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PIC16(L)F1777/8/9

TABLE 1-2: PIC16(L)F1778 PINOUT DESCRIPTION (CONTINUED)

Name Function I_Ir_lyppuet O#;S:t Description
RA3/AN3/VREF+/DAC1REF0+/ RA3 TTL/ST | CMOS | General purpose /0.
DAC2REF0+/DAC3REF0+/ AN3 AN — | ADC channel 3 input.
DAC4REFO0+/DAC5REFO0+/ —
DAC7REF0+/C1IN1+/MD1CL VREF+ AN — ADC positive reference.

DAC1REFO0+ AN — DACH1 positive reference.
DAC2REFO0O+ AN — DAC2 positive reference.
DAC3REFO+ AN — DACS3 positive reference.
DAC4REFO+| AN — DACA4 positive reference.
DAC5REF0+ AN — DACS positive reference.
DAC7REF0+ AN — DACY positive reference.
C1IN1+ AN — Comparator 1 positive input.
MD1CL®D | TTL/ST — Data signal modulator 1 low carrier input.
RA4/OPA1INO+/PRG1R/ RA4 TTL/ST | CMOS | General purpose I/O.
MD1CH/DAC4OUT1/TOCKI OPA1INO+ AN — Operational Amplifier 1 non-inverting input.
PRGI1R® | TTL/ST — Ramp generator set_rising input.
MD1CH® | TTL/ST — Data signal modulator 1 high carrier input.
DAC40UT1 — AN DACA4 voltage output.
ToCcKI® | TTL/ST| — | Timer0 clock input.
RA5/AN4/OPA1INO-/ RA5 TTL/ST | CMOS | General purpose /0.
DAC20UT1/PRG1F/ AN4 AN — | ADC Channel 4 input.
MD1MOD/SS - — - P
OPA1INO- AN — Operational amplifier 1 inverting input.
DAC20UT1 — AN DAC2 voltage output.
PRG1F® | TTL/ST — Ramp generator set_falling input.
MD1MODW | TTL/ST — Data signal modulator modulation input.
SS ST — Slave Select input.
RA6/CLKOUT/C6IN1+/0OSC2 RA6 TTL/ST | CMOS | General purpose I/O.
CLKOUT — CMOS | Fosc/4 output.
C6IN1+ AN — Comparator 6 positive input.
0SC2 XTAL — Crystal/Resonator (LP, XT, HS modes).
RA7/CLKIN/OSC1 RA7 TTL/ST | CMOS | General purpose /0.
CLKIN TTLST| — CLC input.
OSC1 XTAL — Crystal/Resonator (LP, XT, HS modes).
RBO/AN12/ZCD/HIBO/C2IN1+/ RBO TTL/ST | CMOS | General purpose I/O.
COG1IN AN12 AN — | ADC Channel 12 input.
ZCD AN — Zero-cross detection input.
HIBO HP HP | High-Power output.
C2IN1+ AN — Comparator 2 positive input.
COG1IND | TTL/ST — Complementary output generator 1 input.

Legend: AN = Analog input or output CMOS=
TTL = TTL compatible input ST
HP = High Power XTAL

Note 1:

CMOS compatible input or output
Schmitt Trigger input with CMOS levels 12c

Crystal levels

OD = Open-Drain

= Schmitt Trigger input with 1’c

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.

© 2015-2016 Microchip Technology Inc.
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PIC16(L)F1777/8/9

TABLE 6-5: SUMMARY OF REGISTERS ASSOCIATED WITH RESETS

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Sﬁgp'zt;
BORCON | SBOREN | BORFS — — — — — BORRDY 121
PCON STKOVF | STKUNF — RWDT | RMCLR RI POR BOR 125
STATUS — — — TO PD z DC C 40
WDTCON — — WDTPS<4:0> SWDTEN 154
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used by Resets.
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PIC16(L)F1777/8/9

REGISTER 11-20: LATC: PORTC DATA LATCH REGISTER

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
LATC7 LATC6 LATCS LATCA4 LATC3 LATC2 LATCA 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

REGISTER 11-21: ANSELC: PORTC ANALOG SELECT REGISTER

R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 u-0 uU-0
ANSC7 ANSC6 ANSC5 ANSC4 ANSC3 ANSC2 — —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7-2 ANSC<7:2>: Analog Select between Analog or Digital Function on pins RC<7:2>(1)

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

bit 1-0 Unimplemented: Read as ‘0’

Note 1: When setting a pin to an analog input, the corresponding TRIS bit must be set to Input mode in order to
allow external control of the voltage on the pin.

