.

26.3.2 SLAVE RUN MODE WITH SYNC
START

In Slave Run mode with Sync Start (OFM = 01), the
slave PWMxTMR waits for the master's OF_match
event. When this event occurs, if the EN bit is set, the
PWMxTMR begins counting and continues to count
until software clears the EN bit. Slave period events
reset the PWMxTMR to zero after which the timer con-
tinues to count.

A detailed timing diagram of this mode used with
Standard PWM mode is shown in Figure 26-9.

26.3.3 ONE-SHOT SLAVE MODE WITH
SYNC START

In One-Shot Slave mode with Synchronous Start (OFM
= 10), the slave PWMxTMR waits until the master’s
OF_match event. The timer then begins counting, start-
ing from the value that is already in the timer, and con-
tinues to count until the period match event. When the
period event occurs the timer resets to zero and stops
counting. The timer then waits until the next master
OF_match event after which it begins counting again to
repeat the cycle.

A detailed timing diagram of this mode used with
Standard PWM mode is shown in Figure 26-10.

26.3.4 CONTINUOUS RUN SLAVE MODE
WITH SYNC START AND TIMER
RESET

In Continuous Run Slave mode with Synchronous Start
and Timer Reset (OFM = 11) the slave PWMxTMR is
inhibited from counting after the slave PWM enable is
set. The first master OF_match event starts the slave
PWMxTMR. Subsequent master OF match events
reset the slave PWMxTMR timer value back to 1 after
which the slave PWMxTMR continues to count. The
next master OF_match event resets the slave
PWMxTMR back to 1 to repeat the cycle. Slave period
events that occur before the master’s OF_match event

will reset the slave PWMxTMR to zero after which the
timer will continue to count. Slaves operating in this
mode must have a PWMxPH register pair value equal
to or greater than 1, otherwise the phase match event
will not occur precluding the start of the PWM output
duty cycle.

The offset timing will persist if both the master and
slave PWMxPR values are the same and the Slave
Offset mode is changed to Independent Run mode
while the PWM module is operating.

A detailed timing diagram of this mode used in
Standard PWM mode is shown in Figure 26-11.

Note: Unexpected results will occur if the slave
PWM_clock is a higher frequency than the

master PWM_clock.

26.3.5 OFFSET MATCH IN CENTER
ALIGNED MODE

When a master is operating in Center-Aligned mode
the offset match event depends on which direction the
PWMxTMR is counting. Clearing the OFO bit of the
PWMxOFCON register will cause the OF_match event
to occur when the timer is counting up. Setting the OFO
bit of the PWMxOFCON register will cause the
OF_match event to occur when the timer is counting
down. The OFO bit is ignored in Non-Center-Aligned
modes.

The OFO bit is double buffered and requires setting the
LDA bit to take effect when the PWM module is operat-
ing.

Detailed timing diagrams of Center-Aligned mode
using offset match control in Independent Slave with
Sync Start mode can be seen in Figure 26-12 and
Figure 26-13.

© 2015-2016 Microchip Technology Inc.
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TABLE 26-3: SUMMARY OF REGISTERS ASSOCIATED WITH PWM

