MICROCHIP PIC1 6(L)F1 777/8/9

28/40/44-Pin, 8-Bit Flash Microcontroller

Description

PIC16(L)F1777/8/9 microcontrollers feature a high level of integration of intelligent analog and digital peripherals for a
wide range of applications, such as lighting, power supplies, battery charging, motor control and other general purpose
applications. These devices deliver multiple op amps, 5-/10-bit DACs, high-speed comparators, 10-bit ADC, 10-/16-bit
PWMs, programmable ramp generator (PRG) and other peripherals that can be connected internally to create closed-
loop systems without using pins or the printed circuit board (PCB) area. The 10-/16-bit PWMs, digital signal modulators
and tri-state output op amp can be used together to create a LED dimming engine for lighting applications. The
peripheral pin select (PPS) functionality provides flexibility, eases PCB layout and peripheral utilization by allowing

digital peripheral pin mapping to an 1/O.

Core Features

» C Compiler Optimized RISC Architecture
* Only 49 Instructions
» Operating Speed:
- DC - 32 MHz clock input
- 125 ns minimum instruction cycle
* Interrupt Capability
* 16-Level Deep Hardware Stack
 Five 8-Bit Timers
» Three 16-Bit Timers
* Low-Current Power-on Reset (POR)
» Configurable Power-up Timer (PWRT)
» Brown-out Reset (BOR) with Selectable Trip Point
» Extended Watchdog Timer (EWDT):
- Low-power 31 kHz WDT
- Software selectable prescaler
- Software selectable enable

Memory

* Up to 28 Kbytes Program Flash Memory (PFM)
* Up to 2 Kbytes Data RAM
 Direct, Indirect and Relative Addressing modes
* High-Endurance Flash (HEF):

- 128B of nonvolatile data storage

- 100K Erase/Write cycles

Operating Characteristics

» Operating Voltage Range:
- 1.8V to 3.6V (PIC16LF1777/8/9)
- 2.3V to 5.5V (PIC16F1777/8/9)
» Temperature Range:
- Industrial: -40°C to 85°C
- Extended: -40°C to 125°C

eXtreme Low-Power (XLP) Features

» Sleep mode: 50 nA @ 1.8V, typical
» Watchdog Timer: 500 nA @ 1.8V, typical
» Secondary Oscillator: 500 nA @ 32 kHz
» Operating Current:

- 8uA@ 31 kHz, 1.8V, typical

- 32 uA/MHz @ 1.8V, typical

Intelligent Analog Peripherals

» 10-Bit Analog-to-Digital Converter (ADC):

- Up to 28 external channels
- Conversion available during Sleep
» Four Operational Amplifiers (OPA):
- Selectable internal and external channels
- Tri-state output
- Part of LED dimming engine
- Selectable internal and external channels
» Eight High-Speed Comparators (HS Comp):
- Up to nine external inverting inputs
- Up to 12 external non-inverting inputs
- Fixed Voltage Reference at inverting and
non-inverting input(s)
- Comparator outputs externally accessible
« Digital-to-Analog Converters (DAC):
- Four 10-bit resolution DACs
- 10-bit resolution, rail-to-rail
- Conversion during Sleep
- Internal connections to ADCs and HS
Comparators
» \oltage Reference:
- Fixed Voltage Reference (FVR)
- 1.024V, 2.048V and 4.096V output levels
» Zero-Cross Detector (ZCD):
- Detect high-voltage AC signal
* Four Programmable Ramp Generators (PRG):
- Slope compensation
- Ramp generation
 High-Current Drive 1/Os:
- Up to 100 mA sink or source @ 5V

© 2015-2020 Microchip Technology Inc.

DS40001819D-page 1



PIC16(L)F1777/8/9

Digital Peripherals

» Four Configurable Logic Cells (CLC):
- Integrated combinational and state logic

* Four Complementary Output Generators (COG):
- Push-pull, Full-Bridge and Steering modes

» Four Capture/Compare/PWM (CCP) Modules
* Pulse-Width Modulator (PWM):

- Four 16-bit PWMs

- Independent timers

- Multiple output modes (Edge-, Center-
Aligned, set and toggle on register match)

- User settings for phase, duty cycle, period,
offset and polarity

- 16-bit timer capability

- Three 10-bit PWMs

« Digital Signal Modulator (DSM):
- Modulates a carrier signal with a digital data
to create custom carrier synchronized output
waveforms

- Part of LED dimming engine
 Peripheral Pin Select (PPS):

- 1/O remapping of digital peripherals
» Serial Communications:

- Enhanced USART (EUSART)

- SPI, I°C, RS-232, RS-485, LIN compatible

- Auto-Baud Detect, auto-wake-up on start
* Up to 25 I/O Pins:

- Individually programmable pull-ups

- Slew rate control

- Interrupt-on-change with edge-select

Clocking Structure

* Precision Internal Oscillator:
- 1% at calibration
- Selectable frequency range 32 MHz to

31 kHz

¢ 31 kHz Low-Power Internal Oscillator

* 4x Phase-Locked Loop (PLL) for up to 32 MHz
Internal Operation

« External Oscillator Block with Three External
Clock modes up to 32 MHz

TABLE 1: PIC16(L)F1773/6/7/8/9 FAMILY TYPES
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PIC16(L)F1773 | (A) | 7K | 4K | 128 (512 |25 (5/3 (6 |17 |3/3 |3 [3/3[3 |4 |3 (1|3 |2 |Y|[1]|1 |
PIC16(L)F1776 | (A) | 14K | 8K | 128 | 1K |25 (5/3 (6 [ 17 |3/3 |3 [3/3[3 |4 |3 (1|3 |2 |Y|[1]|1 |
PIC16(L)F1777 | (B) | 14K | 8K | 128 | 1K | 36 [5/3 | 8 |28 |4/4 | 4 |(4/4 |4 |4 |4 |1 | 4 |2 |Y |11 |
PIC16(L)F1778 | (B) | 28K | 16K | 128 | 2K | 25 [5/3 |6 |17 |3/3 |3 |3/3 |3 |4 |3 |1 | 3 |2 |Y|[1][|1 |
PIC16(L)F1779 | (B) | 28K | 16K | 128 | 2K | 36 [5/3 | 8 |28 |4/4 | 4 |(4/4 |4 |4 |4 |1 | 4 | 2 |Y |11 |
Note 1: One pin is input-only.
2: |- Debugging integrated on chip.

Data Sheet Index:
A: DS40001810
B: DS40001819

PIC16(L)F1773/6 Data Sheet, 28-Pin, 8-bit Flash Microcontrollers
PIC16(L)F1777/8/9 Data Sheet, 28/40/44-Pin, 8-bit Flash Microcontrollers

Note:  For other small form-factor package availability and marking information, please visit
http://www.microchip.com/packaging or contact your local sales office.
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http://www.microchip.com/wwwproducts/Devices.aspx?product=PIC16F1773
http://www.microchip.com/wwwproducts/Devices.aspx?product=PIC16F1777
http://www.microchip.com/wwwproducts/Devices.aspx?product=PIC16F1778
http://www.microchip.com/wwwproducts/Devices.aspx?product=PIC16F1779

PIC16(L)F1777/8/9

TABLE 2: PACKAGES

Packages SPDIP PDIP SoIC SSOP UQFN QFN TQFP VQFN
PIC16(L)F1778 ° ° ° °
PIC16(L)F1777/9 i i i i °
| Note: Pin details are subject to change. I
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PIC16(L)F1777/8/9

PIN DIAGRAMS

FIGURE 1: 28-PIN SPDIP, SOIC, SSOP
VPPIMCLR/RE3 [ |1 - 28| | RB7/ICSPDAT
RAO [ ]2 27[] RB6/ICSPCLK
RA1[]3 26 ] RB5
RA2 [ |4 25| RB4
RA3[|5 24[ ] RB3
RA4 |6 % 23] RB2
RA5[]7 ~ 22|'] RB1
(1Y
vss[|s S 21[] RBO
RA7[|9 S 20[] Voo
RA6 [ |10 g 19[ ] Vss
Rco [ |11 18[] RC7
Rc1[]12 17[ ] RC6
RC2[]13 16[ ] RC5
RC3[]14 15[ ] RC4
Note:  See Table 3 for location of all peripheral functions.
FIGURE 2: 28-PIN UQFN (6x6x0.5 mm)
&
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28 27 26 25 24 23 22
RA2|1 @ 21 | RB3
RA3 | 20 | RB2
RA4| 3 19 | RB1
RA5]4 PIC16(L)F1778 5| rpo
Vss| 5 17 || Voo
RA7 | 6 16 || Vss
RAB| 7 15 | RC7
8 910 1112 1314

Note:  See Table 3 for location of all peripheral functions.
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PIC16(L)F1777/8/9

FIGURE 3: 40-PIN PDIP
VPP/MCLR/RE3 [ |1 J 40[ ] RB7/ICSPDAT
RAO[ |2 39| | RB6/ICSPCLK
RA1[]3 38] | RB5
RA2[ |4 37[] RB4
RA3[]5 36| | RB3
RA4[]6 35[ | RB2
RA5[ |7 34] | RB1
REO[ s 33[ ] RBO
RE1[ ]9 2 32[ ] VoD
RE2[]10 E 31[] vss
VoD [ |11 w 30[ ] RD7
Vss[]12 %" 29[ | RD6
RA7[]13 O 28[] RD5
RA6 [ |14 o 27 ] RD4
RCO[]15 26| | RC7
RC1[]16 25 | RC6
RC2[ |17 24/ ] RC5
RC3[[18 23| RC4
RDO[ |19 22[ | RD3
RD1[ |20 21[] RD2

Note:  See Table 4 for location of all peripheral functions.

FIGURE 4: 40-PIN UQFN (5x5x0.5 mm)

® 40 30 38 37 36 35 34 33 32 31
RC7 11 40 39 38 37 36 35 34 31
RD4 §2 300 RCO
RD5 3 291 RAB
RD6 14 281 RA7
RD7 g5 270 vss
Vss 16 PIC16(L)F1777/9 261 \/pD
VDD 17 250 RE2
RBO 18 241 RE1
RB1 )19 23AREO
RB2 10 221 RA5
21| RA4
111213141516 1718 1920
DT DO~ OO = N M
0OmMm <
EEEENESS Y
¥ = |2
< |3
o0
[ %) %
OO g
>

Note:  See Table 4 for location of all peripheral functions.
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PIC16(L)F1777/8/9

FIGURE 5: 40-PIN QFN, VQFN (5x5x0.9 mm)

® /0 39 38 37 36 35 34 33 32 31
RC7 T 40 39 38 37 36 35 34 31
RD4 §2 300 RCO
RD5 13 291 RAG
RD6 4 281 RA7
RD7 g5 270 vss
Vss 16 PIC16(L)F1777/9 261\/pp
VoD 7 250 RE2
RBO 18 241 RE1
RB1 9 231 REO
RB2 110 221 RA5
211RA4
11213141516 1718 1920
DT HDON OO = N M
[a0]
LRSS
¥ = |2
< |3
22l
0 0 E
0O &
>
Note:  See Table 4 for location of all peripheral functions.
FIGURE 6: 44-PIN TQFP (10x10 mm)
O O T O AN T— O MAN v
SHNNalaflafaBe NSRS NS)
Frrererrrreec 2
044 43424140 3938 37 36 35 34
RC7 1O 1 33111 NC
RD4 17 2 32111 RCO
RD5 11 3 3111 RA6
RDe 1 4 30111 RA7
RD7 IO 5 29111 Vss
Vss 1T 6 PIC16(L)F1777/9 28111 VbD
Vop [T 7 RE2
RBO 1T 8 RE1
RB1 CTH 9 REO
RB2 CTT 10 RAS
RB3 T 11 RA4
121314 151617 181920 21 22