© 2015-2016 Microchip Technology Inc. DS40001819B-page 187



PIC16(L)F1777/8/9

TABLE 12-1: PPS INPUT REGISTER RESET VALUES
Default Pin Reset Value Port Selection Port Selection
Peripheral ézgip:t’: Selection (xxxPPS<5:0>) PIC16(L)F1777/9 PIC16(L)F1778
PIC16(L)F1777/8/9 | PIC16(L)F1777/8/9 B C D E A B C
Interrupt-on-change | INTPPS RBO 001000 ° ° .
TimerOclock TOCKIPPS RA4 000100 . . o
Timer1clock T1CKIPPS RCO 010000 . . .
Timer1 gate T1GPPS RB5 001101 ° ° . .
Timer3 clock T3CKIPPS RCO 010000 . . o o
Timer3 gate T3GPPS RCO 010000 ° ° .
Timer5 clock T5CKIPPS RC2 010010 ° ° .
Timer5 gate T5GPPS RB4 001100 ° ° ° °
Timer2 input T2INPPS RC3 010011 . . o
Timer4 input T4INPPS RC5 010101 . . o o
Timer6 input TBINPPS RB7 001111 ° . . .
Timer8 input T8INPPS RC4 010100 . o o o
CCP1 CCP1PPS RC2 010010 ° ° ° °
CcCcP2 CCP2PPS RC1 010001 . . o o
CCP7 CCP7PPS RB5 001101 ° ° ° °
ccps® CCP8PPS RBO 001000 . o . .
COG1 COG1INPPS RBO 001000 . o o o
COG2 COG2INPPS RB1 001001 . o o o
COG3 COG3INPPS RB2 001010 . o o o
cog4® COG4INPPS RB3 001011 . o
DSM1 low carrier MD1CLPPS RA3 000011 . ° .
DSM1 high carrier | MD1CHPPS RA4 000100 o . o
DSM1 modulation | MD1MODPPS RAS5 000101 o . o
DSM2 low carrier MD2CLPPS RC3 010011 . ° .
DSM2 high carrier | MD2CHPPS RC4 010100 o . o
DSM2 modulation | MD2MODPPS RC5 010101 o . o
DSM3 low carrier MD3CLPPS RB3 001011 ° . . .
DSMS3 high carrier | MD3CHPPS RB4 001100 . o o o
DSM3 modulation | MD3MODPPS RB5 001101 . o o o
DSM4 low carrierd) | MD4CLPPS RBO 001000 . .
DSM4 high carriert) | MD4CHPPS RB1 001001 . o
DSM4 modulation® | MD4MODPPS RB2 001010 . o
PRG1 set rising PRG1RPPS RA4 000100 o . o
PRG1 set falling PRG1FPPS RAS5 000101 o . o
PRG?2 set rising PRG2RPPS RC1 010001 o . o
PRG2 set falling PRG2FPPS RC2 010010 o . o
PRGS3 set rising PRG3RPPS RC4 010100 . o o o
PRGS3 set falling PRG3FPPS RC5 010101 . o o o
PRG4 set rising® | PRG4RPPS RB1 010100 . o
PRG4set faling® | PRG4FPPS RB2 010101 o o
ADC trigger ADCACTPPS RB4 001100 . o o o

Example: CCP1PPS = 0x13 selects RC3 as the CCP1 input.

Note 1:

PIC16(L)F1777/9 only

© 2015-2016 Microchip Technology Inc.
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PIC16(L)F1777/8/9

TABLE 12-3: SUMMARY OF REGISTERS ASSOCIATED WITH THE PPS MODULE (CONTINUED)

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 E;’g‘iz;e;
CLC1IN1PPS — — CLCIN1PPS<5:0> 205
CLC1IN2PPS — — CLCIN2PPS<5:0> 205
CLC1IN3PPS — — CLCIN3PPS<5:0> 205
ADCACTPPS — — ADCACTPPS<5:0> 205
SSPCLKPPS — — SSPCLKPPS<5:0> 205
SSPDATPPS — — SSPDATPPS<5:0> 205
SSPSSPPS — — SSPSSPPS<5:0> 205
RXPPS — — RXPPS<5:0> 205
CKPPS — — CKPPS<5:0> 205
Legend: — =unimplemented, read as ‘0’. Shaded cells are unused by the PPS module.