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O Eﬁggzt;
OSCCON SPLLEN IRCF<3:0> = SCS<1:0> 116
PWMEN — — — — MPWM12EN® | MPWM11EN MPWMG6EN MPWM5EN 355
PWMLD — — — — MPWM12LD® MPWM11LD MPWM6LD MPWM5LD 355
PWMOUT — — — — MPWM120UT® | MPWM110UT | MPWM6OUT | MPWM50OUT 355
PWM5PHL PH<7:0> 350
PWM5PHH PH<15:8> 350
PWM5DCL DC<7:0> 351
PWM5DCH DC<15:8> 351
PWM5PRL PR<7:0> 352
PWM5PRH PR<15:8> 352
PWMS5OFL OF<7:0> 353
PWM50FH OF<15:8> 353
PWM5TMRL TMR<7:0> 354
PWM5TMRH TMR<15:8> 354
PWM5CON EN — ouT POL MODE<1:0> — — 345
PWMSINTE — — — — OFIE PHIE DCIE PRIE 346
PWMSINTF — — — — OFIF PHIF DCIF PRIF 346
PWMS5CLKCON — PS<2:0> — — CS<1:0> 347
PWMS5LDCON LDA LDT — — — — LDS<1:0> 348
PWM50OFCON — OFM<1:0> OFO — — OFS<1:0> 349
PWM6PHL PH<7:0> 350
PWM6PHH PH<15:8> 350
PWM6DCL DC<7:0> 351
PWM6DCH DC<15:8> 351
PWM6PRL PR<7:0> 352
PWM6PRH PR<15:8> 352
PWM6OFL OF<7:0> 353
PWM6OFH OF<15:8> 353
PWM6TMRL TMR<7:0> 354
PWM6TMRH TMR<15:8> 354
PWM6CON EN — ouT POL MODE<1:0> — — 345
PWMBGINTE — — — — OFIE PHIE DCIE PRIE 346
PWMBGINTF — — — — OFIF PHIF DCIF PRIF 346
PWM6CLKCON — PS<2:0> — — CS<1:0> 347
PWM6LDCON LDA LDT — — — — LDS<1:0> 348
PWMBOFCON — OFM<1:0> OFO — — OFS<1:0> 349
PWM11PHL PH<7:0> 350
PWM11PHH PH<15:8> 350
PWM11DCL DC<7:0> 351
PWM11DCH DC<15:8> 351
PWM11PRL PR<7:0> 352
PWM11PRH PR<15:8> 352
PWM110FL OF<7:0> 353
PWM110FH OF<15:8> 353
PWM11TMRL TMR<7:0> 354
PWM11TMRH TMR<15:8> 354
PWM11CON EN — ouT POL MODE<1:0> — — 345
PWM11INTE — — — — OFIE PHIE DCIE PRIE 346
PWM11INTF — — — — OFIF PHIF DCIF PRIF 346
PWM11CLKCON — PS<2:0> — — CS<1:0> 347
PWM11LDCON LDA LDT — — — — LDS<1:0> 348
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used by PWM.

Note 1:  PIC16(L)F1777/9 only.
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FIGURE 27-2: SIMPLIFIED COG BLOCK DIAGRAM (STEERED PWM MODE, MD = 0)
ASDAC<1:0>
q
0
Reserved —11 Hi-2
HFINTOSC —10 COG_clock COGKA
Fosc —01 ﬁ
Fosc/4 —00 =~
POLA SDATA
CS<1:0> Rising Input Block STRA ASDBD<1:0>
src15 clock ‘1'—11
. Reset Dominates ‘0'—110
Rising event sources o Hi-Z—01
See Register 27-3 and ¢ rising_event S Q 00
Register 27-4. ° COGxB
srcO —R Q —‘
count_en | POLB SDATB
STRB ASDAC<1:0>
Falling Input Block
‘ 11
clock |-e— ‘ 10
src15 Hi-z—01
Falling event sources 00
See Register 27-7 and :
Register 27-8. falling_eventf—— s~ | coexC
— g srcO |j
count_en |- POLC SDATC
STRC ASDBD<1:0> —l
EN D
Source 7 COGXD
ASTE "—’_)
Shutdown sources @ POLD SDATD
See Register 27-12. Auto-shutdown source STRD

Source 0
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28.6 Register Definitions: CLC Control

Long bit name prefixes for the CLC peripherals are
shown in Table 28-3. Refer to Section 1.1 “Register
and Bit naming conventions” for more information

TABLE 28-3:
Peripheral Bit Name Prefix
CLC1 LC1
CLC2 LC2
CLC3 LC3
CLC4 LC4

REGISTER 28-1: CLCxCON: CONFIGURABLE LOGIC CELL CONTROL REGISTER

R/W-0/0 U-0 R-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
EN — ouT INTP INTN MODE<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 EN: Configurable Logic Cell Enable bit