ICSPCLK/RB6 111
ICSPDAT/RB7 111
VPP/MCLR/RE3 [T
ANO/RAO 11
AN1/RA1 1O

Note:  See Table 4 for location of all peripheral functions.
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PIC16(L)F1777/8/9

FIGURE 7: 44-PIN QFN (8X8 mm)
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Rc7[ |1 33[] RAG
RD4[] 2 32 [] RA7
RD5 [ |3 31[]NIC
RD6[ | 4 30 [] Vss
RD7[]5 29 [] NIC
i PIC16F1777/9 ]
vss [| 6 28 [ ] vop
vop [| 7 27| ] RE2
vop [| 8 26 [ | RE1
RBO [] 9 25 ] REO
RB1 [ |10 24 [] RA5
RB2 [ | 11 23 [] RA4
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Note:  See Table 4 for location of all peripheral functions.
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PIN ALLOCATION TABLES

TABLE 3: 28-PIN ALLOCATION TABLE (PIC16(L)F1778)
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RAO 2 [ 27| ANO — — = C1INO- | — = — — — cLCINO™ — — — 10C Y — —
C2INO-
C3INO-
C4INO-
C5INO-
C6INO-
RA1 3 | 28| AN1 — — OPA10OUT | C1IN1- | — | PRG1INO — — — — CLCIN1(M — — — [ole} Y — —
OPA2IN1+ | C2IN1- PRG2IN1
OPA2IN1- | C3IN1-
C4IN1-
RA2 4 (1 AN2 | DAC1REFO- | DAC10UT1 — C1INO+ | — — — — — — — = = — 10C Y — —
VREF- DAC2REFO0- C2INO+
DAC3REFO0- C3INO+
DAC4REFO0- C4INO+
DAC5REFO- C5INO+
DAC7REFO- C6INO+
RA3 5| 2 AN3 | DAC1REFO+ — — C1INT+ | — — — — — — — mp1cL™® — — [o]e} Y — —
VREF+ | DAC2REFO+
DAC3REF0+
DAC4REF0+
DAC5REFO0+
DACT7REF0+
RA4 6 | 3 — — DAC40UT1 | OPA1INO+ — — | PRGIRM | TOCKI — — — — MD1CH™M — 10C — —
RA5 7| 4 AN4 — DAC20UT1 | OPA1INO- — — | PRGTF — — — — — mMp1MoDM | — S IoC Y — —
RA6 10| 7 — — — — C6INT+ | — — = = — = = = — — 10C — 0sC2
CLKOUT
RA7 9| 6 — — — — — — — — — — — — — — — [ole} Y — 0sC1
CLKIN
RBO 21|18 | AN12 — — = C2IN1+ | ZCD = — — = COG1INM = — — = 10C Y HIBO =
INT
RB1 22 |19 | AN10 — — OPA20UT | C1IN3- | — | PRG2INO — — — COG2INM — — — — I0C \ HIB1 —
OPA1IN1+ | C2IN3- PRG1IN1
OPA1IN1- | C3IN3-
C4IN3-
RB2 23|20 | AN8 — DAC30UT1 | OPA2INO- — — — — — — COG3INM — — — — 10C — —
RB3 24 | 21 AN9 — — OPA2INO+ | C1IN2- | — — — — — — — mp3cL(® — — IoC Y — —
C2IN2-
C3IN2-
Note 1: Default peripheral input. Input can be moved to any other pin with the PPS input selection register.
2: All pin outputs default to PORT latch data. Any pin can be selected as a digital peripheral output with the PPS output selection registers.

These peripheral functions are bidirectional. The output pin selections must be the same as the input pin selections.
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TABLE 3: 28-PIN ALLOCATION TABLE (PIC16(L)F1778) (CONTINUED)
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RB4 25 | 22 [ AN11 — — — C3IN1+ [ — — T5G — — — — MD3CH™M — — 10C Y — —
RB5 26 | 23 | AN13 | DAC5REF1- — — C4IN2- | — — T1G — ccp7™ — — mp3moD™M | — — IoC Y — —
DAC7REF1-
RB6 27 | 24 — DACS5REF1+ — — C4IN1+ | — — — — — — cLCIN2(M — — — 10C Y — | IcSPCLK
DAC7REF1+
RB7 28 | 25 — — DAC10UT2 — C5IN1+ | — — TeIN(M — — — CLCIN3™ — — — IoC Y — | ICSPDAT
DAC20UT2
DAC30UT2
DAC40UT2
DAC50UT2
DAC70UT2
RCO 1| 8 = — DAC50UT1 = — = = TICKID [ — = — = — — = 10C Y — =
T3CKIM
T3GM
SOSCO
RC1 12| 9 — — DAC70UT1 — — — | PRG2RM | soscli — ccp2) — — — — — IoC — —
RC2 13 [ 10 | AN14 — — — C5IN2- | — | PRG2FM | T5CKI — | ccp1® — — — — — 10C Y — —
C6IN2-
RC3 14 | 11| AN15 — — — C1IN4- | — — T2IN(M — — — — mp2cL(® — SCL IoC Y — —
C2IN4-
C3IN4-
C4IN4-
C5IN4-
CBIN4-
RC4 15 | 12 | AN16 — — = C5IN3- | — | PRG3R(™ | T8IN(M — = — = MD2CH™ — SDA 10C Y — =
C6IN3-
RC5 16 | 13 | AN17 — — OPA3INO+ — — | PRG3F(M | T4IN( — — — — MD2moD™ — — 10C Y — —
RC6 17 | 14 | AN18 — — OPA30OUT | C5IN1- | — | PRG3INO — — = — — — — = 10C Y — —
CBIN1-
RC7 18 | 15 | AN19 — — OPA3INO- — — — — — — — — — — — 10C Y — —
RE3 1|26 — — — — — — — — — — — — — — — 10C — — MCLR
VepP
VDD 20 | 17 — — — — — — — — — — — — — — — — — — VDD
Vss 8 | 5 — — — — — — — — — — — — — — — — — — Vss
Vss 19 | 16 — — — — — — — — — — — — — — — — — — Vss
Note 1: Default peripheral input. Input can be moved to any other pin with the PPS input selection register.
2: All pin outputs default to PORT latch data. Any pin can be selected as a digital peripheral output with the PPS output selection registers.

These peripheral functions are bidirectional. The output pin selections must be the same as the input pin selections.
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TABLE 3: 28-PIN ALLOCATION TABLE (PIC16(L)F1778) (CONTINUED)
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out® | — | — — — — — c10UT | — — — PWM3 | CCP1 COG1A |cLctouT | mpiouT | DTO SDO — — — —
Cc20UT PWM4 CCP2 COG1B CLC20UT | MD20UT X SDAR)
C30UT PWM5 | CCP7 COG1C | CLC30UT | MD3OUT CK SCK
caouT PWM6 COG1D | CLC4OUT scL®
C50UT PWM9 COG2A
C60UT PWM11 C0OG2B
coG2C
COG2D
COG3A
COG3B
COG3C
COG3D
Note 1: Default peripheral input. Input can be moved to any other pin with the PPS input selection register.
2: All pin outputs default to PORT latch data. Any pin can be selected as a digital peripheral output with the PPS output selection registers.

These peripheral functions are bidirectional. The output pin selections must be the same as the input pin selections.
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TABLE 4: 40/44-PIN ALLOCATION TABLE (PIC16(L)F1777/9)
z
o [ = -
Slog|l| Z S = - H
a| S| 6| & o - » ] = Y 4 2
a| > (<] w 3 2 [4 o Q £ ©
o |El3|%] =] 8 i g < 5 |8 £ g g & 8 Q 2 < ] E | 2| 3 s
= £ - s g < > a a € N o E o (5] o o 'g 35 s S S = om
O I e o ] = w = o 2
TSI o I
<
RAO 2 (17|19 | 19 | ANO — — — C1INO- | — — — — — — cLCINo(™ — — — 10C Y — —
C2INO-
C3INO-
C4INO-
C5INO-
C6INO-
C7INO-
CB8INO-
RA1 3 (18|20 | 20 | AN1 — — OPA1OUT | C1IN1- | — | PRG1INO — — — — CLCIN1( — — — 10C \4 — —
OPA2IN1+ | C2IN1- PRG2IN1
OPA2IN1- | C3IN1-
C4IN1-
RA2 4 |19 21| 21 | AN2 | DACIREFO- | DAC10UT1 = C1INO+ | — — — = — — = = — — 10C Y — —
VREF- | DAC2REFO- C2INO+
DAC3REF0- C3INO+
DAC4REFO0- C4INO+
DACS5REFO- C5INO+
DACBREF0- C6INO+
DAC7REF0- C7INO+
DACBREF0- CB8INO+
RA3 5 | 20| 22| 22| AN3 | DACTREFO+ — — CUN1+ | — — — — — — — mp1cL® — — 10C \4 — —
VREF+ | DAC2REF0+
DAC3REF0+
DAC4REFO0+
DACS5REF0+
DACBREFO0+
DAC7REF0+
DACBREF0+
RA4 6 | 21|23 | 23 — = — OPA1INO+ — — | PRGIRM — = — — = MD1CH(M — — 10C Y — —
RA5 7 | 22| 24| 24| AN4 — DAC20UT1 | OPA1INO- — — | PRGTF(M — — — — — mpimMoD™ | — ssS 10C Y — —
RA6 14 (29 (3133 | — — — — CEIN1+ | — — — — — — — — — — 10C Y — 0sC2
CLKOUT
RA7 1328 (30 32| — — — — — — — — — — — — — — — 10C Y — 0osc1
CLKIN
RBO 33| 8|8 | 9 | AN12 — — — C2IN1+ | ZCD — — — ccprs | cog1IN — mp4cL™) — — 10C Y | HIBO —
INT
RB1 34| 9| 9|10 | ANTO — — OPA20UT | C1IN3- | — | PRG2INO — — — CoG2INM — MD4CH™M — — 10C Y | HIB1 —
OPA1IN1+ | C2IN3- PRG1IN1
OPA1IN1- | C3IN3- PRG4R(
C4IN3-
RB2 35|10 [ 10 | 11 | ANS = DAC30UT1 | OPA2INO- — — | PRG4F( — = — COG3INM = mp4mop™ | — — 10C Y — —
RB3 36 | 11|11 ] 12| AN — — OPA2INO+ | C1IN2- | — — — — — — — mp3cL™) — — 10C Y — —
C2IN2-
C3IN2-
Note 1: Default peripheral input. Input can be moved to any other pin with the PPS input selection register.
2: All pin outputs default to PORT latch data. Any pin can be selected as a digital peripheral output with the PPS output selection registers.

