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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.

DS40001819B-page 19



"ou| ABojouyoa | diyoosolN 9102-G10Z ©

0G 8bed-g6181000¥SA

TABLE 3-11:  PIC16(L)F1778 MEMORY MAP, BANK 24-31
BANK 24 BANK 25 BANK 26 BANK 27 BANK 28 BANK 29 BANK 30 BANK 31
C00h C80h DOOh D80h EOOh E80h FOOh F80h
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)
C0Bh C8Bh DOBh D8Bh EOBh E8Bh FOBh F8Bh
COCh — C8Ch — DOCh —
CODh — C8Dh — DODh —
COEh — C8Eh — DOEh —
COFh — C8Fh — DOFh —
C10h — C90h — D10h —
C11h — C91h — D11h —
C12h — C92h — D12h —
C13h — C93h — D13h —
C14h — C9h — D14h —
C15h — C95h — D15h —
C16h — C96h — D16h —
gg: = ggg: = Bg: = See Table 3-14 See Table 3-14 See Table 3-14 See Table 3-14 See Table 3-16
for register map- for register map- for register map- for register map- for register map-
C19h — C99h — D1%h — ping details ping details ping details ping details ping details
C1Ah — C9Ah — D1Ah —
C1Bh — C9Bh — D1Bh —
C1Ch — C9Ch — D1Ch —
C1Dh — C9Dh — D1Dh —
C1Eh — C9Eh — D1Eh —
C1Fh — C9Fh — D1Fh —
C20h CAOh D20h
General Purpose
General Register 32 Bytes
Purpose CBFh Unimplemented
Register CCOh Read as ‘0’
80 Bytes Unimplemented
Read as ‘0’
C6Fh CEFh D6Fh DEFh E6Fh EEFh F6Fh FEFh
C70h CFOh D70h DFOh E70h EFOh F70h FFOh
Accesses Accesses Accesses Accesses Accesses Accesses Accesses Accesses
70h —7Fh 70h - 7Fh 70h - 7Fh 70h - 7Fh 70h - 7Fh 70h - 7Fh 70h —7Fh 70h - 7Fh
CFFh CFFh D7Fh DFFh E7Fh EFFh F7Fh FFFh
Legend: = Unimplemented data memory locations, read as ‘0’.
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TABLE 3-18: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)

Addr Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 P\S‘geB‘é;‘R wvalue on all

Bank 14

70Ch |— Unimplemented — —
70Dh [COG2PHR — — COG Rising Edge Phase Delay Count Register --00 0000 --00 0000
70Eh |COG2PHF — — COG Falling Edge Phase Delay Count Register --00 0000 --00 0000
70Fh |COG2BLKR — — COG Rising Edge Blanking Count Register --00 0000 --00 0000
710h |COG2BLKF — — COG Falling Edge Blanking Count Register --00 0000 --00 0000
711h |COG2DBR — — COG Rising Edge Dead-band Count Register --00 0000 --00 0000
712h |COG2DBF — — COG Falling Edge Dead-band Count Register --00 0000 --00 0000
713h |COG2CONO EN LD — CS<1:0> MD<2:0> 00-0 0000 00-0 0000
714h |COG2CON1 RDBS FDBS — — POLD POLC POLB POLA 00-- 0000 00-- 0000
715h |COG2RISO RIS7 RIS6 RIS5 RIS4 RIS3 RIS2 RIS1 RISO 0000 0000 0000 0000
716h |COG2RIS1 RIS15 RIS14 RIS13 RIS12 RIS11 RIS10 RIS9 RIS8 0000 0000 0000 0000
717h |COG2RSIMO RSIM7 RSIM6 RSIM5 RSIM4 RSIM3 RSIM2 RSIM1 RSIMO 0000 0000 0000 0000
718h |COG2RSIM1 RSIM15 RSIM14 RSIM13 RSIM12 RSIM11 RSIM10 RSIM9 RSIM8 0000 0000 0000 0000
719h |COG2FISO FIS7 FIS6 FIS5 FIS4 FIS3 FIS2 FIS1 FISO 0000 0000 0000 0000
71Ah |COG2FIS1 FIS15 FIS14 FIS13 FIS12 FIS11 FIS10 FIS9 FIS8 0000 0000 0000 0000
71Bh |COG2FSIMO FSIM7 FSIM6 FSIM5 FSIM4 FSIM3 FSIM2 FSIM1 FSIMO 0000 0000 0000 0000
71Ch |COG2FSIM1 FSIM15 FSIM14 FSIM13 FSIM12 FSIM11 FSIM10 FSIM9 FSIM8 0000 0000 0000 0000
71Dh |COG2ASDO ASE ARSEN ASDBD<1:0> ASDAC<1:0> — — 0001 O1-- 0001 01--
71Eh |COG2ASD1 AS7E AS6E AS5E AS4E AS3E AS2E AS1E ASOE 0000 0000 0000 0000
71Fh |COG2STR SDATD SDATC SDATB SDATA STRD STRC STRB STRA 0000 0000 0000 0000
Legend: x = unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as ‘0’, r = reserved.