1 = Configurable logic cell is enabled and mixing input signals
0 = Configurable logic cell is disabled and has logic zero output

bit 6 Unimplemented: Read as ‘0’
bit 5 OUT: Configurable Logic Cell Data Output bit
Read-only: logic cell output data, after POL; sampled from Icx_out wire.
bit 4 INTP: Configurable Logic Cell Positive Edge Going Interrupt Enable bit
1 = CLCxIF will be set when a rising edge occurs on Icx_out
0 = CLCxIF will not be set
bit 3 INTN: Configurable Logic Cell Negative Edge Going Interrupt Enable bit
1 = CLCxIF will be set when a falling edge occurs on Icx_out
0 = CLCxIF will not be set
bit 2-0 MODE<2:0>: Configurable Logic Cell Functional Mode bits

111 = Cell is 1-input transparent latch with S and R
110 = Cell is J-K flip-flop with R

101 = Cell is 2-input D flip-flop with R

100 = Cell is 1-input D flip-flop with S and R

011 = Cell is S-R latch

010 = Cell is 4-input AND

001 = Cell is OR-XOR

000 = Cell is AND-OR

© 2015-2016 Microchip Technology Inc. DS40001819B-page 397
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33.1 EUSART Asynchronous Mode

The EUSART transmits and receives data using the
standard non-return-to-zero (NRZ) format. NRZ is
implemented with two levels: a VOH Mark state which
represents a ‘1’ data bit, and a VoL Space state which
represents a ‘0’ data bit. NRZ refers to the fact that
consecutively transmitted data bits of the same value
stay at the output level of that bit without returning to a
neutral level between each bit transmission. An NRZ
transmission port idles in the Mark state. Each character
transmission consists of one Start bit followed by eight
or nine data bits and is always terminated by one or
more Stop bits. The Start bit is always a space and the
Stop bits are always marks. The most common data
format is eight bits. Each transmitted bit persists for a
period of 1/(baud rate). An on-chip dedicated 8-bit/16-bit
Baud Rate Generator is used to derive standard baud
rate frequencies from the system oscillator. See
Table 33-5 for examples of baud rate configurations.

The EUSART transmits and receives the LSb first. The
EUSART's transmitter and receiver are functionally
independent, but share the same data format and baud
rate. Parity is not supported by the hardware, but can
be implemented in software and stored as the ninth
data bit.

33.1.1 EUSART ASYNCHRONOUS
TRANSMITTER

The EUSART transmitter block diagram is shown in
Figure 33-1. The heart of the transmitter is the serial
Transmit Shift Register (TSR), which is not directly
accessible by software. The TSR obtains its data from
the transmit buffer, which is the TXxREG register.

33.1.1.1 Enabling the Transmitter

The EUSART transmitter is enabled for asynchronous
operations by configuring the following three control
bits:

« TXEN=1
+ SYNC=0
« SPEN=1

All other EUSART control bits are assumed to be in
their default state.

Setting the TXEN bit of the TXxSTA register enables the
transmitter circuitry of the EUSART. Clearing the SYNC
bit of the TXxSTA register configures the EUSART for
asynchronous operation. Setting the SPEN bit of the
RCxSTA register enables the EUSART and
automatically configures the TX/CK I/O pin as an output.
If the TX/CK pin is shared with an analog peripheral, the
analog /O function must be disabled by clearing the
corresponding ANSEL bit.

Note:  The TXIF Transmitter Interrupt flag is set
when the TXEN enable bit is set.

33.1.1.2

A transmission is initiated by writing a character to the
TXXREG register. If this is the first character, or the
previous character has been completely flushed from
the TSR, the data in the TXxREG is immediately
transferred to the TSR register. If the TSR still contains
all or part of a previous character, the new character
data is held in the TXxREG until the Stop bit of the
previous character has been transmitted. The pending
character in the TXXREG is then transferred to the TSR
in one Tcy immediately following the Stop bit
transmission. The transmission of the Start bit, data bits
and Stop bit sequence commences immediately
following the transfer of the data to the TSR from the
TXxREG.

Transmitting Data

33.1.1.3

The polarity of the transmit data can be controlled with
the SCKP bit of the BAUDXCON register. The default
state of this bit is ‘0’, which selects high true transmit idle
and data bits. Setting the SCKP bit to ‘1’ will invert the
transmit data resulting in low true idle and data bits. The
SCKP bit controls transmit data polarity in
Asynchronous mode only. In Synchronous mode, the
SCKP bit has a different function. See Section 33.5.1.2
“Clock Polarity”.