Note 1: PIC16(L)F1777/9 only.
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FIGURE 13-1: INTERRUPT-ON-CHANGE BLOCK DIAGRAM (PORTA EXAMPLE)
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REGISTER 13-12: IOCEF: INTERRUPT-ON-CHANGE PORTE FLAG REGISTER

uU-0 uU-0 uU-0 uU-0 R/W/HS-0/0 uU-0 uU-0 uU-0
— — — — IOCEF3 — — —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared HS - Bit is set in hardware
bit 7-4 Unimplemented: Read as ‘0’
bit 3 IOCEF3: Interrupt-on-Change PORTE Flag bits

1 = An enabled change was detected on the associated pin.
Set when IOCEPx = 1 and a rising edge was detected on REx, or when IOCENx = 1 and a falling
edge was detected on REx.

0 = No change was detected, or the user cleared the detected change.

bit 2-0 Unimplemented: Read as ‘0’

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 Ssgpi:l;eé
ANSELA — — ANSA5 ANSA4 ANSA3 ANSA2 ANSA1 ANSAO 177
ANSELB — — ANSB5 ANSB4 ANSB3 ANSB2 ANSB1 ANSBO 182
ANSELC ANSC7 ANSC6 ANSC5 ANSC4 ANSC3 ANSC2 — — 187
INTCON GIE PEIE TMROIE INTE I0CIE TMROIF INTF IOCIF 132
IOCAF IOCAF7 IOCAF6 IOCAF5 IOCAF4 IOCAF3 IOCAF2 IOCAF1 IOCAFO 216
IOCAN IOCAN7 IOCANG IOCANS IOCAN4 IOCAN3 IOCAN2 IOCAN1 IOCANO 215
IOCAP IOCAP7 IOCAP6 IOCAP5 IOCAP4 IOCAP3 IOCAP2 IOCAP1 IOCAPO 215
IOCBF IOCBF7 IOCBF6 IOCBF5 IOCBF4 IOCBF3 IOCBF2 IOCBF1 IOCBFO 217
IOCBN IOCBN7 IOCBNG6 IOCBN5 IOCBN4 IOCBN3 IOCBN2 IOCBN1 IOCBNO 216
I0CBP I0CBP7 I0CBP6 IOCBP5 I0CBP4 I0CBP3 I0CBP2 I0CBP1 I0CBPO 216
IOCCF IOCCF7 IOCCF6 IOCCF5 IOCCF4 IOCCF3 IOCCF2 IOCCF1 IOCCFO0 218
IOCCN IOCCN7 IOCCN6 IOCCN5 | IOCCN4 | IOCCN3 | IOCCN2 | IOCCN1 IOCCNO 218
IOCCP IOCCP7 IOCCP6 IOCCP5 | IOCCP4 | IOCCP3 | IOCCP2 | IOCCP1 10CCPO 218
IOCEP — — — — IOCEP3 — — — 219
IOCEN — — — — IOCEN3 — — — 219
IOCEF — — — — IOCEF3 — — — 220
TRISA TRISA7 TRISA6 TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISAO 176
TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO 181
TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISCO 186
TRISE — — — — —@ | TRISE2® | TRISE1® | TRISEQ® 199
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used by interrupt-on-change.

Note 1: Unimplemented, read as ‘1'.
2:  Unimplemented on PIC16(L)F1778.
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PIC16(L)F1777/8/9

20.2 ZCD Logic Output

The ZCD module includes a Status bit, which can be
read to determine whether the current source or sink is
active. The OUT bit of the ZCDCON register is set
when the current sink is active, and cleared when the
current source is active. The OUT bit is affected by the
polarity bit.

20.3 ZCD Logic Polarity

The POL bit of the ZCDxCON register inverts the OUT
bit relative to the current source and sink output. When
the POL bit is set, a OUT high indicates that the current
source is active, and a low output indicates that the
current sink is active.

The POL bit affects the ZCD interrupts. See
Section 20.4 “ZCD Interrupts”.

20.4 ZCD Interrupts

An interrupt will be generated upon a change in the
ZCD logic output when the appropriate interrupt
enables are set. A rising edge detector and a falling
edge detector are present in the ZCD for this purpose.

The ZCDIF bit of the PIR3 register will be set when
either edge detector is triggered and its associated
enable bit is set. The INTP enables rising edge inter-
rupts and the INTN bit enables falling edge interrupts.
Both are located in the ZCDxCON register.

To fully enable the interrupt, the following bits must be
set:
« ZCDIE bit of the PIE3 register
* INTP bit of the ZCDxCON register
(for a rising edge detection)
* INTN bit of the ZCDxCON register
(for a falling edge detection)
» PEIE and GIE bits of the INTCON register

Changing the POL bit will cause an interrupt, regard-
less of the level of the EN bit.

The ZCDIF bit of the PIR3 register must be cleared in
software as part of the interrupt service. If another edge
is detected while this flag is being cleared, the flag will
still be set at the end of the sequence.