These peripheral functions are bidirectional. The output pin selections must be the same as the input pin selections.
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TABLE 4: 40/44-PIN ALLOCATION TABLE (PIC16(L)F1777/9) (CONTINUED)
z
o o = e
il | Z o = -
8(s|c| 5 2 5 s g E 5 2 g
o | = (<} w £ o 4 s a ] o o 5 - £ )
o |S535l 8 g g < s |8 2 g g & 8 9 3 g @ E | 2] 3 e
- = c | & o < > a [-% £ N o = o o o (3} 3 > s 8 S = om
s|le|<4| 3 © S = [ = a =]
Tl I o I
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RB4 37 | 12 | 14 | 14 | ANT1 — — — C3IN1+ | — — — — — — — MD3CH™M — — 10C — —
RB5 38 | 13 | 15 | 15 | AN13 | DAC5REF1- — — C4IN2- | — — - — ccp7™ — — MD3moD(™ — — 10C Y — —
DAC7REF1-
RB6 39 (14 | 16 | 16 — | DAC5REF1+ — — C4IN1+ | — — — — — — CLCIN2M — — — 10C Y — | ICSPCLK
DAC7REF1+
RB7 40 | 15 [ 17 | 17 — — DAC10UT2 — C5INT+ | — — TeINM — — — CLCIN3™ — — — 10C Y — | ICSPDAT
DAC20UT2
DAC30UT2
DAC40UT2
DAC50UT2
DAC60UT2
DAC70UT2
DAC80OUT2
RCO 15 (30 | 32 | 34 — — DAC50UT1 — — — — TIcKM [ — — — — — — — 10C Y — —
T3cKIM
136"
S0SCO
RC1 16 |31 (35| 35 — — DAC70UT1 — — — | PRG2RM | sosclI — ccp2t) — — — — — 10C Y — —
RC2 17 | 32 | 36 | 36 | AN14 — — — C5IN2- | — | PRG2FM — — | ccp1® — — — — — 10C Y — —
CBIN2-
RC3 18 | 33 | 37 | 37 | AN15 — — — — — — T2INM — — — — mp2cL™ — SCL 10C Y — —
RC4 23 | 38 | 42 | 42 | AN16 = = = C5IN3- | — | PRG3R™M [ T8INM = = — = MD2CH™ — SDA 10C Y — —
CBIN3-
RC5 24 | 39 | 43 | 43 | AN17 — — OPA3INO+ — — | PRG3FM | T4IN( — — — — MD2mop™ — — 10C Y — —
RC6 25 | 40 | 44 | 44 | AN18 — — OPA30UT | C5IN1- | — | PRG3INO — — — — — — = = 10C Y = =
OPA4IN1+ | C6IN1- PRG4IN1
OPA4IN1- | C7IN1-
C8IN1-
RC7 261 1] 1| AN9 — — OPA3INO- — — — — — — — — — — — 10C Y — —
RDO 19 | 34 | 38 | 38 | AN20 — — OPA4INO+ — — — — — — — — — — — — Y — —
RD1 20 | 35 | 39 | 39 | AN21 — — OPA40UT | C1IN4- | — | PRG3IN1 — — — — — — — — — Y — —
OPA3IN1+ | C2IN4- PRG4INO
OPA3IN1- | C3IN4-
C4IN4-
C5IN4-
C6IN4-
C7IN4-
C8IN4-
RD2 21 | 36 | 40 | 40 | AN22 — DAC40UT1 | OPA4INO- — — — — — — — — — — — — Y — —
RD3 22 | 37 | 41| 41 | AN23 — — — C8IN2- | — — — — — — — — — — — Y — —
RD4 27| 2 | 2| 2 | AN24 — — — C7IN2- | — — — — — — — — — — — Y — —
RD5 28| 3| 3| 3 | AN25 — — — C7IN3- | — — — — — — — — — — — Y — —
C8IN3-
Note 1: Default peripheral input. Input can be moved to any other pin with the PPS input selection register.
2: All pin outputs default to PORT latch data. Any pin can be selected as a digital peripheral output with the PPS output selection registers.

These peripheral functions are bidirectional. The output pin selections must be the same as the input pin selections.
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TABLE 4: 40/44-PIN ALLOCATION TABLE (PIC16(L)F1777/9) (CONTINUED)
z
o [ = s
il | Z ] = -
8(s|c|§ 2 5 s g E g 2 g
o | > (<} w £ o 4 s a ] o o 5 - £ )
o |S535 =| 8 g 2 2 § | 8 e g s 5 8 9 3 g @ E | 2| 3 [
= & = I o < > a [-% £ N o 5 o (] o o 'g > s K] S = om
sla|l<| 3 ° S = o £ -
Tl 3| o T
<
RD6 29| 4 | 4| 4 | AN26 — — — C7IN1+ | — — — — = = — — = = = =
RD7 30| 5 AN27 — — — C8IN1+ | — — — — — — — — — — — Y — —
REO 8 | 23| 25| 25 | AN5 | DACBREF1+ = = = = = = = = = = = — = = Y = =
DACSREF1+
RE1 9 | 24| 26| 26 | AN6 | DACBREF1- | DAC6OUT1 — — — — — — — — — — — — — Y — —
DAC8REF1-
RE2 10 | 25 | 27 | 27 | AN7 = DAC80UT1 = = = = = = = = = = — = = Y = =
RE3 1|16 [18| 18| — — — — — — — — — — — — — — — 10C Y — MCLR
Vpp
VDD M|z |7 |78 — = — = — — — = = = = = = = = = = = VDD
VDD 32|26 28|28 | — — — — — — — — — — — — — — — — — — VDD
Vss 126 |6 | 6 — — — — — — — = = = = = = = = = = = Vss
Vss 31127 |29 | 30 — — — — — — — — — — — — — — — — — — Vss
out® | — | — | — — — — — c1ouT | — — — PWM3 | CCP1 COG1A |cLc1oUT | MD1oOUT | DT® [Shle} — — — —
Cc20UT PWM4 | CCP2 | COG1B |CLC20UT | MD20OUT X SDA®)
C30UT PWM5 | CCP7 | COG1C |CLC30UT| MD30OUT CK SCK
c40uUT PWM6 | CCP8 | COG1D |CLC40UT | MD4OUT scL®
C50UT PWM9 COG2A
C60UT PWM10 COG2B
C70UT PWM11 COG2C
C8ouT PWM12 COG2D
COG3A
COG3B
COG3C
COG3D
COG4A
COG4B
COG4C
COG4D
Note 1: Default peripheral input. Input can be moved to any other pin with the PPS input selection register.

All pin outputs default to PORT latch data. Any pin can be selected as a digital peripheral output with the PPS output selection registers.
These peripheral functions are bidirectional. The output pin selections must be the same as the input pin selections.
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TO OUR VALUED CUSTOMERS

It is our intention to provide our valued customers with the best documentation possible to ensure successful use of your Microchip
products. To this end, we will continue to improve our publications to better suit your needs. Our publications will be refined and
enhanced as new volumes and updates are introduced.

If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via
E-mail at docerrors@microchip.com. We welcome your feedback.

Most Current Data Sheet

To obtain the most up-to-date version of this data sheet, please register at our Worldwide Website at:
http://www.microchip.com

You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.
The last character of the literature number is the version number, (e.g., DS30000000A is version A of document DS30000000).

Errata

An errata sheet, describing minor operational differences from the data sheet and recommended workarounds, may exist for current
devices. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the revision
of silicon and revision of document to which it applies.

To determine if an errata sheet exists for a particular device, please check with one of the following:

* Microchip’s Worldwide Website; http://www.microchip.com
» Your local Microchip sales office (see last page)

When contacting a sales office, please specify which device, revision of silicon and data sheet (include literature number) you are
using.

Customer Notification System

Register on our website at www.microchip.com to receive the most current information on all of our products.

© 2015-2020 Microchip Technology Inc. DS40001819D-page 15
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1.0 DEVICE OVERVIEW TABLE 1-1:  DEVICE PERIPHERAL
SUMMARY

The PIC16(L)F1777/8/9 are described within this data .
sheet. See Table 2 for available package configurations. E N
. . - ~
Figure 1-1  shows a block diagram of the Peripheral £l E
. . 1 -5
PIC16(L)F1777/8/9 devices. Table 1-2 shows the pinout P g 5
descriptions. 210
. . . o
Refer to Table 1-1 for peripherals available per device.
Configurable Logic Cell (CLC)
TABLE 1-1: DEVICE PERIPHERAL CLC1| o | o
SUMMARY CLC2| o | o
=] CLC3| o .
RIR
~ R CLC4| o | o
Peripheral I;_,"’: ‘3,; Data Signal Modulator (DSM)
2l e DSM1| o | @
Q|5
&g DSM2| o | e
Analog-to-Digital Converter (ADC) o | o DSM3| o | o
Fixed Voltage Reference (FVR) . ° DSm4 e
: Enhanced Universal Synchronous/Asynchronous
Zero-C Detection (ZCD
Tero ross Ie:c fon ( ) hd hd Receiver/Transmitter (EUSART)
It icatt
Cemp«Tra ure In |(c)a or _ — ° . | EUSART| . .
t; tput i
omplementary Output Generator ( ) oG Master Synchronous Serial Ports
o el B | MssP| o [ o
c0G3 hd hd Op Amps
°*le OPAT] o | o
4
coG ° oPA2| o | o
Programmable Ramp Generator (PRG) oPA3 | e .
PRGT| o | » OPA4 .
PRG2| e . . -
10-bit Pulse-Width Modulator (PWM)
PRG3| e .
PWM3 | e °
PRG4 °
o~ PWM4 | e .
10-bit Digital-to-Analog Converter (DAC) PWMO | o .
DAC1| e . BWI0 "
DAC2| o | e 16-bit Pulse-Width Modulator (PWM)
gigz bl PWM5| o | o
5-bit Digital-to-Analog C DAC : PWMe L .
-bit Digital-to-Analog Converter ( ) — PWMT | e .
—ca bl PWM12 .
o bl 8-bit Timers
DACS hd hd Timer0 | o .
hd Timer2 | o .
Capture/Compare/PWM (CCP/ECCP) Modules -
oCP1 Timer4 | o .
L] L]
ooP2 Timer6 | o .
ocp hd hd Timer8 | o .
AL 16-bit Timers
CCP8 . -
c " Timer1 | o °
omparators Timer3 | e .
C1| e ° :
Timer5| o °
C2| o .
C3| o o
C4| e °
C5| e o
C6| o o
Cc7 .
C8 .
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11 Register and Bit naming
conventions

1.1.1 REGISTER NAMES

When there are multiple instances of the same
peripheral in a device, the peripheral control registers
will be depicted as the concatenation of a peripheral
identifier, peripheral instance, and control identifier.
The control registers section will show just one
instance of all the register names with an ‘x’ in the place
of the peripheral instance number. This naming
convention may also be applied to peripherals when
there is only one instance of that peripheral in the
device to maintain compatibility with other devices in
the family that contain more than one.

1.1.2 BIT NAMES
There are two variants for bit names:

» Short name: Bit function abbreviation
* Long name: Peripheral abbreviation + short name

1.1.2.1 Short Bit Names

Short bit names are an abbreviation for the bit function.
For example, some peripherals are enabled with the
EN bit. The bit names shown in the registers are the
short name variant.

Short bit names are useful when accessing bits in C
programs. The general format for accessing bits by the
short name is RegisterNamebits.ShortName. For
example, the enable bit, EN, in the COG1CONO regis-
ter can be set in C programs with the instruction
COG1CONQObits.EN = 1.

Short names are generally not useful in assembly
programs because the same name may be used by
different peripherals in different bit positions. When this
occurs, during the include file generation, all instances
of that short bit name are appended with an underscore
plus the name of the register in which the bit resides to
avoid naming contentions.