Note

Shaded locations are unimplemented, read as ‘0’.

1: Unimplemented, read as ‘1’.

2: Unimplemented on PIC16LF1777/8/9.
3: Unimplemented on PIC16(L)F1778.

6/8/././.14(1)9TDId
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REGISTER 4-2: CONFIG2: CONFIGURATION WORD 2

R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1
Lvp@ | DEBUG® | [PBOR | BORV® | STVREN PLLEN
bit 13 bit 8
R/P-1 U-1 U-1 U-1 U-1 R/P-1 R/P-1 R/P-1
ZCD — — | — | — | PPS1WAY | WRT<1:0>
bit 7 bit 0
Legend:
R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘1’
‘0’ = Bit is cleared ‘1’ = Bit is set -n = Value when blank or after Bulk Erase
bit 13 LVP: Low-Voltage Programming Enable bit
1 = ON Low-voltage programming enabled
0 = OFF  High-voltage on MCLR must be used for programming
bit 12 DEBUG: In-Circuit Debugger Mode bit(®
1 = OFF In-Circuit Debugger disabled, ICSPCLK and ICSPDAT are general purpose /O pins
0 = ON In-Circuit Debugger enabled, ICSPCLK and ICSPDAT are dedicated to the debugger
bit 11 LPBOR: Low-Power BOR Enable bit
1 = OFF Low-Power Brown-out Reset is disabled
0 = ON Low-Power Brown-out Reset is enabled
bit 10 BORYV: Brown-out Reset Voltage Selection bit(®
1 =10 Brown-out Reset voltage (VBOR), low trip point selected
0 = HI Brown-out Reset voltage (VBOR), high trip point selected
bit 9 STVREN: Stack Overflow/Underflow Reset Enable bit
1 = ON Stack Overflow or Underflow will cause a Reset
0 = OFF  Stack Overflow or Underflow will not cause a Reset
bit 8 PLLEN: PLL Enable bit

1 = ON 4xPLL enabled
0 = OFF  4xPLL disabled

bit 7 ZCD: ZCD Enable bit
1 = OFF ZCD disabled. ZCD can be enabled by setting the ZCDSEN bit of ZCDCON
0 = ON ZCD always enabled
bit 6-3 Unimplemented: Read as ‘1’
bit 2 PPS1WAY: PPSLOCK Bit One-Way Set Enable bit
1 =ON The PPSLOCK bit can only be set once after an unlocking sequence is executed; once PPSLOCK

is set, all future changes to PPS registers are prevented
0 = OFF The PPSLOCK bit can be set and cleared as needed (provided an unlocking sequence is executed)

bit 1-0 WRT<1:0>: Flash Memory Self-Write Protection bits

4 kW Flash memory (PIC16(L)F1764/8)
11 = OFF Write protection off
10 = BOOT 0000h to 01FFh write protected, 0200h to OFFFh may be modified by PMCON control
01 = HALF 0000h to 07FFh write protected, 0800h to OFFFh may be modified by PMCON control
00 = ALL 0000h to OFFFh write protected, no addresses may be modified by PMCON control

8 kW Flash memory (PIC16(L)F1765/9)
11 = OFF Write protection off
10 = BOOT 0000h to 01FFh write protected, 0200h to 1FFFh may be modified by PMCON control
01 = HALF 0000h to OFFFh write protected, 1000h to 1FFFh may be modified by PMCON control
00 = ALL 0000h to 1FFFh write protected, no addresses may be modified by PMCON control

Note 1: The LVP bit cannot be programmed to ‘0’ when Programming mode is entered via LVP.
2:  The DEBUG bit in Configuration Words is managed automatically by device development tools including debuggers
and programmers. For normal device operation, this bit should be maintained as a ‘1’.
3:  See VBOR parameter for specific trip point voltages.