20.5 Correcting for ZcpPiNnv Offset

The actual voltage at which the ZCD switches is the
reference voltage at the non-inverting input of the ZCD
op amp. For external voltage source waveforms other
than square waves this voltage offset from zero causes
the zero-cross event to occur either too early or too
late.

20.5.1 CORRECTION BY AC COUPLING

When the external voltage source is sinusoidal, the
effects of the ZCPINV offset can be eliminated by
isolating the external voltage source from the ZCD pin
with a capacitor in addition to the voltage reducing
resistor. The capacitor will cause a phase shift resulting
in the ZCD output switch in advance of the actual
zero-crossing event. The phase shift will be the same
for both rising and falling zero crossings, which can be
compensated for by either delaying the CPU response
to the ZCD switch by a timer or other means, or
selecting a capacitor value large enough that the phase
shift is negligible.

To determine the series resistor and capacitor values
for this configuration, start by computing the
impedance, Z, to obtain a peak current of 300 pA. Next,
arbitrarily select a suitably large non-polar capacitor
and compute its reactance, X, at the external voltage
source frequency. Finally, compute the series resistor,
capacitor peak voltage, and phase shift by the formulas
shown in Equation 20-2.

DS40001819B-page 266
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EQUATION 20-2: R-C CALCULATIONS

Vpeak = external voltage source peak voltage
f = external voltage source frequency

C = series capacitor

R = series resistor

V. = Peak capacitor voltage

¢

= Capacitor induced zero crossing phase
advance in radians

T¢ = Time ZC event occurs before actual zero
crossing
Z - VPEAK
3x107
-1
¢ (2rfC)
R=,Z°-X

V. = X(3x107h

X
o= Tan ()
- _¢
To = (2nf)
Vims =120

EQUATION 20-3: R-C CALCULATIONS
EXAMPLE

Vopeak = Vims: +/2 = 169.7

f  =60Hz
C =04y
Vpeak 169.7
z = —beak o = 565.7 kOhms
3x10* 3x10
1 1 = 2653 kOhms

¢ (2nfC) (27.60.1-107)

R = 560 kOhms
_ 2 N . .
Z, = J(R™+X.%)= 560.6 kOhm (using actua resistor)

Vv
| = Rk = 35p7.107°
peak ZR

Ve = Xe lpear = 80V

_1/X
¢ = Tan 1(%) = 0.047 radians

_ 9 _
Ty = op 1256 ks

© 2015-2016 Microchip Technology Inc.
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23.6.8 LEVEL RESET, EDGE-TRIGGERED
HARDWARE LIMIT ONE-SHOT
MODES

In Level -Triggered One-Shot mode the timer count is
reset on the external signal level and starts counting

on the rising/falling edge of the transition from Reset

level to the active level while the ON bit is set. Reset

levels are selected as follows:

* Low Reset level (MODE<4:0>=01110)

» High Reset level (MODE<4:0>=01111)

When the timer count matches the PRx period count,
the timer is reset and the ON bit is cleared. When the
ON bit is cleared by either a PRx match or by software
control a new external signal edge is required after the
ON bit is set to start the counter.

When Level-Triggered Reset One-Shot mode is used
in conjunction with the CCP PWM operation the PWM
drive goes active with the external signal edge that
starts the timer. The PWM drive goes inactive when the
timer count equals the CCPRx pulse width count. The
PWM drive does not go active when the timer count
clears at the PRx period count match.

© 2015-2016 Microchip Technology Inc. DS40001819B-page 299
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24.6 CCP/PWM Clock Selection

This device allows each individual CCP and PWM
module to select the timer source that controls the
module. Each module has an independent selection.

As there are four 8-bit timers with auto-reload (Timer2,
Timer4, Timer6 and Timer8). The PWM mode on the
CCP and 10-bit PWM modules can use any of these

timers.

The CCPTMRS register is used to select which timer is

used.