1.1.2.2 Long Bit Names

Long bit names are constructed by adding a peripheral
abbreviation prefix to the short name. The prefix is
unique to the peripheral, thereby making every long bit
name unique. The long bit name for the COG1 enable
bit is the COG1 prefix, G1, appended with the enable
bit short name, EN, resulting in the unique bit name
G1EN.

Long bit names are useful in both C and assembly pro-
grams. For example, in C the COG1CONO enable bit
can be set with the G1IEN = 1 instruction. In assembly,
this bit can be set with the BSF COG1CONO,G1EN
instruction.

1.1.2.3 Bit Fields

Bit fields are two or more adjacent bits in the same
register. Bit fields adhere only to the short bit naming
convention. For example, the three Least Significant
bits of the COG1CONO register contain the mode
control bits. The short name for this field is MD. There
is no long bit name variant. Bit field access is only
possible in C programs. The following example
demonstrates a C program instruction for setting the
COGH1 to the Push-Pull mode:

COG1CONQObits.MD = 0x5;

Individual bits in a bit field can also be accessed with
long and short bit names. Each bit is the field name
appended with the number of the bit position within the
field. For example, the Most Significant mode bit has
the short bit name MD2 and the long bit name is
G1MD2. The following two examples demonstrate
assembly program sequences for setting the COG1 to
the Push-Pull mode:

EXAMPLE 1-1:

MOVLW ~ (1<<G1MD1)
ANDWF COG1CONO, F
MOVLW 1<<GI1MD2 | 1<<G1MDO
IORWEF COG1CONO, F

EXAMPLE 1-2:
BSF COG1CONO, G1MD2
BCF COG1CONO, G1MD1
BSF COG1CONO, G1MDO

1.1.3 REGISTER AND BIT NAMING
EXCEPTIONS

1.1.3.1 Status, Interrupt, and Mirror Bits

Status, interrupt enables, interrupt flags, and mirror bits
are contained in registers that span more than one
peripheral. In these cases, the bit name shown is
unique so there is no prefix or short name variant.

1.1.3.2 Legacy Peripherals

There are some peripherals that do not strictly adhere
to these naming conventions. Peripherals that have
existed for many years and are present in almost every
device are the exceptions. These exceptions were
necessary to limit the adverse impact of the new
conventions on legacy code. Peripherals that do
adhere to the new convention will include a table in the
registers section indicating the long name prefix for
each peripheral instance. Peripherals that fall into the
exception category will not have this table. These
peripherals include, but are not limited to, the following:

+ EUSART
« MSSP

© 2015-2020 Microchip Technology Inc.
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FIGURE 1-1: PIC16(L)F1777/8/9 BLOCK DIAGRAM
Program
Flash Memory
RAM  [€=1=P| PORTA
—)> PORTB
CLKOUT Timing
X]<«»| Generation
]
HFINTOSC/ —»| PORTC
CLKIN LFINTOSC cPU
™| Oscillator —
Figure 1-1 —»| PORTD
MCLR X}

=) PORTE

—} DSMs

PRGs |
=) ZCD
Op Amps PWMs Tg‘jti,[s ﬂ'gﬁf %’f‘g,{s MSSP Comparators
—p| COG
Temp. ADC DACs
indicator P 10t (€= FYR P o CCPs EUSART CLCs
Note 1:  See applicable chapters for more information on peripherals.
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TABLE 1-2: PIC16(L)F1778 PINOUT DESCRIPTION

Name Function Input | Output Description
Type | Type
RAO/ANO/C1INO-/C2INO-/ RAO TTL/ST | CMOS | General purpose 1/O.
C3INO-/C4IN0-/C5INO-/ -
C6INO-/CLCINO™ ANO AN — | ADC Channel 0 input.
C1INO- AN — Comparator 1 negative input.
C2INO- AN — Comparator 2 negative input.
C3INO- AN — Comparator 3 negative input.
C4INO- AN — Comparator 4 negative input.
C5INO- AN — Comparator 5 negative input.
C6INO- AN — Comparator 6 negative input.
cLcINO™ | TTL/ST| — | CLCinputO.
RA1/AN1/C1IN1-/C2IN1-/ RA1 TTL/ST | CMOS | General purpose I/O.
C3IN1-/C4IN1-/PRG1INO/ AN1 AN — | channel 1 input.
PRG2IN1/OPA1OUT/OPA2IN1+/ C1INT AN C ] —
OPA2IN1-/CLCINT(™ - — omparator 1 negative input.
C2IN1- AN — Comparator 2 negative input.
C3IN1- AN — Comparator 3 negative input.
C4IN1- AN — Comparator 4 negative input.
PRG1INO AN — Ramp generator 1 reference voltage input.
PRG2IN1 AN — Ramp generator 2 reference voltage input.
OPA10UT — AN | Operational amplifier 1 output.
OPA2IN1+ AN — Operational amplifier 2 non-inverting input.
OPA2IN1- AN — Operational amplifier 2 inverting input.
CLCIN1® |TTLUST| — |CLCinput 1.
RA2/AN2/VREF-/DAC1REFO0-/ RA2 TTL/ST | CMOS | General purpose I/0.
DAC2REF0-/DAC3REF0-/ AN2 AN — | ADC channel 2 input.
DAC4REF0-/DAC5REFO0-/ -
DAC7REFO-/C1INO+/C2INO+/ VREF- AN — | ADC negative reference.
C3INO+/C4INO+/C5INO+/ DAC1REFO- AN — DAC1 negative reference.
C6INO+/DAC10UT1 DAC2REFO- | AN — | DAC2 negative reference.
DAC3REFO- | AN — DAC3 negative reference.
DAC4REFO- | AN — DAC4 negative reference.
DAC5REFO0- AN — DACS5 negative reference.
DAC7REFO- AN — DACY negative reference.
C1INO+ AN — Comparator 1 positive input.
C2INO+ AN — Comparator 2 positive input.
C3INO+ AN — Comparator 3 positive input.
C4INO+ AN — Comparator 4 positive input.
C5INO+ AN — Comparator 5 positive input.
C6INO+ AN — Comparator 6 positive input.
DAC10UT1 — AN | DAC1 voltage output.
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 [’C = Schmitt Trigger input with 12c
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:  All 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.

© 2015-2020 Microchip Technology Inc. DS40001819D-page 19
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TABLE 1-2: PIC16(L)F1778 PINOUT DESCRIPTION (CONTINUED)

Name Function I.;_‘yppl: o'ltcs:t Description
RA3/AN3/VREF+/DAC1REF0+/ RA3 TTL/ST | CMOS | General purpose I/O.
DACZREF0+/DAC3REF0+/ AN3 AN — | ADC Channel 3 input.
DAC4REFO0+/DAC5REF0+/ —

DAC7REFO+/C1IN1+/MD1CL VREF+ AN — ADC positive reference.
DAC1REFO+ AN — DAC1 positive reference.
DAC2REFO0+ AN — DAC2 positive reference.
DAC3REFO+ | AN — DACS3 positive reference.
DAC4REFO+| AN — DAC4 positive reference.
DAC5REFO+ | AN — DACS positive reference.
DAC7REFO+ | AN — DACY positive reference.
C1IN1+ AN — Comparator 1 positive input.
mpicLM | TTUST| — 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.
PRGT1R(M |TTL/ST| — | Ramp generator set_rising input.
MD1CHM | TTUST| — Data signal modulator 1 high carrier input.
DAC40UT1 — AN | DAC4 voltage output.
TockI™M | TTL/ST| — | TimerO clock input.
RA5/AN4/OPA1INO-/ RA5 TTL/ST | CMOS | General purpose I/O.
DAC20UT1/PRG1F/ AN4 AN — | ADC Channel 4 input.
MD1MOD/SS - — - .
OPA1INO- AN — Operational amplifier 1 inverting input.
DAC20UT1 — AN | DAC2 voltage output.
PRGI1FM | TTL/ST — Ramp generator set_falling input.
MD1MOD!" | TTL/ST| — |Data signal modulator modulation input.
SS ST — Slave Select input.
RA6/CLKOUT/CBIN1+/0SC2 RA6 TTL/ST | CMOS | General purpose I/0.
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 I/O.
CLKIN TTL/ST| — |CLCinput.
0OSC1 XTAL — Crystal/Resonator (LP, XT, HS modes).
RB0/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.
COG1INM | TTL/ST — Complementary output generator 1 input.
Legend: AN = Analog input or output CMOS= CMOS compatible input or output OD = Open-Drain
TTL = TTL compatible input ST = Schmitt Trigger input with CMOS levels [2C = Schmitt Trigger input with 12c
HP = High Power XTAL = Crystal levels

Note 1:
2:

the PPS output selection registers.

3:

Default peripheral input. Alternate pins can be selected as the peripheral input with the PPS input selection registers.
All pin digital outputs default to PORT latch data. Alternate outputs can be selected as the peripheral digital output with

These peripheral functions are bidirectional. The output pin selections must be the same as the input pin selections.

DS40001819D-page 20
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TABLE 1-2: PIC16(L)F1778 PINOUT DESCRIPTION (CONTINUED)

Name Function I.;_‘yppl: o'ltcs:t Description
RB1/AN10/PRG1IN1/PRG2INO/ RB1 TTL/ST | CMOS | General purpose I/O.
HIB1/C1IN3-/C2IN3-/C3IN3-/ AN10 AN — | ADC Channel 10 input.
C4IN3-/OPA20UT/OPA1IN1+/ -
OPA1IN1-/COG2IN PRG1IN1 AN — Ramp generator 1 reference voltage input.

PRG2INO AN — Ramp generator 2 reference voltage input.
HIB1 HP HP | High-Power output.
C1IN3- AN — Comparator 1 negative input.
C2IN3- AN — Comparator 2 negative input.
C3IN3- AN — Comparator 3 negative input.
C4IN3- AN — Comparator 4 negative input.
OPA20UT — AN | Operational amplifier 2 output.
OPA1IN1+ AN — Operational amplifier 1 non-inverting input.
OPA1IN1- AN — Operational amplifier 1 inverting input.
COG2INM | TTL/ST — Complementary output generator 2 input.
RB2/AN8/OPA2INO-/ RB2 TTL/ST | CMOS | General purpose I/O.
DAC30UT1/COG3IN ANS AN — | ADC channel 8 input.
OPA2INO- AN — Operational amplifier 2 inverting input.
DAC30UT1 — AN | DAC3 voltage output.
COG3INM | TTL/ST — Complementary output generator 3 input.
RB3/AN9/C1IN2-/C2IN2-/ RB3 TTL/ST | CMOS | General purpose I/O.
C3IN2-/OPAZINO+/MD3CL AN9 AN — | ADC Channel 9 input.
C1IN2- AN — Comparator 1 negative input.
C2IN2- AN — Comparator 2 negative input.
C3IN2- AN — Comparator 3 negative input.
OPA2INO+ AN Operational amplifier 2 non-inverting input.
MD3CLM | TTL/ST| — |Data signal modulator 3 low carrier input.
RB4/AN11/C3IN1+/T5G/MD3CH RB4 TTL/ST | CMOS | General purpose I/0.
AN11 AN — ADC Channel 11 input.
C3IN1+ AN — Comparator 3 positive input.
756" | TTLST| — |Timer5 gate input.
MD3CH™ |TTL/ST| — | Data signal modulator 3 high carrier input.
RB5/AN13/DAC5REF1-/ RB5 TTL/ST | CMOS | General purpose I/O.
DAC7REF1-/C4IN2-/T1G/CCP7/ AN13 AN — | ADC Channel 11 input.
MD3MOD DAC5REF1- | AN — DACS5 negative reference.
DAC7REF1- AN — DACY negative reference.
C4IN2- AN — Comparator 4 negative input.
T16M | TTLST| — |Timer1 gate input.
ccp7™ | TTLST| — | CCP7 capture input.
mD3moD" | TTL/ST| — Data signal modulator modulation input.