© 2015-2016 Microchip Technology Inc. DS40001819B-page 97
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FIGURE 7-3: INT PIN INTERRUPT TIMING

Q1] Q2| Q3| Q4. Q1] Q2] Q3| @4 Q1| @2] Q3| Q4. Q1] Q2] Q3| @4 Q1| Q2| Q3| Q4.

0sc1 :
cLkouT® \ . o . . . Z
Lo @ : : : :

NTpin } R : : | :
T Y . . . .

INTF L/ (5) : : Interrupt Latency(z) ' : :
G | ' | | | | |
: : | \ : : :
INSTRUCTION I::LOW ' : ' : '
PC ( PC X PC+1 ) PC+1 X 0004h X 0005h
Instruction ( . : : : : :
Fetched ! Inst (PC) ! Inst(PC+1) . — + Inst (0004h) . Inst (0005h)
E;éguuiizn{ . Inst(PC-1) Inst (PC) : Forced NOP ! Forced NOP ! Inst (0004h)

Note 1: INTF flag is sampled here (every Q1).

2: Asynchronous interrupt latency = 3-5 Tcy. Synchronous latency = 3-4 Tcy, where TCY = instruction cycle time.
Latency is the same whether Inst (PC) is a single cycle or a 2-cycle instruction.

3:  CLKOUT not available in all oscillator modes.
For minimum width of INT pulse, refer to AC specifications in Section 36.0 “Electrical Specifications””.
INTF is enabled to be set any time during the Q4-Q1 cycles.

DS40001819B-page 130 © 2015-2016 Microchip Technology Inc.
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7.3 Interrupts During Sleep

Some interrupts can be used to wake from Sleep. To
wake from Sleep, the peripheral must be able to
operate without the system clock. The interrupt source
must have the appropriate Interrupt Enable bit(s) set
prior to entering Sleep.

On waking from Sleep, if the GIE bit is also set, the
processor will branch to the interrupt vector. Otherwise,
the processor will continue executing instructions after
the SLEEP instruction. The instruction directly after the
SLEEP instruction will always be executed before
branching to the ISR. Refer to Section 8.0
“Power-Down Mode (Sleep)” for more details.

7.4 INT Pin

The INT pin can be used to generate an asynchronous
edge-triggered interrupt. This interrupt is enabled by
setting the INTE bit of the INTCON register. The
INTEDG bit of the OPTION_REG register determines on
which edge the interrupt will occur. When the INTEDG
bit is set, the rising edge will cause the interrupt. When
the INTEDG bit is clear, the falling edge will cause the
interrupt. The INTF bit of the INTCON register will be set
when a valid edge appears on the INT pin. If the GIE and
INTE bits are also set, the processor will redirect
program execution to the interrupt vector.

7.5 Automatic Context Saving

Upon entering an interrupt, the return PC address is
saved on the stack. Additionally, the following registers
are automatically saved in the shadow registers:

* W register

« STATUS register (except for TO and PD)
* BSR register

* FSR registers

» PCLATH register

Upon exiting the Interrupt Service Routine, these regis-
ters are automatically restored. Any modifications to
these registers during the ISR will be lost. If modifica-
tions to any of these registers are desired, the corre-
sponding shadow register should be modified and the
value will be restored when exiting the ISR. The
shadow registers are available in Bank 31 and are
readable and writable. Depending on the user’s
application, other registers may also need to be saved.

© 2015-2016 Microchip Technology Inc.
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10.2.3 ERASING FLASH PROGRAM
MEMORY

While executing code, program memory can only be
erased by rows. To erase a row:

1. Load the PMADRH:PMADRL register pair with
any address within the row to be erased.

2. Clear the CFGS bit of the PMCONT1 register.

3. Set the FREE and WREN bits of the PMCON1
register.

4. Write 55h, then AAh, to PMCON2 (Flash
programming unlock sequence).

5. Set control bit WR of the PMCON?1 register to
begin the erase operation.

See Example 10-2.

After the “BSF PMCONL, WR’ instruction, the processor
requires two cycles to set up the erase operation. The
user must place two NOP instructions immediately fol-
lowing the WR bit set instruction. The processor will
halt internal operations for the typical 2 ms erase time.
This is not Sleep mode as the clocks and peripherals
will continue to run. After the erase cycle, the processor
will resume operation with the third instruction after the
PMCON1 write instruction.