24.7 Register Definitions: CCP/PWM Timers Control

REGISTER 24-5:

CCPTMRS1: PWM TIMER SELECTION CONTROL 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
C8TSEL<1:0>(D) C7TSEL<1:0> C2TSEL<1:0> C1TSEL<1:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1" = Bit is set ‘0’ = Bit is cleared
bit 7-6 C8TSEL<1:0>: CCP8 (PWMS8) Timer Selection bits™)
11 = CCP8 is based off Timer8 in PWM mode
10 = CCP8 is based off Timer6 in PWM mode
01 = CCP8is based off Timer4 in PWM mode
00 = CCP8 is based off Timer2 in PWM mode
bit 5-4 C7TSEL<1:0>: CCP7 (PWM7) Timer Selection bits
11 = CCP?7 is based off Timer8 in PWM mode
10 = CCP7 is based off Timer6 in PWM mode
01 = CCP7 is based off Timer4 in PWM mode
00 = CCP7 is based off Timer2 in PWM mode
bit 3-2 C2TSEL<1:0>: CCP2 (PWM2) Timer Selection bits
11 = CCP2 is based off Timer8 in PWM mode
10 = CCP2 is based off Timer6 in PWM mode
01 = CCP2is based off Timer4 in PWM mode
00 = CCP2 is based off Timer2 in PWM mode
bit 1-0 C1TSEL<1:0>: CCP1 (PWM1) Timer Selection bits

11 = CCP1 is based off Timer8 in PWM mode
10 = CCP1 is based off Timer6 in PWM mode
01 = CCP1 is based off Timer4 in PWM mode
00 = CCP1 is based off Timer2 in PWM mode

Note 1: PIC16(L)F1777/9 only.
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REGISTER 24-6:

CCPTMRS2: PWM TIMER SELECTION CONTROL REGISTER 2

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
P10TSEL<1:0>(1) POTSEL<1:0> P4TSEL<1:0> P3TSEL<1:0>
bit 7 bit 0
Legend:

R = Readable bit
u = Bit is unchanged

1’ = Bit is set

W = Writable bit
x = Bit is unknown
‘0’ = Bit is cleared

U = Unimplemented bit, read as ‘0’
-n/n = Value at POR and BOR/Value at all other Resets

bit 7-6

bit 5-4

bit 3-2

bit 1-0

Note 1:

P10TSEL<1:0>: PWM10 Timer Selection bits™)

11 = PWM10 is based off Timer8 in PWM mode
10 = PWM10 is based off Timer6 in PWM mode
01 = PWM10 is based off Timer4 in PWM mode
00 = PWMA10 is based off Timer2 in PWM mode

POTSEL<1:0>: PWM9 Timer Selection bits

11 = PWMS9 is based off Timer8 in PWM mode
10 = PWMS9 is based off Timer6 in PWM mode
01 = PWM9 is based off Timer4 in PWM mode
00 = PWMS9 is based off Timer2 in PWM mode

P4TSEL<1:0>: PWM4 Timer Selection bits

11 = PWM4 is based off Timer8 in PWM mode
10 = PWM4 is based off Timer6 in PWM mode
01 = PWM4 is based off Timer4 in PWM mode
00 = PWMA4 is based off Timer2 in PWM mode
P3TSEL<1:0>: PWMS3 Timer Selection bits

11 = PWM3 is based off Timer8 in PWM mode
10 = PWM3 is based off Timer6 in PWM mode
01 = PWMS is based off Timer4 in PWM mode
00 = PWMS3 is based off Timer2 in PWM mode

PIC16(L)F1777/9 only.
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REGISTER 29-4:

OPAXPCHS: OP AMP POSITIVE CHANNEL SOURCE SELECT REGISTER

u = Bit is unchanged

x = Bit is unknown

u-0 u-0 u-0 u-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0

_ | _ | — | _ | PCH<3:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

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

‘1’ = Bitis set ‘0’ = Bit is cleared g = Value depends on condition

bit 7-4 Unimplemented: Read as ‘0’

bit 3-0 PCH<3:0>: Op Amp Non-Inverting Input Channel Selection bits

See Table 29-5: Non-Inverting Input Sources
TABLE 29-5: NON-INVERTING INPUT SOURCES
NCH<3:0> OPA1 OPA2 OPA3 opA4®

1111 Reserved. Do not use Reserved. Do not use Reserved. Do not use Reserved. Do not use
1110 Reserved. Do not use Reserved. Do not use Reserved. Do not use Reserved. Do not use
1101 Reserved. Do not use Reserved. Do not use Reserved. Do not use Reserved. Do not use
1100 Reserved. Do not use Reserved. Do not use Reserved. Do not use Reserved. Do not use
1011 Reserved. Do not use Reserved. Do not use Reserved. Do not use Reserved. Do not use
1010 Reserved. Do not use Reserved. Do not use Reserved. Do not use Reserved. Do not use
1001 Reserved. Do not use Reserved. Do not use Reserved. Do not use Reserved. Do not use
1000 PRG2_out PRG2_out PRG4_out® PRG4_out
0111 PRG1_out PRG1_out PRG3_out PRG3_out
0110 FVR_Buffer1 FVR_Buffer1 FVR_Buffer2 FVR_Buffer2
0101 DAC4_out DAC4_out DAC8_out® DACS8_out
0100 DAC3_out DAC3_out DAC7_out DAC7_out
0011 DAC2_out DAC2_out DAC6_out® DAC6_out
0010 DAC1_out DAC1_out DAC5_out DAC5_out
0001 OPA1IN1+ OPA2IN1+ OPA3IN1+® OPA4IN1+
0000 OPA1INO+ OPA2INO+ OPA3INO+ OPA4INO+