Transmit Data Polarity

33.1.14 Transmit Interrupt Flag

The TXIF interrupt flag bit of the PIR1 register is set
whenever the EUSART transmitter is enabled and no
character is being held for transmission in the TXxREG.
In other words, the TXIF bit is only clear when the TSR
is busy with a character and a new character has been
queued for transmission in the TXxREG. The TXIF flag
bit is not cleared immediately upon writing TXXREG.
TXIF becomes valid in the second instruction cycle
following the write execution. Polling TXIF immediately
following the TXxREG write will return invalid results.
The TXIF bit is read-only, it cannot be set or cleared by
software.

The TXIF interrupt can be enabled by setting the TXIE
interrupt enable bit of the PIE1 register. However, the
TXIF flag bit will be set whenever the TXXREG is
empty, regardless of the state of the TXIE enable bit.

To use interrupts when transmitting data, set the TXIE
bit only when there is more data to send. Clear the
TXIE interrupt enable bit upon writing the last character
of the transmission to the TXxREG.

© 2015-2016 Microchip Technology Inc.
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TABLE 33-5: BAUD RATES FOR ASYNCHRONOUS MODES (CONTINUED)
SYNC =0,BRGH=1,BRG16=0
BAUD Fosc = 8.000 MHz Fosc = 4.000 MHz Fosc = 3.6864 MHz Fosc = 1.000 MHz
RATE Actual % SS:IBUEG Actual % SS:EEG Actual % Ss:EEG Actual % SS:E‘:G
Rate Error (decimal) Rate Error (decimal) Rate Error (decimal) Rate Error (decimal)
300 — — — — — — — — — 300 0.16 207
1200 — — — 1202 0.16 207 1200 0.00 191 1202 0.16 51
2400 2404 0.16 207 2404 0.16 103 2400 0.00 95 2404 0.16 25
9600 9615 0.16 51 9615 0.16 25 9600 0.00 23 — — —
10417 | 10417 0.00 47 10417 0.00 23 10473 0.53 21 10417 0.00 5
19.2k 19231 0.16 25 19.23k  0.16 12 19.2k 0.00 11 — — —
57.6k 55556  -3.55 8 — — — 57.60k  0.00 3 — — —
115.2k — — — — — — 115.2k  0.00 1 — — —
SYNC =0,BRGH =0,BRG16=1
BAUD Fosc = 32.000 MHz Fosc = 20.000 MHz Fosc = 18.432 MHz Fosc = 11.0592 MHz
RATE Actual % SS;EEG Actual % Ssgﬁze Actual % SS;:?JEG Actual % SS;EEG
Rate Error (decimal) Rate Error (decimal) Rate Error (decimal) Rate Error (decimal)
300 300.0 0.00 6666 300.0 -0.01 4166 300.0 0.00 3839 300.0 0.00 2303
1200 1200 -0.02 3332 1200 -0.03 1041 1200 0.00 959 1200 0.00 575
2400 2401 -0.04 832 2399 -0.03 520 2400 0.00 479 2400 0.00 287
9600 9615 0.16 207 9615 0.16 129 9600 0.00 119 9600 0.00 71
10417 | 10417 0.00 191 10417 0.00 119 10378  -0.37 110 10473 0.53 65
19.2k | 19.23k  0.16 103 19.23k  0.16 64 19.20k  0.00 59 19.20k  0.00 35
57.6k | 57.14k -0.79 34 56.818 -1.36 21 57.60k  0.00 19 57.60k  0.00 11
115.2k | 117.6k 212 16 113.636 -1.36 10 1152k 0.00 9 115.2k 0.00 5
SYNC =0,BRGH=0,BRG16 =1
BAUD Fosc = 8.000 MHz Fosc = 4.000 MHz Fosc = 3.6864 MHz Fosc = 1.000 MHz
RATE Actual % SS;EEG Actual % Ssgﬁze Actual % SS;:?JEG Actual % SS;EEG
Rate Error (decimal) Rate Error (decimal) Rate Error (decimal) Rate Error (decimal)
300 299.9 -0.02 1666 300.1 0.04 832 300.0 0.00 767 300.5 0.16 207
1200 1199 -0.08 416 1202 0.16 207 1200 0.00 191 1202 0.16 51
2400 2404 0.16 207 2404 0.16 103 2400 0.00 95 2404 0.16 25
9600 9615 0.16 51 9615 0.16 25 9600 0.00 23 — — —
10417 | 10417 0.00 47 10417 0.00 23 10473 0.53 21 10417 0.00 5
19.2k | 19.23k 0.16 25 19.23k  0.16 12 19.20k  0.00 11 — — —
57.6k 55556  -3.55 8 — — — 57.60k  0.00 3 — — —
115.2k — — — — — — 115.2k  0.00 1 — — —
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33.6 EUSART Operation During Sleep