FLASH PROGRAM
MEMORY ERASE
FLOWCHART

FIGURE 10-4:

Rev. 10-000048A
71302013

Start
Erase Operation

Y

Disable Interrupts
(GIE =0)

A
Select

Program or Configuration Memory
(CFGS)

Y

Select Row Address
(PMADRH:PMADRL)

Y

Select Erase Operation
(FREE = 1)

Y

Enable Write/Erase Operation
(WREN = 1)

Y

Unlock Sequence
(See Note 1)

A
CPU stalls while
Erase operation completes
(2 ms typical)

— T

Disable Write/Erase Operation
(WREN = 0)

Y

Re-enable Interrupts
(GIE=1)

Y

End
Erase Operation

Note 1: See Figure 10-3.

DS40001819B-page 160
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REGISTER 11-12: ANSELB: PORTB ANALOG SELECT REGISTER

uU-0 u-0 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
— — ANSB5 ANSB4 ANSB3 ANSB2 ANSB1 ANSBO
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’ = Bitis cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 ANSB<5:0>: Analog Select between Analog or Digital Function on pins RB<5:0>
1 = Analog input. Pin is assigned as analog input(l). Digital input buffer disabled.
0 = Digital /0. Pin is assigned to port or digital special function.
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.

REGISTER 11-13: WPUB: WEAK PULL-UP PORTB REGISTER

R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
WPUB7 WPUBG6 WPUB5 WPUB4 WPUB3 WPUB2 WPUB1 WPUBO
bit 7 bit 0

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

u = Bit is unchanged
‘1’ = Bit is set

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

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

bit 7-4

WPUB<7:0>: Weak Pull-up Register bits®-?

1 = Pull-up enabled
0 = Pull-up disabled

Note 1: Global WPUEN bit of the OPTION_REG register must be cleared for individual pull-ups to be enabled.
2:  The weak pull-up device is automatically disabled if the pin is configured as an output.

DS40001819B-page 182 © 2015-2016 Microchip Technology Inc.
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REGISTER 13-7: IOCCP: INTERRUPT-ON-CHANGE PORTC POSITIVE EDGE 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
I0CCP7 I0CCP6 IOCCP5 IOCCP4 IOCCP3 IOCCP2 I0CCP1 I0CCPO
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 7-0 IOCCP<7:0>: Interrupt-on-Change PORTC Positive Edge Enable bits

1 = Interrupt-on-Change enabled on the pin for a positive going edge. IOCCFx bit and IOCIF flag will
be set upon detecting an edge.
0 = Interrupt-on-Change disabled for the associated pin.

REGISTER 13-8: IOCCN: INTERRUPT-ON-CHANGE PORTC NEGATIVE EDGE 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
IOCCN7 IOCCN®6 IOCCN5 IOCCN4 IOCCN3 IOCCN2 IOCCN1 IOCCNO
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 IOCCN<7:0>: Interrupt-on-Change PORTC Negative Edge Enable bits

1 = Interrupt-on-Change enabled on the pin for a negative going edge. IOCCFx bit and IOCIF flag will
be set upon detecting an edge.
0 = Interrupt-on-Change disabled for the associated pin.

REGISTER 13-9: IOCCF: INTERRUPT-ON-CHANGE PORTC FLAG REGISTER

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

IOCCF7 IOCCF6 IOCCF5 IOCCF4 IOCCF3 IOCCF2 IOCCF1 IOCCFO
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 7-0 IOCCF<7:0>: Interrupt-on-Change PORTC Flag bits

1 = An enabled change was detected on the associated pin.
Set when IOCCPx = 1 and a rising edge was detected on RCx, or when IOCCNx = 1 and a falling
edge was detected on RCx.

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

DS40001819B-page 218 © 2015-2016 Microchip Technology Inc.
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16.4 ADC Acquisition Requirements

For the ADC to meet its specified accuracy, the charge
holding capacitor (CHOLD) must be allowed to fully
charge to the input channel voltage level. The Analog
Input model is shown in Figure 16-4. The source
impedance (Rs) and the internal sampling switch (RsS)
impedance directly affect the time required to charge
the capacitor CHoLD. The sampling switch (RsS)
impedance varies over the device voltage (VDD), refer
to Figure 16-4. The maximum recommended
impedance for analog sources is 10 kQ. As the

source impedance is decreased, the acquisition time
may be decreased. After the analog input channel is
selected (or changed), an ADC acquisition must be
done before the conversion can be started. To calculate
the minimum acquisition time, Equation 16-1 may be
used. This equation assumes that 1/2 LSb error is used
(1,024 steps for the ADC). The 1/2 LSb error is the
maximum error allowed for the ADC to meet its
specified resolution.