Note 1: PIC16(L)F1777/9 only.
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FIGURE 31-5: CARRIER LOW SYNCHRONIZATION (MDCHSYNC =0, MDCLSYNC =1)
Carter igh CARW) [ ) | [ L L Ll
Carrier Low (CARL) |_‘ |_‘ |_| |_| 1 |“‘| ] |_‘ 1 |‘“| ] |—‘ |‘| |_| |_| |‘|E|_| |‘| ’_|Z
Modulator (MOD) | | |
MDx_out ﬂ_|_|_|_|_|_|_| : ” | | | | | |_|_|_|_|_|_
Active Carrier CARH y CARL /\ CARH \( CARL
FIGURE 31-6: FULL SYNCHRONIZATION (MDCHSYNC =1, MDCLSYNC =1)
Comeriion@©ARM - 1 L L L LT

CarrierLow (CARL) [ [T [ L[ 1T 1] LM ’_||_|’_||_‘:’_||_H_‘|_||_H_\|_|: M

Modulator (MOD) Falling edges | = | : : |

used to sync - | : : |—> :
MDx_out | | | | | l_,_l_l_l_l_l | | | | | I_I_L
Active Carrier CARH \/ CARL\ [ CARH \/CARL
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32.6.6 I°C MASTER MODE
TRANSMISSION

Transmission of a data byte, a 7-bit address or the
other half of a 10-bit address is accomplished by simply
writing a value to the SSPxBUF register. This action will
set the Buffer Full flag bit, BF, and allow the Baud Rate
Generator to begin counting and start the next trans-
mission. Each bit of address/data will be shifted out
onto the SDA pin after the falling edge of SCL is
asserted. SCL is held low for one Baud Rate Generator
rollover count (TBRG). Data should be valid before SCL
is released high. When the SCL pin is released high, it
is held that way for TBRG. The data on the SDA pin
must remain stable for that duration and some hold
time after the next falling edge of SCL. After the eighth
bit is shifted out (the falling edge of the eighth clock),
the BF flag is cleared and the master releases SDA.
This allows the slave device being addressed to
respond with an ACK bit during the ninth bit time if an
address match occurred, or if data was received prop-
erly. The status of ACK is written into the ACKSTAT bit
on the rising edge of the ninth clock. If the master
receives an Acknowledge, the Acknowledge Status bit,
ACKSTAT, is cleared. If not, the bit is set. After the ninth
clock, the SSPxIF bit is set and the master clock (Baud
Rate Generator) is suspended until the next data byte
is loaded into the SSPxBUF, leaving SCL low and SDA
unchanged (Figure 32-28).

After the write to the SSPxBUF, each bit of the address
will be shifted out on the falling edge of SCL until all
seven address bits and the R/W bit are completed. On
the falling edge of the eighth clock, the master will
release the SDA pin, allowing the slave to respond with
an Acknowledge. On the falling edge of the ninth clock,
the master will sample the SDA pin to see if the address
was recognized by a slave. The status of the ACK bit is
loaded into the ACKSTAT Status bit of the SSPxCON2
register. Following the falling edge of the ninth clock
transmission of the address, the SSPxIF is set, the BF
flag is cleared and the Baud Rate Generator is turned
off until another write to the SSPxBUF takes place,
holding SCL low and allowing SDA to float.

32.6.6.1 BF Status Flag

In Transmit mode, the BF bit of the SSPxSTAT register
is set when the CPU writes to SSPxBUF and is cleared
when all eight bits are shifted out.

32.6.6.2 WCOL Status Flag

If the user writes the SSPxBUF when a transmit is
already in progress (i.e., SSPSR is still shifting out a
data byte), the WCOL bit is set and the contents of the
buffer are unchanged (the write does not occur).

WCOL must be cleared by software before the next
transmission.

32.6.6.3  ACKSTAT Status Flag

In Transmit mode, the ACKSTAT bit of the SSPxCON2
register is cleared when the slave has sent an Acknow!-
edge (ACK =0) and is set when the slave does not
Acknowledge (ACK = 1). A slave sends an Acknowl-
edge when it has recognized its address (including a
general call), or when the slave has properly received
its data.