Legend: AN = Analog input or output
TTL = TTL compatible input

HP = High Power
Note 1:

ST
XTAL

CMOS= CMOS compatible input or output
Schmitt Trigger input with CMOS levels 12c
Crystal levels
Default peripheral input. Alternate pins can be selected as the peripheral input with the PPS input selection registers.

OD = Open-Drain

= Schmitt Trigger input with 1’c

2:  All 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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PIC16(L)F1777/8/9

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

Name Function I.;_‘yppl: o'ltcs:t Description
RB6/DAC5REF1+/DAC7REF1+/ RB6 TTL/ST | CMOS | General purpose I/O.
C4IN1+/CLCIN2/ICSPCLK DAC5REF1+| AN — | DACS positive reference.

DAC7REF1+| AN — DACY positive reference.
C4IN1+ AN — Comparator 2 positive input.
cLcIN2® |TTLST| — |CLCinput2.
ICSPCLK ST — Serial Programming Clock.
RB7/C5IN1+/DAC10UT2/ RB7 TTL/ST | CMOS | General purpose I/O.
DAC20UT2/DAC30UT2/ C5IN1+ AN — Comparator 5 positive input.
DAC40UT2/DAC50UT2/
DAC7OUT2/T6IN/CLCING/ DAC10UT2 — AN | DAC1 voltage output.
ICSPDAT DAC20UT2 — AN | DAC2 voltage output.
DAC30UT2 — AN | DAC3 voltage output.
DAC40UT2 — AN | DAC4 voltage output.
DAC50UT2 — AN | DACS voltage output.
DAC70UT2 — AN | DACY voltage output.
TeIN® | TTLST| —  |Timer6 gate input.
CLCIN3™® |TTLST| — |CLCinput3.
ICSPDAT ST | CMOS |ICSP™ Data I/O.
RCO/DAC50UT1/T1CKI/T3CKI/ RCO TTL/ST | CMOS | General purpose I/0.
T3G/SOSCO DAC50UT1 — AN | DACS voltage output.
T1cKIM AN — Comparator 4 negative input.
T3CKIM | TTL/ST| — | Timer3 clock input.
T3 | TTLST| — |Timer3 gate input.
SOSCO — XTAL | Secondary oscillator output.
RC1/DAC70UT1/PRG2R/CCP2/ RC1 TTL/ST | CMOS | General purpose I/0.
SOsCl DAC70OUT1 | — AN | DACT7 voltage output.
PRG2R(M" | TTL/ST — Ramp generator set_rising input.
ccp2M TTL/ST — CCP2 capture input.
SOSCI XTAL — Secondary oscillator input.
RC2/AN14/C5IN2-/C6IN2-/ RC2 TTL/ST | CMOS | General purpose I/0.
PRG2F/CCP1/TSCKI AN14 AN — | ADC Channel 14 input.
C5IN2- AN — Comparator 5 negative input.
C6IN2- AN — Comparator 6 negative input.
PRG2F(" | TTL/ST — Ramp generator set_falling input.
ccp1™ | TTLST| — | CCP1 capture input.
T5CKIM | TTL/ST| — | Timer5 clock input.
Legend: AN = Analog input or output CMOS= CMOS compatible input or output OD = Open-Drain

TTL = TTL compatible input ST Schmitt Trigger input with CMOS levels 12C = Schmitt Trigger input with 12C
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: All 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 1-2: PIC16(L)F1778 PINOUT DESCRIPTION (CONTINUED)

Name Function I.;_‘yppl: o'ltcs:t Description
RC3/AN15/C1IN4-/C2IN4-/ RC3 TTL/ST | CMOS | General purpose I/O.
C3IN4-/C4IN4-/C5IN4-/C6IN4-/ AN15 AN — | ADC Channel 15 input.
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.
T2IN® | TTUST| —  |Timer2 gate input.
mp2cLM | TTLST| — Data signal modulator 2 low carrier input.
SCL 1’C OD | I2C clock.
RC4/AN16/C5IN3-/C6IN3-/T8IN/ RC4 TTL/ST | CMOS | General purpose I/0.
PRG3R/MD2CH/SDA AN16 AN — | ADC Channel 16 input.
C5IN3- AN — Comparator 5 negative input.
C6IN3- AN — Comparator 6 negative input.
T8INM | TTLST| —  |Timer8 gate input.
PRG3R(M | TTL/ST — Ramp generator set_rising input.
MD2CH™ |TTL/ST| — | Data signal modulator 2 high carrier input.
SDA 12c OD | I2C data input/output.
RC5/AN17/OPA3INO+/T4IN/ RC5 TTL/ST | CMOS | General purpose I/0.
PRG3F/MDZMOD AN17 AN — | ADC Channel 17 input.
OPA3INO+ AN — Operational amplifier 3 inverting input.
T4N® | TTLUST| —  |Timer4 gate input.
PRG3F(" | TTL/ST — Ramp generator set_falling input.
MD2MOD!") | TTL/ST| — | Data signal modulator modulation input.
RC6/AN18/PRG3INO/C5IN1-/ RC6 TTL/ST | CMOS | General purpose I/O.
C6IN1-/OPA3OUT AN18 AN — | ADC Channel 18 input.
PRG3INO AN — Ramp generator 3 reference voltage input.
C5IN1- AN — Comparator 5 negative input.
C6IN1- AN — Comparator 6 negative input.
OPA3OUT — AN | Operational amplifier 3 output.
RC7/AN19/0OPA3INO- RC7 TTL/ST | CMOS | General purpose I/O.
AN19 AN — ADC Channel 19 input.
OPAS3INO- AN — Operational amplifier 3 non-inverting input.
RE3/MCLR RE3 TTL/ST | CMOS | General purpose input.
MCLR ST — Master clear input.
VDD VDD Power — Positive supply.
Vss Vss Power — Ground reference.
Legend: AN = Analog input or output CMOS= CMOS compatible input or output OD = Open-Drain

TTL = TTL compatible input ST Schmitt Trigger input with CMOS levels [2C = Schmitt Trigger input with 12c
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:  All 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 1-2: PIC16(L)F1778 PINOUT DESCRIPTION (CONTINUED)

Name Function I.;_‘yppl: o'ltcs:t Description
ouT®@ C10UT CMOS | Comparator 1 output.
C20UT CMOS | Comparator 2 output.
C30UT CMOS | Comparator 3 output.
C40UT CMOS | Comparator 4 output.
C50UT CMOS | Comparator 5 output.
CeOouUT CMOS | Comparator 6 output.
CCP1 CMOS | Compare/PWM1 output.
CCP2 CMOS | Compare/PWM2 output.
CCP7 CMOS | Compare/PWM?7 output.
MD10OUT CMOS | Data signal modulator 1 output.
MD20OUT CMOS | Data signal modulator 2 output.
MD30OUT CMOS | Data signal modulator 3 output.
PWM3OUT CMOS | PWMS3 output.
PWM40OUT CMOS | PWM4 output.
PWM50UT CMOS | PWMS5 output.
PWM6OUT CMOS | PWM6 output.
PWMOOUT CMOS | PWM9 output.
PWM110UT CMOS | PWM11 output.
COG1A CMOS | Complementary output generator 1 output A.
COG1B CMOS | Complementary output generator 1 output B.
COG1C CMOS | Complementary output generator 1 output C.
COG1D CMOS | Complementary output generator 1 output D.
COG2A CMOS | Complementary output generator 2 output A.
COG2B CMOS | Complementary output generator 2 output B.
COG2C CMOS | Complementary output generator 2 output C.
COG2D CMOS | Complementary output generator 2 output D.
COG3A CMOS | Complementary output generator 3 output A.
COG3B CMOS | Complementary output generator 3 output B.
COG3C CMOS | Complementary output generator 3 output C.
COG3D CMOS | Complementary output generator 3 output D.
SDAR) OD | I2C data output.
SCK CMOS | SPI clock output.
scL® OD | I2C clock output.
SDO CMOS | SPI data output.
TX CMOS | EUSART asynchronous TX data out.
CK CMOS | EUSART synchronous clock out.
DT® CMOS | EUSART synchronous data output.
CLC10UT CMOS | Configurable logic cell 1 output.
CLC20UT CMOS | Configurable logic cell 2 output.
CLC30UT CMOS | Configurable logic cell 3 output.
CLC40UT CMOS | Configurable logic cell 4 output.
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 12C = Schmitt Trigger input with 12C
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: All 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 1-3: PIC16(L)F1777/9 PINOUT DESCRIPTION
Name Function I.Ir.'yppl:: O.IE;::::t Description
EQP"/STCOQ?JBN%/CI%N/O-/ RAO TTL/ST | CMOS | General purpose 1/O.
GBING-/GTING/OBINO-/CLCIND ANO AN | — |ADCChannel 0 input.
C1INO- AN — Comparator 1 negative input.
C2INO- AN — Comparator 2 negative input.
C3INO- AN — Comparator 3 negative input.
C4INO- AN — Comparator 4 negative input.
C5INO- AN — Comparator 5 negative input.
C6INO- AN — Comparator 6 negative input.
C7INO- AN — Comparator 7 negative input.
C8INO- AN — Comparator 8 negative input.
cLcINo® |[TTLST| — |CLCinputO.
RA1/AN1/C1IN1-/C2IN1-/ RA1 TTL/ST | CMOS | General purpose I/O.
C3IN1-/C4IN1-/PRG1INO/ AN1 AN — | channel 1 input.
PRG2IN1/OPA1OUT/OPA2IN1+/ —
OPA2IN1-/CLCINA C1IN1- AN — Comparator 1 negative input.
C2IN1- AN — Comparator 2 negative input.
C3IN1- AN — Comparator 3 negative input.
C4IN1- AN — Comparator 4 negative input.
PRG1INO AN — Ramp generator 1 reference voltage input.
PRG2IN1 AN — Ramp generator 2 reference voltage input.
OPA10UT — AN | Operational amplifier 1 output.
OPA2IN1+ AN — Operational amplifier 2 non-inverting input.
OPA2IN1- AN — Operational amplifier 2 inverting input.
CLCIN1™® |[TTLST| — |CLCinputO.
Legend: AN = Analog input or output CMOS= CMOS compatible input or output OD = Open-Drain

TTL = TTL compatible input ST
XTAL = Crystal levels

HP = High Power
Note 1:

= Schmitt Trigger input with CMOS levels 12C

= Schmitt Trigger input with 12C

Default peripheral input. Alternate pins can be selected as the peripheral input with the PPS input selection registers.

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

Name Function I.;_‘yppl: o'ltcs:t Description
RA2/AN2/VREF-/DAC1REFO-/ RA2 TTL/ST | CMOS | General purpose I/O.
DAC2REFO-/DAC3REFO0-/ AN2 AN — | ADC Channel 2 input.
DAC4REF0-/DAC5REFO0-/ -
DAC6REFO-/DAC7REFO-/ VREF- AN — | ADC negative reference.
DACSREFO0-/C1INO+/C2INO+/ DAC1REFO- | AN — DAC1 negative reference.
C3INO+/C4INO+/C5INO+/ DAC2REFO- | AN — | DAC2 negative reference.
gf\'g%ﬁ:; 1'N°+/ C8INO+/ DAC3REFO- | AN — | DAC3 negative reference.