EQUATION 16-1: ACQUISITION TIME EXAMPLE®:2:3)

TACQ
TAMP + TC + TCOFF

VAPPLIED(l— 1 ) = VcHoLD
1

(2n+ 1)_
—Tc
VAPPLIED(l—eRCj = VcHoLD

=T¢

Assumptions;  Temperature = 50°C and external impedance of 10k<2 5.0V VDD

Amplifier Settling Time + Hold Capacitor Charging Time + Temperature Coefficient
2us+ Tc + [(Temperature - 25°C)(0.05us/°C)]

The value for Tc can be approximated with the following equations:

;[1] VcHoLD charged to within 1/2 Isb

;[2] VcHoLD charge response to VAPPLIED

1 ) ;combining [1] and [2]
n+1

(20 -1

VAPPLIED(l—eRC VAPPLIED(l—

Note: Where n = number of bits of the ADC.

Solving for Tc:

Tc = —CHoLb(RIC + Rss+ Rs) In(1/2047)
—10pF(1k2+ 7kQ2+ 10k(2) In(0.0004885)
= 1.37us

Therefore:
TACQ = 2us+ 892ns+ [(50°C- 25°C)(0.05us/°C)]
= 4.62us

Note 1: The reference voltage (VREF) has no effect on the equation, since it cancels itself out.
2: The charge holding capacitor (CHOLD) is not discharged after each conversion.

3: The maximum recommended impedance for analog sources is 10 kQ. This is required to meet the pin
leakage specification.

DS40001819B-page 238 © 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.



PIC16(L)F1777/8/9

20.5.2 CORRECTION BY OFFSET
CURRENT

When the waveform is varying relative to Vss then the
zero cross is detected too early as the waveform falls
and too late as the waveform rises. When the
waveform is varying relative to VDD then the zero cross
is detected too late as the waveform rises and too early
as the waveform falls. The actual offset time can be
determined for sinusoidal waveforms with the
corresponding equations shown in Equation 20-4.

EQUATION 20-4: ZCD EVENT OFFSET

When External Voltage Source is relative to Vss:

Z_ .
asin(VCp' nv]
peak

Toffset = 21 e Freq
When External Voltage Source is relative to VDD:

VbD—Z_ .
asin[ cpi nv]

Vpeak
2n e Freq

Toffset =

This offset time can be compensated for by adding a
pull-up or pull-down biasing resistor to the ZCD pin. A
pull-up resistor is used when the external voltage
source is varying relative to Vss. A pull-down resistor is
used when the voltage is varying relative to VDD.The
resistor adds a bias to the ZCD pin so that the target
external voltage source must go to zero to pull the pin
voltage to the ZcPINV switching voltage. The pull-up or
pull-down value can be determined with the equations
shown in Equation 20-5.

EQUATION 20-5: ZCD PULL-UP/DOWN

When External Signal is relative to Vss:

(V

_ Rseries pullup™ Zcpi nv)

I:zpullup -

Zcpi nv
When External Signal is relative to VVDD:

_ I:zser i es(chi nv)

R =
pulldown =~ (Vpp _Zcpi )

The pull-up and pull-down resistor values are
significantly affected by small variations of ZCPINV.
Measuring ZCPINV can be difficult, especially when the
waveform is relative to VDD. However, by combining
Equation 20-4 and Equation 20-5 the resistor value
can be determined from the time difference between
the ZCDOUT high and low periods. Note that the time
difference, AT, is 4*Tygset- The equation for determining
the pull-up and pull-down resistor values from the high
and low ZCDOUT periods is shown in Equation 20-6.
The ZCDOUT signal can be directly observed on a pin
by routing the ZCDOUT signal through one of the
CLGCs.