32.6.6.4 Typical Transmit Sequence:

1. The user generates a Start condition by setting
the SEN bit of the SSPxCONZ2 register.

2. SSPxIF is set by hardware on completion of the
Start.

3. SSPxIF is cleared by software.

4. The MSSP module will wait the required start
time before any other operation takes place.

5. The user loads the SSPxBUF with the slave
address to transmit.

6. Address is shifted out the SDA pin until all eight
bits are transmitted. Transmission begins as
soon as SSPxBUF is written to.

7. The MSSP module shifts in the ACK bit from the
slave device and writes its value into the
ACKSTAT bit of the SSPxCONZ2 register.

8. The MSSP module generates an interrupt at the
end of the ninth clock cycle by setting the
SSPxIF bit.

9. The user loads the SSPxBUF with eight bits of
data.

10. Data is shifted out the SDA pin until all eight bits
are transmitted.

11. The MSSP module shifts in the ACK bit from the
slave device and writes its value into the
ACKSTAT bit of the SSPxCON2 register.

12. Steps 8-11 are repeated for all transmitted data
bytes.

13. The user generates a Stop or Restart condition
by setting the PEN or RSEN bits of the
SSPxCONZ2 register. Interrupt is generated once
the Stop/Restart condition is complete.

DS40001819B-page 476
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TABLE 36-6: THERMAL CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
Pilrgm Sym. Characteristic Typ. Units Conditions
THO1 0JA | Thermal Resistance Junction to Ambient | 60.0 °C/W | 28-pin SPDIP package
80.0 °C/W  |28-pin SOIC package
90.0 °C/W  |28-pin SSOP package
48 °C/W  [28-pin UQFN 4x4mm package
47.2 °C/W  |40-pin PDIP package
46.0 °C/W  |44-pin TQFP package
41.0 °C/W  [40-pin UQFN 5x5mm package
THO2 0Jc Thermal Resistance Junction to Case 31.4 °C/W  |28-pin SPDIP package
24 °C/W  |28-pin SOIC package
24 °C/W  |28-pin SSOP package
12 °C/W  [28-pin UQFN 4x4mm package
24.70 °C/W  [40-pin PDIP package
14.5 °C/W  [44-pin TQFP package
5.5 °C/W  [40-pin UQFN 5x5mm package
THO3 TJMAX  |Maximum Junction Temperature 150 °C
THO4 PD Power Dissipation — W PD = PINTERNAL + Pi/0
THO5 | PINTERNAL |Internal Power Dissipation — W PINTERNAL = IDD x VDD®)
THO6 Pi/o 1/0O Power Dissipation — w Pi/o =% (loL * VoL) + £ (IoH * (VDD - VOH))
THO7 PDER |Derated Power — w PDER = PDMAX (TJ - TA)/0JA@

Note 1: IDDis current to run the chip alone without driving any load on the output pins.
2: Ta = Ambient Temperature, TJ = Junction Temperature
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FIGURE 36-8: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP
TIMER TIMING
((
))

VDD /
MCLR \ /
' 1<+ 30—,
Internal . !
POR . X

—
—

((
\ ))
' 33— Z ((
PWRT : : ))
Time-out ' | 32 . : .
0SsC . : ))
Start-up Time X
| s —
Internal Reset)
Watchdog Timer . : S S —
Reset® !
: y 31 .
34— 341«
1/0 pins / \

Note 1: Asserted low.
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Note: Unless otherwise noted, VIN = 5V, Fosc = 300 kHz, CIN = 0.1 pF, TA = 25°C.

Max: 85°C + 30 Max.
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FIGURE 37-7: IDD, EC Oscillator LP Mode,
Fosc = 32 kHz, PIC16LF1777/8/9 Only.
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FIGURE 37-9: IbD, EC Oscillator LP Mode,
Fosc = 500 kHz, PIC16LF1777/8/9 Only.
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FIGURE 37-11: IDD Typical, EC Oscillator
MP Mode, PIC16LF1777/8/9 Only.
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FIGURE 37-8: IDD, EC Oscillator LP Mode,
Fosc = 32 kHz, PIC16F1777/8/9 Only.
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FIGURE 37-10: IbD, EC Oscillator LP Mode,
Fosc =500 kHz, PIC16F1777/8/9 Only.
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FIGURE 37-12: Ibb Maximum, EC Oscillator

MP Mode, PIC16LF1777/8/9 Only.
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Note: Unless otherwise noted, VIN = 5V, Fosc = 300 kHz, CIN = 0.1 pF, TA = 25°C.
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FIGURE 37-13: IDD Typical, EC Oscillator