DAC4REFO- AN — DAC4 negative reference.
DAC5REFO- AN — DACS5 negative reference.
DAC6REFO0- AN — DACS6 negative reference.
DAC7REFO- AN — DACY negative reference.
DAC8REFO0- AN — DACS negative reference.
C1INO+ AN — Comparator 1 positive input.
C2INO+ AN — Comparator 2 positive input.
C3INO+ AN — Comparator 3 positive input.
C4INO+ AN — Comparator 4 positive input.
C5INO+ AN — Comparator 5 positive input.
C6INO+ AN — Comparator 6 positive input.
C7INO+ AN — Comparator 7 positive input.
C8INO+ AN — Comparator 8 positive input.
DAC10UT1 — AN | DAC1 voltage output.
RA3/AN3/VREF+/DAC1REF0+/ RA3 TTL/ST | CMOS | General purpose I/O.
DAC2REF0+/DAC3REF0+/ AN3 AN — | ADC channel 3 input.
DAC4REF0+/DAC5REFO+/ —
DACBREF0+/DACTREFO+/ VREF+ AN — ADC positive reference.
DACSREF0+/C1IN1+/MD1CL DAC1REFO0+ AN — DAC1 positive reference.
DAC2REFO+ AN — DAC2 positive reference.
DAC3REFO+| AN — DACS3 positive reference.
DAC4REFO+ | AN — DACA4 positive reference.
DAC5REF0+ AN — DACS5 positive reference.
DAC6REFO+ | AN — DACSG positive reference.
DAC7REFO+ | AN — DACY positive reference.
DACSREFO+ | AN — DACS positive reference.
C1IN1+ AN — Comparator 1 positive input.
mpicLM | TTLST| — Data signal modulator 1 low carrier input.
RA4/0OPA1INO+/PRG1R/MD1CH RA4 TTL/ST | CMOS | General purpose I/O.
OPA1INO+ AN — Operational Amplifier 1 non-inverting input.
PRG1IRM | TTL/ST — Ramp generator set_rising input.
MD1CH™M | TTL/ST — Data signal modulator 1 high carrier input.
Legend: AN = Analog input or output CMOS= CMOS compatible input or output OD = Open-Drain

TTL = TTL compatible input ST Schmitt Trigger input with CMOS levels [2C = Schmitt Trigger input with 12c
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: All 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 1-3: PIC16(L)F1777/9 PINOUT DESCRIPTION (CONTINUED)

Name Function I.;_‘yppl: o'ltcs:t Description
RA5/AN4/OPA1INO-/ RA5 TTL/ST | CMOS | General purpose I/O.
DAC20UT1/PRG1F/ AN4 AN — | ADC Channel 4 input.

MD1MOD/SS - — - .
OPA1INO- AN — Operational amplifier 1 inverting input.
DAC20UT1 — AN | DAC2 voltage output.
PRGI1FM | TTL/ST — Ramp generator set_falling input.
MD1MOD™" | TTL/ST| — |Data signal modulator modulation input.
ss ST — Slave Select input.
RA6/CLKOUT/C6IN1+/0SC2 RA6 TTL/ST | CMOS | General purpose I/0.
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 I/O.
CLKIN TTL/ST| — |CLCinput.
0OSC1 XTAL — Crystal/Resonator (LP, XT, HS modes).
RB0/AN12/ZCD/HIBO/C2IN1+/ RBO TTL/ST | CMOS | General purpose I/0.
CCP8/COG1IN/MD4CL/ AN12 AN — | ADC Channel 12 input.
INT ZCD AN — Zero-cross detection input.
HIBO HP HP | High-Power output.
C2IN1+ AN — Comparator 2 positive input.
ccps TTL/ST — CCP8 capture input.
COG1INM | TTL/ST — Complementary output generator 1 input.
mp4cLM | TTLST| — Data signal modulator 4 low carrier input.
INT TTL/ST — External interrupt.
RB1/AN10/PRG1IN1/PRG2INO/ RB1 TTL/ST | CMOS | General purpose I/O.
PRG4R/HIB1/C1IN3-/C2IN3-/ AN10 AN — | ADC Channel 10 input.
C3IN3-/C4IN3-/OPA20UT/ -
OPA1IN1+/OPA1IN1-/COG2IN/ PRG1IN1 AN — Ramp generator 1 reference voltage input.
MD4CH PRG2INO AN — Ramp generator 2 reference voltage input.
PRG4R(M | TTL/ST — Ramp generator set_rising input.
HIB1 HP HP | High-Power output.
C1IN3- AN — Comparator 1 negative input.
C2IN3- AN — Comparator 2 negative input.
C3IN3- AN — Comparator 3 negative input.
C4IN3- AN — Comparator 4 negative input.
OPA20UT — AN | Operational amplifier 2 output.
OPA1IN1+ AN — Operational amplifier 1 non-inverting input.
OPA1IN1- AN — Operational amplifier 1 inverting input.
COG2INM | TTL/ST — Complementary output generator 2 input.
MD4CHM | TTLST| — Data signal modulator 4 high carrier input.

Legend: AN = Analog input or output
TTL = TTL compatible input

HP = High Power
Note 1:

ST
XTAL

CMOS= CMOS compatible input or output
= Schmitt Trigger input with CMOS levels 12c
Crystal levels
Default peripheral input. Alternate pins can be selected as the peripheral input with the PPS input selection registers.

OD = Open-Drain

= Schmitt Trigger input with 1’c

2:  All 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.

© 2015-2020 Microchip Technology Inc.

DS40001819D-page 27



PIC16(L)F1777/8/9

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

Name Function I.;_‘yppl: o'ltcs:t Description
RB2/AN8/OPA2INO-/ RB2 TTL/ST | CMOS | General purpose I/O.
DAC30UT1/PRG4F/COG3IN/ ANS AN — | ADC Channel 8 input.

MD4MOD - — - .
OPA2INO- AN — Operational amplifier 2 inverting input.
DAC30UT1 — AN | DAC3 voltage output.
PRG4F(™M | TTL/ST — Ramp generator set_falling input.
COG3INM | TTL/ST — Complementary output generator 3 input.
MD4MOD™ | TTL/ST| — | Data signal modulator modulation input.
RB3/AN9/C1IN2-/C2IN2-/ RB3 TTL/ST | CMOS | General purpose I/O.
C3IN2-/OPAZINO+/MD3CL AN9 AN — | ADC channel 9 input.
C1IN2- AN — Comparator 1 negative input.
C2IN2- AN — Comparator 2 negative input.
C3IN2- AN — Comparator 3 negative input.
OPA2INO+ AN Operational amplifier 2 non-inverting input.
MD3CLM | TTL/ST| — |Data signal modulator 3 low carrier input.
RB4/AN11/C3IN1+/MD3CH RB4 TTL/ST | CMOS | General purpose I/O.
AN11 AN — ADC Channel 11 input.
C3IN1+ AN — Comparator 3 positive input.
MD3CH™ |TTL/ST| — | Data signal modulator 3 high carrier input.
RB5/AN13/DAC5REF1-/ RB5 TTL/ST | CMOS | General purpose I/O.
DAC7REF1-/C4IN2-/CCP7/ AN13 AN — | ADC Channel 11 input.
MD3MOD DAC5REF1- | AN — DACS5 negative reference.
DAC7REF1- | AN — DACT7 negative reference.
C4IN2- AN — Comparator 4 negative input.
ccp7™M | TTLST| — |CCP7 capture input.
MD3MOD!" | TTL/ST| — | Data signal modulator modulation input.
RB6/DAC5REF1+/DAC7REF1+/ RB6 TTL/ST | CMOS | General purpose I/O.
C4IN1+/CLCIN2/ICSPCLK DAC5REF1+| AN — | DACS5 positive reference.
DAC7REF1+ AN — DACY positive reference.
C4IN1+ AN — Comparator 2 positive input.
cLciN2® | TTL/ST| — | CLC input 2.
ICSPCLK ST — Serial Programming 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 [2C = Schmitt Trigger input with 12c
HP = High Power XTAL = Crystal levels

Note 1:
2:

the PPS output selection registers.

3:

Default peripheral input. Alternate pins can be selected as the peripheral input with the PPS input selection registers.
All pin digital outputs default to PORT latch data. Alternate outputs can be selected as the peripheral digital output with

These peripheral functions are bidirectional. The output pin selections must be the same as the input pin selections.
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TABLE 1-3: PIC16(L)F1777/9 PINOUT DESCRIPTION (CONTINUED)
Name Function I.;_‘yppl: o'ltcs:t Description
RB7/C5IN1+/DAC10UT2/ RB7 TTL/ST | CMOS | General purpose I/O.
DAC20UT2/DAC30UT2/ C5IN1+ AN — Comparator 5 positive input.
DAC40UT2/DAC50UT2/
DAC60UT2/DACTOUT?2/ DAC10UT2 — AN | DAC1 voltage output.
DAC8OUT2/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 | DACS6 voltage output.
DAC70UT2 — AN | DAC7 voltage output.
DAC80OUT2 — AN | DACS8 voltage output.
TeIN® | TTLST| — | Timer6 gate input.
CLCIN3™® |TTL/ST| — |CLCinput3.
ICSPDAT ST CMOS |ICSP™ Data I/0.
RCO/DAC50UT1/T1CKI/T3CKI/ RCO TTL/ST | CMOS | General purpose I/O.
T3G/SOSCO DAC50UT1 | — AN | DACS5 voltage output.
T1ckI™M AN — Comparator 4 negative input.
T3cKIM | TTL/ST| — | Timer3 clock input.
T3 | TTLST| — |Timer3 gate input.
SOSCO — XTAL | Secondary oscillator output.
RC1/DAC70UT1/PRG2R/CCP2/ RC1 TTL/ST | CMOS | General purpose I/0.
SOscl DAC70OUT1 | — AN | DACT voltage output.
PRG2R(M | 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 I/O.
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 I/0.
C3IN4-/C4IN4-/C5IN4-/CBIN4-/ 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.
T2INM | TTUST| —  |Timer2 gate input.
mp2cLM | TTLST| — Data signal modulator 2 low carrier input.
SCL 1’c OD | I2C clock.

Legend: AN = Analog input or output
TTL = TTL compatible input

HP = High Power
Note 1:

ST
XTAL

CMOS= CMOS compatible input or output
= Schmitt Trigger input with CMOS levels 12C
Crystal levels
Default peripheral input. Alternate pins can be selected as the peripheral input with the PPS input selection registers.

OD = Open-Drain

= Schmitt Trigger input with 12C

2: All 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.

© 2015-2020 Microchip Technology Inc.

DS40001819D-page 29




PIC16(L)F1777/8/9

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

Name Function I.;_‘yppl: o'ltcs:t Description
RC4/AN16/C5IN3-/CBIN3-/ RC4 TTL/ST | CMOS | General purpose I/O.
PRG3R/T8IN/MD2CH/SDA AN16 AN — | ADC Channel 16 input.