EQUATION 20-6:

V..
R =R bias _1

series Vpeak(g n(n Freq%)))

R is pull-up or pull-down resistor

Vbias is VpuIIup
pull-down

AT is the ZCDOUT high and low period difference

when R is pull-up or VDD when R is

20.6 Handling Veq variations

If the peak amplitude of the external voltage is
expected to vary then the series resistor must be
selected to keep the ZCD current source and sink
below the design maximum range of + 600 LA for the
maximum expected voltage and high enough to be
detected accurately at the minimum peak voltage. A
general rule of thumb is that the maximum peak voltage
can be no more than six times the minimum peak
voltage. To ensure that the maximum current does not
exceed +600 UA and the minimum is at least
+ 100 PA, compute the series resistance as shown in
Equation 20-7. The compensating pull-up for this
series resistance can be determined with
Equation 20-5 because the pull-up value is
independent from the peak voltage.

EQUATION 20-7: SERIES R FOR V RANGE

Vmaxpeak * Vmi npeak

7x 10_4

Faseri es
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REGISTER 23-2: TxCON: TIMERx CONTROL REGISTER

R/W/HC-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
ON®) CKPS<2:0> OUTPS<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 Resets
‘1’ = Bit is set ‘0’ = Bitis cleared HC = Bit is cleared by hardware
bit 7 ON: Timerx On bit
1= Timerxison
0 = Timerx is off: all counters and state machines are reset
bit 6-4 CKPS<2:0>: Timer2-type Clock Prescale Select bits
111 = 1:128 Prescaler
110 = 1:64 Prescaler
101 = 1:32 Prescaler
100 = 1:16 Prescaler
011 = 1:8 Prescaler
010 = 1:4 Prescaler
001 = 1:2 Prescaler
000 = 1:1 Prescaler
bit 3-0 OUTPS<3:0>: Timerx Output Postscaler Select bits

1111 =1:16 Postscaler
1110 = 1:15 Postscaler
1101 = 1:14 Postscaler
1100 = 1:13 Postscaler
1011 = 1:12 Postscaler
1010 = 1:11 Postscaler
1001 = 1:10 Postscaler
1000 = 1:9 Postscaler
0111 = 1:8 Postscaler
0110 =1:7 Postscaler
0101 = 1:6 Postscaler
0100 = 1:5 Postscaler
0011 = 1:4 Postscaler
0010 = 1:3 Postscaler
0001 = 1:2 Postscaler
0000 = 1:1 Postscaler

Note 1: In certain modes, the ON bit will be auto-cleared by hardware. See Section 23.6 “Operation Examples”.

© 2015-2016 Microchip Technology Inc.
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25.1 PWMx Pin Configuration

All PWM outputs are multiplexed with the PORT data
latch. The user must configure the pins as outputs by
clearing the associated TRIS bits.

2511 FUNDAMENTAL OPERATION

The PWM module produces a 10-bit resolution output.
Timer2 and T2PR set the period of the PWM. The
PWMxDCL and PWMxDCH registers configure the
duty cycle. The period is common to all PWM modules,
whereas the duty cycle is independently controlled.

When TMR2 is equal to T2PR, the following three
events occur on the next increment cycle:
*« TMR2 is cleared

* The PWM output is active. (Exception: When the
PWM duty cycle = 0%, the PWM output will
remain inactive.)

* The PWMxDCH and PWMxDCL register values
are latched into the buffers.

Note:  The Timer2 postscaler has no effect on the I

Note: The Timer2 postscaler is not used in the
determination of the PWM frequency. The
postscaler could be used to have a servo
update rate at a different frequency than the
PWM output.

All PWM outputs associated with Timer2 are set when
TMRZ2 is cleared. Each PWMx is cleared when TMR2
is equal to the value specified in the corresponding
PWMxDCH (8 MSb) and PWMxDCL<7:6> (2 LSb)
registers. When the value is greater than or equal to
T2PR, the PWM output is never cleared (100% duty
cycle).

Note: The PWMxDCH and PWMxDCL registers
are double buffered. The buffers are updated
when Timer2 matches T2PR. Care should
be taken to update both registers before the

timer match occurs.

2512 PWM OUTPUT POLARITY

The output polarity is inverted by setting the PWMxPOL
bit of the PWMxCON register.
25.1.3 PWM PERIOD

The PWM period is specified by the T2PR register of
Timer2. The PWM period can be calculated using the
formula of Equation 25-1.

EQUATION 25-1: PWM PERIOD

PWM Period = [T2PR+ 1]e4 e TOSC e
(TMR2 Prescale Value)

Note: Tosc = 1/Fosc

PWM operation.