MP Mode, PIC16F1777/8/9 Only.
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FIGURE 37-15:
HP Mode, PIC16LF1777/8/9 Only.
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FIGURE 37-14: IDD Maximum, EC Oscillator

MP Mode, PIC16F1777/8/9 Only.
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FIGURE 37-16:
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HP Mode, PIC16LF1777/8/9 Only.
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FIGURE 37-17: IDD Typical, EC Oscillator

HP Mode, PIC16F1777/8/9 Only.
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FIGURE 37-18: IDb Maximum, EC Oscillator

HP Mode, PIC16F1777/8/9 Only.
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38.6 MPLAB X SIM Software Simulator

The MPLAB X SIM Software Simulator allows code
development in a PC-hosted environment by simulat-
ing the PIC MCUs and dsPIC DSCs on an instruction
level. On any given instruction, the data areas can be
examined or modified and stimuli can be applied from
a comprehensive stimulus controller. Registers can be
logged to files for further run-time analysis. The trace
buffer and logic analyzer display extend the power of
the simulator to record and track program execution,
actions on 1/0, most peripherals and internal registers.

The MPLAB X SIM Software Simulator fully supports
symbolic debugging using the MPLAB XC Compilers,
and the MPASM and MPLAB Assemblers. The soft-
ware simulator offers the flexibility to develop and
debug code outside of the hardware laboratory envi-
ronment, making it an excellent, economical software
development tool.

38.7 MPLAB REAL ICE In-Circuit
Emulator System

The MPLAB REAL ICE In-Circuit Emulator System is
Microchip’s next generation high-speed emulator for
Microchip Flash DSC and MCU devices. It debugs and
programs all 8, 16 and 32-bit MCU, and DSC devices
with the easy-to-use, powerful graphical user interface of
the MPLAB X IDE.

The emulator is connected to the design engineer’s
PC using a high-speed USB 2.0 interface and is
connected to the target with either a connector
compatible with in-circuit debugger systems (RJ-11)
or with the new high-speed, noise tolerant, Low-
Voltage Differential Signal (LVDS) interconnection
(CATS).

The emulator is field upgradeable through future firm-
ware downloads in MPLAB X IDE. MPLAB REAL ICE
offers significant advantages over competitive emulators
including full-speed emulation, run-time variable
watches, trace analysis, complex breakpoints, logic
probes, a ruggedized probe interface and long (up to
three meters) interconnection cables.

38.8 MPLAB ICD 3 In-Circuit Debugger
System

The MPLAB ICD 3 In-Circuit Debugger System is
Microchip’s most cost-effective, high-speed hardware
debugger/programmer for Microchip Flash DSC and
MCU devices. It debugs and programs PIC Flash
microcontrollers and dsPIC DSCs with the powerful,
yet easy-to-use graphical user interface of the MPLAB
IDE.

The MPLAB ICD 3 In-Circuit Debugger probe is
connected to the design engineer’s PC using a high-
speed USB 2.0 interface and is connected to the target
with a connector compatible with the MPLAB ICD 2 or
MPLAB REAL ICE systems (RJ-11). MPLAB ICD 3
supports all MPLAB ICD 2 headers.

38.9 PICKit 3 In-Circuit Debugger/
Programmer

The MPLAB PICkit 3 allows debugging and program-
ming of PIC and dsPIC Flash microcontrollers at a most
affordable price point using the powerful graphical user
interface of the MPLAB IDE. The MPLAB PICkit 3 is
connected to the design engineer’s PC using a full-
speed USB interface and can be connected to the tar-
get via a Microchip debug (RJ-11) connector (compati-
ble with MPLAB ICD 3 and MPLAB REAL ICE). The
connector uses two device I/O pins and the Reset line
to implement in-circuit debugging and In-Circuit Serial
Programming™ (ICSP™).

38.10 MPLAB PM3 Device Programmer

The MPLAB PM3 Device Programmer is a universal,
CE compliant device programmer with programmable
voltage verification at VDDMIN and VDDMAX for
maximum reliability. It features a large LCD display
(128 x 64) for menus and error messages, and a mod-
ular, detachable socket assembly to support various
package types. The ICSP cable assembly is included
as a standard item. In Stand-Alone mode, the MPLAB
PM3 Device Programmer can read, verify and program
PIC devices without a PC connection. It can also set
code protection in this mode. The MPLAB PM3
connects to the host PC via an RS-232 or USB cable.
The MPLAB PM3 has high-speed communications and
optimized algorithms for quick programming of large
memory devices, and incorporates an MMC card for file
storage and data applications.
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