C5IN3- AN — Comparator 5 negative input.
C6IN3- AN — Comparator 6 negative input.
PRG3R(M | TTL/ST — Ramp generator set_rising input.
T8INM | TTLST| —  |Timer8 gate input.
MD2CH(") | TTUST — Data signal modulator 2 high carrier input.
SDA 12c OD | I2C data input/output.
RC5/AN17/OPA3INO+/PRG3F/ RC5 TTL/ST | CMOS | General purpose I/O.
T4IN/MD2MOD AN17 AN — | ADC Channel 17 input.
OPA3INO AN — Operational amplifier 3 inverting input.
PRG3F(" | TTL/ST — Ramp generator set_falling input.
T4aNM | TTLUST| — | Timer4 gate input.
MD2MOD!") | TTL/ST| — | Data signal modulator modulation input.
RC6/AN18/PRG3INO/PRG4IN1/ RC6 TTL/ST | CMOS | General purpose I/O.
C5IN1-/C6IN1-/C7IN1-/C8IN1-/ AN18 AN _ ADC Channel 18 input.
OPASOUT/OPA4INT+OPA4IN1- PRG3INO AN — Ramp generator 3 reference voltage input.
PRG4IN1 AN — Ramp generator 4 reference voltage input.
C5IN1- AN — Comparator 5 negative input.
C6IN1- AN — Comparator 6 negative input.
C7IN1- AN — Comparator 7 negative input.
CB8IN1- AN — Comparator 8 negative input.
OPA30UT — AN | Operational amplifier 3 output.
OPA4IN1+ AN — Operational amplifier 4 non-inverting input.
OPA4IN1- AN — Operational amplifier 4 inverting input.
RC7/AN19/0OPA3INO- RC7 TTL/ST | CMOS | General purpose I/O.
AN19 AN — ADC Channel 19 input.
OPAS3INO- AN — Operational amplifier 3 non-inverting input.
RDO/AN20/OPA4INO+ RDO TTL/ST | CMOS | General purpose I/O.
AN20 AN — ADC Channel 20 input.
OPA4INO+ AN — Operational amplifier 4 non-inverting input.
Legend: AN = Analog input or output CMOS= CMOS compatible input or output OD = Open-Drain
TTL = TTL compatible input ST = Schmitt Trigger input with CMOS levels [2C = Schmitt Trigger input with 12c
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: All 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 1-3: PIC16(L)F1777/9 PINOUT DESCRIPTION (CONTINUED)

Name Function I.;_‘yppl: o'ltcs:t Description
RD1/AN21/PRG3IN1/PRG4INO/ RD1 TTL/ST | CMOS | General purpose I/O.
C1IN4-/C2IN4-/C3IN4-/C4IN4-/ AN21 AN — ADC Channel 21 input.
gspg\\lfgg.?}ggﬁrl\wi;gg Algfl\-llm PRG3IN1 AN — Ramp generator 3 reference voltage input.

PRG4INO AN — Ramp generator 4 reference voltage input.
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.
OPA40UT — AN | Operational amplifier 4 output.
OPASIN1+ AN — Operational amplifier 3 non-inverting input.
OPAS3IN1- AN — Operational amplifier 3 inverting input.
RD2/AN22/DAC40UT1/ RD2 TTL/ST | CMOS | General purpose I/0.
OPA4INO- AN22 AN — | ADC channel 22 input.
DAC40UT1 — AN | DAC4 voltage output.
OPA4INO- AN — Operational amplifier 4 inverting input.
RD3/AN23/C8IN2- RD3 TTL/ST | CMOS | General purpose I/O.
AN23 AN — ADC Channel 23 input.
C8IN2- AN — Comparator 8 negative input.
RD4/AN24/C7IN2- RD4 TTL/ST | CMOS | General purpose I/0O.
AN24 AN — ADC Channel 24 input.
C7IN2- AN — Comparator 8 negative input.
RD5/AN25/C7IN3-/C8IN3- RD5 TTL/ST | CMOS | General purpose I/O.
AN25 AN — ADC Channel 25 input.
C7IN3- AN — Comparator 7 negative input.
C8IN3- AN — Comparator 8 negative input.
RD6/AN26/C7IN1+ RD6 TTL/ST | CMOS | General purpose I/O.
AN26 AN — ADC Channel 26 input.
C7IN1+ AN — Comparator 7 positive input.
RD7/AN27/C8IN1+ RD7 TTL/ST | CMOS | General purpose I/O.
AN27 AN — ADC Channel 27 input.
C8IN1+ AN — Comparator 8 positive input.
REO/AN5/DAC6REF1+/ REO TTL/ST | CMOS | General purpose I/O.
DACBREF1+ AN5 AN — | ADC Channel 5 input.
DAC6REF1+| AN — DACSG positive reference.
DAC8SREF1+| AN — DACS positive reference.

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

ST

Note 1:

CMOS= CMOS compatible input or output
= Schmitt Trigger input with CMOS levels 12C
XTAL = Crystal levels
Default peripheral input. Alternate pins can be selected as the peripheral input with the PPS input selection registers.

OD = Open-Drain

= Schmitt Trigger input with 12C

2:  All 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.

© 2015-2020 Microchip Technology Inc.

DS40001819D-page 31




PIC16(L)F1777/8/9

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

Name Function I.;_‘yppl: o'ltcs:t Description
RE1/AN6/DAC60OUT1/ RE1 TTL/ST | CMOS | General purpose I/O.
DACGREF1-/DAC8REF1- ANG AN — | ADC Channel 6 input.

DAC60UT1 — AN | DACS voltage output.
DAC6REF1- AN — DACG6 negative reference.
DAC8REF1- AN — DACS negative reference.
RE2/AN7/DAC80OUT1 RE2 TTL/ST | CMOS | General purpose I/O.
AN7 AN — ADC Channel 7 input.
DAC80UT1 — AN | DACS8 voltage output.
RE3/MCLR/VPP RE3 TTL/ST | CMOS | General purpose input.
MCLR ST — Master clear input.
VDD VDD Power — Positive supply.
Vss Vss Power — Ground reference.
ouT®@ C10UT CMOS | Comparator 1 output.
Cc20UT CMOS | Comparator 2 output.
C30UT CMOS | Comparator 3 output.
C40UT CMOS | Comparator 4 output.
C50UT CMOS | Comparator 5 output.
CeouT CMOS | Comparator 6 output.
C70UT CMOS | Comparator 7 output.
Cc80uUT CMOS | Comparator 8 output.
CCP1 CMOS | Compare/PWM1 output.
CCP2 CMOS | Compare/PWM2 output.
CCP7 CMOS | Compare/PWM?7 output.
CCP8 CMOS | Compare/PWMS8 output.
MD10OUT CMOS | Data signal modulator 1 output.
MD20OUT CMOS | Data signal modulator 2 output.
MD30UT CMOS | Data signal modulator 3 output.
MD4OUT CMOS | Data signal modulator 4 output.
PWM3OUT CMOS | PWM3 output.
PWM40UT CMOS | PWM4 output.
PWM50UT CMOS | PWMS5 output.
PWM6OUT CMOS | PWM6 output.
PWMOOUT CMOS | PWM9 output.
PWM100UT CMOS | PWM10 output.
PWM110UT CMOS | PWM11 output.
PWM120UT CMOS | PWM12 output.
COG1A CMOS | Complementary output generator 1 output A.
COG1B CMOS | Complementary output generator 1 output B.
CcOG1C CMOS | Complementary output generator 1 output C.
COG1D CMOS | Complementary output generator 1 output D.
COG2A CMOS | Complementary output generator 2 output A.
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 [’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: All 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 1-3: PIC16(L)F1777/9 PINOUT DESCRIPTION (CONTINUED)
Name Function ?yppl: o'ltcs:t Description
ouT®@ (Cont.) COG2B CMOS | Complementary output generator 2 output B.
COG2C CMOS | Complementary output generator 2 output C.
COG2D CMOS | Complementary output generator 2 output D.
COG3A CMOS | Complementary output generator 3 output A.
COG3B CMOS | Complementary output generator 3 output B.
COG3C CMOS | Complementary output generator 3 output C.
COG3D CMOS | Complementary output generator 3 output D.
COG4A CMOS | Complementary output generator 4 output A.
COG4B CMOS | Complementary output generator 4 output B.
CcOG4C CMOS | Complementary output generator 4 output C.
COG4D CMOS | Complementary output generator 4 output D.
SDAG) OD | I2C data output.
SCK CMOS | SPI clock output.
scL® OD | I2C clock output.
SDO CMOS | SPI data output.
TX CMOS | EUSART asynchronous TX data out.
CK CMOS | EUSART synchronous clock out.
DT® CMOS | EUSART synchronous data output.
CLC10UT CMOS | Configurable logic cell 1 output.
CLC20UT CMOS | Configurable logic cell 2 output.
CLC30UT CMOS | Configurable logic cell 3 output.
CLC40UT CMOS | Configurable logic cell 4 output.
Legend: AN = Analog input or output CMOS= CMOS compatible input or output OD = Open-Drain

TTL = TTL compatible input ST
XTAL = Crystal levels

HP = High Power
Note 1:

= Schmitt Trigger input with CMOS levels 12C

= Schmitt Trigger input with 12C

Default peripheral input. Alternate pins can be selected as the peripheral input with the PPS input selection registers.

2: All 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.

1.2 Peripheral Connection Matrix

Input selection multiplexers on many of the peripherals
enable selecting the output of another peripheral such
that the signal path is contained entirely within the
device. Although the peripheral output can also be
routed to a pin, with the PPS selection feature, it is not
necessary to do so. Table 1-4 shows all the possible
inter-peripheral signal connections. Please refer to cor-
responding peripheral section to obtain the multiplexer
selection codes for the desired connection.

© 2015-2020 Microchip Technology Inc.
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TABLE 1-4:

PERIPHERAL CONNECTION MATRIX

Peripheral Input

Peripheral Output

ADC Trigger

COG Clock
COG Rising/Falling

COG Shutdown

10-bit DAC

5-bit DAC

PRG Analog Input
PRG Rising/Falling

Comparator +

Comparator -

CLC
DSM CH

DSM CL

DSM Mod

Op Amp +

Op Amp -

Op Amp Override
10-bit PWM
16-bit PWM

CCP Capture
CCP Clock
Timer2/4/6/8 Clock
Timer2/4/6/8 Reset
Timer1/3/5 Gate
Timer0 Clock

FVR

ZCD

PRG

10-bit DAC

5-bit DAC

CCP

Comparator (sync)

Comparator (async)

CLC

DSM

COG

EUSART TX/CK

EUSART DT

MSSP SCK/SCL

MSSP SDO/SDA

Op Amp

10-bit PWM

16-bit PWM

Timer0 overflow

Timer2 = T2PR

Timer4 = T4PR

Timer6 = T6PR

Timer8 = T8PR

Timer2 Postscale

Timer4 Postscale

Timer6 Postscale

Timer8 Postscale

Timer1 overflow

Timer3 overflow

Timer5 overflow

SOSC

Fosc/4

Fosc

HFINTOSC

LFINTOSC

MFINTOSC

IOCIF

PPS Input pin
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2.0

ENHANCED MID-RANGE CPU

This family of devices contain an enhanced mid-range
8-bit CPU core. The CPU has 49 instructions. Interrupt
capability includes automatic context saving. The
hardware stack is 16 levels deep and has Overflow and
Underflow Reset capability. Direct,

Indirect,

and

Relative Addressing modes are available. Two File
Select Registers (FSRs) provide the ability to read

program and data memory.