2514 PWM DUTY CYCLE

The PWM duty cycle is specified by writing a 10-bit value
to the PWMxDCH and PWMxDCL register pair. The
PWMxDCH register contains the eight MSbs and the
PWMxDCL<7:6>, the two LSbs. The PWMxDCH and
PWMxDCL registers can be written to at any time.

Equation 25-2 is used to calculate the PWM pulse
width.

Equation 25-3 is used to calculate the PWM duty cycle
ratio.

EQUATION 25-2: PULSE WIDTH

Pulse Width = (PWMxDCH:PWMxDCL<7:6>) e

Tosc e (TMR2 Prescale Value)

Note: Tosc = 1/Fosc

EQUATION 25-3: DUTY CYCLE RATIO

0= (PWMXDCH:PWMXDCL<7:6>)

Duty Cycle Rati A(T2PR+ 1)

The 8-bit timer TMR2 register is concatenated with the
two Least Significant bits of 1/Fosc, adjusted by the
Timer2 prescaler to create the 10-bit time base. The
system clock is used if the Timer2 prescaler is set to 1:1.
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28.0 CONFIGURABLE LOGIC CELL
(CLC)

The Configurable Logic Cell (CLCx) provides program-
mable logic that operates outside the speed limitations
of software execution. The logic cell takes up to 32
input signals and, through the use of configurable
gates, reduces the 32 inputs to four logic lines that drive
one of eight selectable single-output logic functions.

Input sources are a combination of the following:
* 1/O pins

* Internal clocks

* Peripherals

* Register bits

The output can be directed internally to peripherals and
to an output pin.

Refer to Figure 28-1 for a simplified diagram showing
signal flow through the CLCx.

Possible configurations include:
» Combinatorial Logic
- AND
- NAND
- AND-OR
- AND-OR-INVERT
- OR-XOR
- OR-XNOR
» Latches
- SR
- Clocked D with Set and Reset
- Transparent D with Set and Reset
Clocked J-K with Reset

FIGURE 28-1: CLCx SIMPLIFIED BLOCK DIAGRAM
LCxOUT
b a MLCxOUT
Q1—p
LCx_in[0}—
LCx_in[1]— LCx out .
LCx in[2—] P to Peripherals
18
— 5 EN
O ] |_ CLCxPPS
c
—1 .8 g2 Logic |
See -8 Funotion|—2 PPS CLCx
Table 28-1. — © | 93_|"gn
— | o
—®
= |0 POL TRIS
>
—] o
LCx_in[351—| = MODE<2:0> Interrupt
LCx_in[36]— ] det | |
LCx_in[37]— M
INTP set bit
'NTN—| CLCxIF
Interrupt
T det | |
Note 1. See Figure 28-2: Input Data Selection and Gating.
2. See Figure 28-3: Programmable Logic Functions.

© 2015-2016 Microchip Technology Inc.
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FIGURE 32-14:

I2C SLAVE, 7-BIT ADDRESS, RECEPTION (SEN = 0, AHEN = 0, DHEN = 0)

SSPxIE

From Slave to Master

/ Receiving Data

Receiving Address Receiving Data

Bus Master sends
Stop condition

ACK=1 1

BF

T— Cleared by software T— Cleared by software

_sSPxIF seton 9th
falling edge of
SCL

SSPOV

First byte
r— SSPxBUF is read of data is

available
in SSPxBUF

SSPOV set becauseJ

SSPxBUF is still full.
ACK is not sent.
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SWAPF Swap Nibbles in f

Syntax: [label] SWAPF f,d

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

Operation: (f<3:0>) — (destination<7:4>),
(f<7:4>) — (destination<3:0>)

Status Affected: None

Description: The upper and lower nibbles of
register ‘f are exchanged. If ‘d’ is ‘0’,
the result is placed in the W register. If
‘d’"is ‘1’, the result is placed in register
.

TRIS Load TRIS Register with W

Syntax: [label] TRIS f

Operands: 5<f<7

Operation: (W) —> TRIS register ‘f

Status Affected: None

Description: Move data from W register to TRIS

register.

When ‘¥ =5, TRISA is loaded.
When ‘f = 6, TRISB is loaded.
When ¥ =7, TRISC is loaded.