The EUSART will remain active during Sleep only in the
Synchronous Slave mode. All other modes require the
system clock and therefore cannot generate the neces-
sary signals to run the Transmit or Receive Shift
registers during Sleep.

Synchronous Slave mode uses an externally generated
clock to run the Transmit and Receive Shift registers.

33.6.1 SYNCHRONOUS RECEIVE DURING
SLEEP

To receive during Sleep, all the following conditions
must be met before entering Sleep mode:

* RCxSTA and TXxSTA Control registers must be
configured for Synchronous Slave Reception (see
Section 33.5.2.4 “Synchronous Slave
Reception Set-up:”).

« Ifinterrupts are desired, set the RCIE bit of the
PIE1 register and the GIE and PEIE bits of the
INTCON register.

» The RCIF interrupt flag must be cleared by read-
ing RCxREG to unload any pending characters in
the receive buffer.

Upon entering Sleep mode, the device will be ready to
accept data and clocks on the RX/DT and TX/CK pins,
respectively. When the data word has been completely
clocked in by the external device, the RCIF interrupt
flag bit of the PIR1 register will be set. Thereby, waking
the processor from Sleep.

Upon waking from Sleep, the instruction following the
SLEEP instruction will be executed. If the Global
Interrupt Enable (GIE) bit of the INTCON register is
also set, then the Interrupt Service Routine at address
004h will be called.

33.6.2 SYNCHRONOUS TRANSMIT
DURING SLEEP

To transmit during Sleep, all the following conditions
must be met before entering Sleep mode:

* The RCxSTA and TXxSTA Control registers must
be configured for synchronous slave transmission
(see Section 33.5.2.2 “Synchronous Slave
Transmission Set-up:”).

* The TXIF interrupt flag must be cleared by writing
the output data to the TXXREG, thereby filling the
TSR and transmit buffer.

« If interrupts are desired, set the TXIE bit of the
PIE1 register and the PEIE bit of the INTCON
register.

* Interrupt enable bits TXIE of the PIE1 register and
PEIE of the INTCON register must set.

Upon entering Sleep mode, the device will be ready to
accept clocks on TX/CK pin and transmit data on the
RX/DT pin. When the data word in the TSR has been
completely clocked out by the external device, the
pending byte in the TXxREG will transfer to the TSR
and the TXIF flag will be set. Thereby, waking the pro-
cessor from Sleep. At this point, the TXXREG is avail-
able to accept another character for transmission,
which will clear the TXIF flag.

Upon waking from Sleep, the instruction following the
SLEEP instruction will be executed. If the Global
Interrupt Enable (GIE) bit is also set then the Interrupt
Service Routine at address 0004h will be called.

© 2015-2016 Microchip Technology Inc.
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34.0 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
bidirectional 1/0 used for transferring the serial data
and the ICSPCLK pin is the clock input. For more
information on ICSP™ refer to the “PIC16(L)F177X
Memory Programming Specification” (DS40001792).

34.1 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.

34.2 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 low-voltage ICSP programming
entry 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.

34.3 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 34-1.
FIGURE 34-1: ICD RJ-11 STYLE
CONNECTOR INTERFACE

® ICSPDAT
4/6 _NC

© O __|CSPCLK
Target
PC Board
Bottom Side

()
VoD 2
——0
000
/1 N5

VPP/MCLR \ss

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 34-2.