XORLW Exclusive OR literal with W
Syntax: [label] XORLW k
Operands: 0<k<255
Operation: (W) .XOR. k = (W)
Status Affected: z
Description: The contents of the W register are
XOR’ed with the 8-bit literal ‘k’. The
result is placed in the W register.
XORWF Exclusive OR W with f
Syntax: [label] XORWF fd
Operands: 0<f<127
d e [0,1]
Operation: (W) .XOR. (f) — (destination)
Status Affected: 4
Description: Exclusive OR the contents of the W

register with 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.

© 2015-2016 Microchip Technology Inc.
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Note: Unless otherwise noted, VIN = 5V, Fosc = 300 kHz, CIN = 0.1 pF, TA = 25°C.
80 T
Max: Typical + 30
70 Typical: istical mean | |
Max. Min: Typical - 30
60 \-\
—~——
—~ 50
S
i 40 Typical
3 —
> 30 T
20
Min.
10 —_—
0-60 -40 -20 0 20 40 60 80 100 120 140
Temperature (°C)

FIGURE 37-67:

Brown-Out Reset Hysteresis,

High Trip Point (BORV = 0).

50
45 Max: Typical + 30
Typical: statistical mean Max. —
w0 /_'
35
s 2 "
E
Y 25
S
S 20
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S —
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5
0
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FIGURE 37-69:

LPBOR Reset Hysteresis.

100
Max: Typical + 30 (-40°C to +125°C)
Typical; statistical mean @ 25°C
Min: Typical - 30 (-40°C to +125°C)
90
Max.
80
n
£ Typical
@
g 70
IS
60 -
Min.
[
50
40
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VoD (V)

27 T
26 Max: Typical + 30
. Typical: statistical mean
25 Min: Typical - 30 Mai.
E—
24 o
s 23
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> a2 //
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FIGURE 37-68:

LPBOR Reset Voltage.

100
Max: Typical + 30 (-40°C to +125°C)
Typical; statistical mean @ 25°C
90 in: Typical - 30 (-40°C to +125°C!
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n
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FIGURE 37-70: PWRT Period,
PIC16F1777/8/9 Only.
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FIGURE 37-71:

PWRT Period,

PIC16LF1773/6 Only.

FIGURE 37-72:

POR Release Voltage.
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Note: Unless otherwise noted, VIN = 5V, Fosc = 300 kHz, CIN = 0.1 pF, TA = 25°C.

0.28
0.26

0.24
0.22
0.18
125°C
s
85°C
0.16 — )50 C

15 20 25 3.0 3.5 4.0 45 5.0 55 6.0
VoD (V)

Time (ps)

FIGURE 37-133: COG Dead-Band Delay,
DBR/DBF = 32, Typical Measured Values.
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FIGURE 37-134: COG Dead-Band Delay,
DBR/DBF Delay per Step, Typical Measured
Values.
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FIGURE 37-135: COG Dead-Band Delay per
Step, Typical Measured Values.

FIGURE 37-136: COG Dead-Band Delay per
Step, Zoomed to First 10 Codes, Typical
Measured Values.
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PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

PART NO.

Device Tape and Reel Temperature
Option

X . X XX

X

Range

Package

XXX

Pattern

Device:
Tape and Reel
Option:

Temperature
Range:

Package:®

Pattern:

PIC16F1777, PIC16LF1777,
PIC16F1778, PIC16LF1778,
PIC16F1779, PIC16F1779

Blank = Standard packa%)ing (tube or tray)
T = Tape and Reel®

| = -40°Cto +85°C (Industrial)
E = -40°Cto +125°C (Extended)
MV = UQFN, 40-pin 5x5x0.5 mm

MX = UQFN, 28-pin 6x6x0.5 mm

P = PDIP, 40-pin

PT = TQFN, 44-pin 10x10 mm

ML = QFN, 44-pin 8x8 mm

SO = 8SO0IC, 28-pin

SP = SPDIP, 28-pin

SS = SSOP, 28-pin

QTP, SQTP, Code or Special Requirements
(blank otherwise)

Examples:

a) PIC16LF1777-I/P
Industrial temperature
PDIP package

b)  PIC16F1779-E/SS
Extended temperature
SSOP package

Note 1:

Reel option.

Tape and Reel identifier only appears in
the catalog part number description. This
identifier is used for ordering purposes and
is not printed on the device package.
Check with your Microchip Sales Office
for package availability with the Tape and

2:  Small form-factor packaging options may
be available. Please check
www.microchip.com/packaging for
small-form factor package availability, or
contact your local Sales Office.
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