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 34-3 for more
information.
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MOVIW Move INDFn to W MOVLP Move literal to PCLATH
Syntax: [ label ] MOVIW ++FSRn Syntax: [ label ] MOVLP k
[ label | MOVIW --FSRn Operands: 0<k<127
[ label ] MOVIW FSRn++ )
[ label ] MOVIW FSRn-- Operation: k —» PCLATH
[ label | MOVIW K[FSRn] Status Affected: None
Operands: ne[0,1] Description: The 7-bit literal 'k’ is loaded into the
mm e [00,01, 10, 11] PCLATH register.
-32 <k <31
Operation: INDFn - W
Effective address is determined by MOVLW Move literal to W
* FSR + 1 (preincrement) -
- FSR- 1 (predecrement) Syntax: [label] MOVLW k
* FSR + k (relative offset) Operands: 0<k<255
gftt:;:he Move, the FSR value will be Operation: K = (W)
« FSR + 1 (all increments) Status Affected: None
+ FSR -1 (all decrements) Description: The 8-bit literal 'k’ is loaded into W reg-
* Unchanged ister. The “don’t cares” will assemble as
Status Affected: 4 ‘0’s.
Words: 1
Mode Syntax mm Cycles: 1
Preincrement ++FSRn 00 Example: MWLW  Ox5A
Predecrement --FSRn 01 After Instruction
. W = Ox5A
Postincrement FSRn++ 10
Postdecrement FSRn-- 11
MOVWEF Move W to f
Syntax: label] MOVWF f
Description: This instruction is used to move data yniax [ ]
between W and one of the indirect Operands: 0<f<127
registers (INDFn). Before/after this Operation: (W) > (f)
move, the pointer (FSRn) is updated by )
pre/post incrementing/decrementing it. Status Affected: None
Description: Move data from W register to register
Note: The INDFn registers are not .
physical registers. Any instruction that Words: 1
accesses an INDFn register actually '
accesses the register at the address Cycles: 1
specified by the FSRn. Example: MOWE  OPTI ON_REG
. Before Instruction
FSRn is limited to the range 0000h - _
FFFFh. Incrementing/decrementing it OPTION—RE\?V__ %XT;
beyond these bounds will cause it to After Instruction =X
- d.
wrap-aroun OPTION_REG = Ox4F
W = 0x4F
MOVLB Move literal to BSR
Syntax: [ label ] MOVLB k
Operands: 0<k<31
Operation: k - BSR
Status Affected: None
Description: The 5-bit literal 'k’ is loaded into the

Bank Select Register (BSR).
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FIGURE 36-15: EUSART SYNCHRONOUS TRANSMISSION (MASTER/SLAVE) TIMING

o« A N

—= 'e—US121—> ' = US121

oT D Ded
— '<— US120 —, «— US122
Note: Refer to Figure 36-4 for load conditions.

TABLE 36-23: EUSART SYNCHRONOUS TRANSMISSION REQUIREMENTS

Standard Operating Conditions (unless otherwise stated)
Pa’\:gm. Symbol Characteristic Min. Max. Units Conditions
US120 | TckH2DTV SYNC XMIT (Master and Slave) — 80 ns |3.0V<VDD<55V
Clock high to data-out valid _ 100 ns |1.8V < VDD <55V
US121 | TCKRF Clock out rise time and fall time — 45 ns |3.0V<VDD<55V
(Master mode) — 50 ns |1.8V < VDD <55V
US122 | TDTRF Data-out rise time and fall time — 45 ns |3.0V<VDD<55V
— 50 ns |1.8V<VDD<5.5V

FIGURE 36-16: EUSART SYNCHRONOUS RECEIVE (MASTER/SLAVE) TIMING

TN

_US125 |
|<—.: \
DT X ' X

|-———US126——»

Note: Refer to Figure 36-4 for load conditions.

TABLE 36-24: EUSART SYNCHRONOUS RECEIVE REQUIREMENTS

Standard Operating Conditions (unless otherwise stated)

Pa’\rlgm. Symbol Characteristic Min. Max. | Units Conditions
US125 | ToTV2cKL | SYNC RCV (Master and Slave)

Data-setup before CK | (DT hold time) 10 — ns
US126 | TckL2DTL | Data-hold after CK 4 (DT hold time) 15 — ns
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