» Automatic Interrupt Context Saving

» 16-level Stack with Overflow and Underflow
» File Select Registers

* Instruction Set

FIGURE 2-1: CORE BLOCK DIAGRAM
1 Confi ti
onfiguration 15 8
Data Bus
<n‘—¢| Program Counter |<:
Flash {‘7
é Program
. Memory 16-Level Stack RAM
(15-bit)
Prcé%?m 14 [~ Program Memory ﬁ 12 RAM Addr
Read (PMR)
X Addr MUX
‘ Instruction Reg ;
I Direct Addr 7 lngérgft
5 12 12
—| FSRO Reg }<‘,=‘
FSR1 Reg
15 STATUS Reg
8
M N M/
Power-up
\V4 Timer ﬂ ‘
Instruction Oscillator
Decode and Start-up Timer ALU
Control Power-on |
OSC|1Z/CLK|N Reset 8
Timin Watchdo
OSC2/CLKOUT | Generation (<=7 | Timer ©
Brown-out
@ Reset
Internal
Oscillator
Block
Vss

© 2015-2020 Microchip Technology Inc.

DS40001819D-page 35



PIC16(L)F1777/8/9

21 Automatic Interrupt Context
Saving

During interrupts, certain registers are automatically
saved in shadow registers and restored when returning
from the interrupt. This saves stack space and user
code. See Section 7.5 “Automatic Context Saving”
for more information.

2.2 16-Level Stack with Overflow and
Underflow

These devices have a hardware stack memory 15 bits
wide and 16 words deep. A Stack Overflow or Under-
flow will set the appropriate bit (STKOVF or STKUNF)
in the PCON register, and if enabled, will cause a soft-
ware Reset. See Section 3.6 “Stack” for more details.

2.3 File Select Registers

There are two 16-bit File Select Registers (FSR). FSRs
can access all file registers and program memory,
which allows one Data Pointer for all memory. When an
FSR points to program memory, there is one additional
instruction cycle in instructions using INDF to allow the
data to be fetched. General purpose memory can now
also be addressed linearly, providing the ability to
access contiguous data larger than 80 bytes. There are
also new instructions to support the FSRs. See
Section 3.7 “Indirect Addressing” for more details.

24 Instruction Set

There are 49 instructions for the enhanced mid-range
CPU to support the features of the CPU. See
Section 35.0 “Instruction Set Summary” for more
details.
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3.0 MEMORY ORGANIZATION

These devices contain the following types of memory:

* Program Memory
- Configuration Words
- Device ID
- UserID
- Flash Program Memory
« Data Memory
- Core Registers
- Special Function Registers
- General Purpose RAM
- Common RAM

Note 1: The method to access Flash memory
through the PMCON registers is described
in Section 10.0 “Flash Program Memory
Control”.

The following features are associated with access and
control of program memory and data memory:

* PCL and PCLATH

» Stack

* Indirect Addressing

31 Program Memory Organization

The enhanced mid-range core has a 15-bit program
counter capable of addressing a 32K x 14 program
memory space. Table 3-1 shows the memory sizes
implemented for the PIC16(L)F1777/8/9 family.
Accessing a location above these boundaries will cause
a wrap-around within the implemented memory space.
The Reset vector is at 0000h and the interrupt vector is
at 0004h (see Figures 3-1 and 3-2).

3.2 High-Endurance Flash

This device has a 128-byte section of high-endurance
program Flash memory (PFM) in lieu of data EEPROM.
This area is especially well suited for nonvolatile data
storage that is expected to be updated frequently over
the life of the end product. See Section 10.2 “Flash
Program Memory Overview” for more information on
writing data to PFM. See Section 3.2.1.2 “Indirect
Read with FSR” for more information about using the
FSR registers to read byte data stored in PFM.

TABLE 3-1: DEVICE SIZES AND ADDRESSES
Device Program Memory Space | Last Program Memory High-Endurance Flash
(Words) Address Memory Address Rangem
PIC16(L)F1777 8,192 1FFFh 1F80h-1FFFh
PIC16(L)F1778/9 16,384 3FFFh 3F80h-3FFFh

Note 1: High-endurance Flash applies to the low byte of each address in the range.

© 2015-2020 Microchip Technology Inc.
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FIGURE 3-1: PROGRAM MEMORY MAP
AND STACK FOR
PIC16(L)F1777
PC<14:0> \
CALL, CALLW A 15
RETURN, RETLW
Interrupt, RETFIE
Stack Level 0
Stack Level 1
Stack Level 15
Reset Vector 0000h
: -
Interrupt Vector 0004h
0005h
Page 0
07FFh
0800h
On-chip Page ! OFFFh
Program< 1000h
Memory Page 2
17FFh
1800h
Page 3
1FFFh
Rollover to Page 0 2000h
Rollover to Page 3 7FEFh

FIGURE 3-2:

PROGRAM MEMORY MAP

AND STACK FOR
PIC16(L)F1778/9

Rev. 10-000040E
713012013

PC<14:0>

CALL,

CALLW A 15

RETURN, RETLW

Interrupt, RETFIE \

Stack Level 0

Stack Level 1

Stack Level 15

Reset Vector

0000h

Interrupt Vector
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3.2.1 READING PROGRAM MEMORY AS
DATA

There are two methods of accessing constants in
program memory. The first method is to use tables of
RETLW instructions. The second method is to set an
FSR to point to the program memory.

3.2.1.1 RETLW Instruction

The RETLW instruction can be used to provide access
to tables of constants. The recommended way to create
such a table is shown in Example 3-1.

EXAMPLE 3-1: RETLW INSTRUCTION
constants
BRW ;Add Index in W to

;program counter to
;select data
; Index0 data
; Indexl data

RETLW DATAO
RETLW DATAl
RETLW DATA2
RETLW DATA3

my_ function
;.. LOTS OF CODE...
MOVLW DATA INDEX
call constants
;.. THE CONSTANT IS IN W

The BRW instruction makes this type of table very
simple to implement. If your code must remain portable
with previous generations of microcontrollers, then the
BRW instruction is not available so the older table read
method must be used.

3.21.2 Indirect Read with FSR

The program memory can be accessed as data by
setting bit 7 of the FSRxH register and reading the
matching INDFx register. The MOVIW instruction will
place the lower eight bits of the addressed word in the
W register. Writes to the program memory cannot be
performed via the INDF registers. Instructions that
access the program memory via the FSR require one
extra instruction cycle to complete. Example 3-2
demonstrates accessing the program memory via an
FSR.

The high directive will set bit[7] if a label points to a
location in program memory.

EXAMPLE 3-2: ACCESSING PROGRAM
MEMORY VIA FSR
constants
DW DATAOQ ;First constant
DW DATA1l ;Second constant
DW DATA2
DW DATA3

my_ function
;.. LOTS OF CODE...
MOVLW DATA INDEX
ADDLW LOW constants
MOVWE  FSR1L
MOVLW HIGH constants;MSb sets
automatically
MOVWE  FSR1H
BTEFSC STATUS, C ;carry from ADDLW?
INCF FSR1H, f ;yes
MOVIW O[FSR1]
; THE PROGRAM MEMORY IS IN W

© 2015-2020 Microchip Technology Inc.
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3.3 Data Memory Organization

The data memory is partitioned in 32 memory banks
with 128 bytes in a bank. Each bank consists of
(Figure 3-3):

* 12 core registers

» 20 Special Function Registers (SFR)

» Up to 80 bytes of General Purpose RAM (GPR)

* 16 bytes of common RAM

The active bank is selected by writing the bank number
into the Bank Select Register (BSR). Unimplemented
memory will read as ‘0’. All data memory can be
accessed either directly (via instructions that use the
file registers) or indirectly via the two File Select
Registers (FSR). See Section 3.7 “Indirect
Addressing” for more information.

Data memory uses a 12-bit address. The upper five bits
of the address define the Bank address and the lower
seven bits select the registers/RAM in that bank.

3.3.1 CORE REGISTERS

The core registers contain the registers that directly
affect the basic operation. The core registers occupy
the first 12 addresses of every data memory bank
(addresses x00h/x08h through x0Bh/x8Bh). These
registers are listed below in Table 3-2. For detailed
information, see Table 3-17.

TABLE 3-2: CORE REGISTERS
Addresses BANKXx
x00h or x80h INDFO
x01h or x81h INDF1
x02h or x82h PCL
x03h or x83h STATUS
x04h or x84h FSROL
x05h or x85h FSROH
x06h or x86h FSR1L
x07h or x87h FSR1H
x08h or x88h BSR
x09h or x89h WREG
x0Ah or x8Ah PCLATH
x0Bh or x8Bh INTCON

3.3.1.1 STATUS Register
The STATUS register, shown in Register 3-1, contains:

« the arithmetic status of the ALU
» the Reset status

The STATUS register can be the destination for any
instruction, like any other register. If the STATUS
register is the destination for an instruction that affects
the Z, DC or C bits, then the write to these three bits is
disabled. These bits are set or cleared according to the
device logic. Furthermore, the TO and PD bits are not
writable. Therefore, the result of an instruction with the
STATUS register as destination may be different than
intended.

For example, CLRF STATUS will clear the upper three
bits and set the Z bit. This leaves the STATUS register
as ‘000u uluu’ (where u = unchanged).

It is recommended, therefore, that only BCF, BSF,
SWAPF and MOVWF instructions are used to alter the
STATUS register, because these instructions do not
affect any Status bits. For other instructions not
affecting any Status bits (Refer to Section 35.0
“Instruction Set Summary”).

Note: The C and DC bits operate as Borrow and
Digit Borrow out bits, respectively, in
subtraction.
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34 Register Definitions: Status
REGISTER 3-1: STATUS: STATUS REGISTER

uU-0 u-0 uU-0 R-1/q R-1/q R/W-0/u R/W-0/u R/W-0/u
— — — TO PD z pc ch
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 g = Value depends on condition
bit 7-5 Unimplemented: Read as ‘0’
bit 4 TO: Time-Out bit

1 = After power-up, CLRWDT instruction or SLEEP instruction
0 = AWDT Time-out occurred

bit 3 ﬁ: Power-Down bit

1 = After power-up or by the CLRWDT instruction
0 = By execution of the SLEEP instruction

bit 2 Z: Zero bit
1 = The result of an arithmetic or logic operation is zero
0 = The result of an arithmetic or logic operation is not zero
bit 1 DC: Digit Carry/Digit Borrow bit (ADDWF, ADDLW, SUBLW, SUBWF instructions)(")
1 = A carry-out from the 4th low-order bit of the result occurred
0 = No carry-out from the 4th low-order bit of the result
bit O C: Carry/Borrow bit (ADDWF, ADDLW, SUBLW, SUBWF instructions)(?)

1 = A carry-out from the Most Significant bit of the result occurred
0 = No carry-out from the Most Significant bit of the result occurred

Note 1: For Borrow, the polarity is reversed. A subtraction is executed by adding the two’s complement of the
second operand.
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3.4.1 SPECIAL FUNCTION REGISTER

The Special Function Registers (SFR) are registers
used by the application to control the desired operation
of peripheral functions in the device. The SFR occupies
the 20 bytes after the core registers of every data
memory bank (addresses x0Ch/x8Ch through
x1Fh/x9Fh). The registers associated with the operation
of each peripheral are described in the corresponding
peripheral chapters of this data sheet.

3.4.2 GENERAL PURPOSE RAM

There are up to 80 bytes of General Purpose Registers
(GPR) in each data memory bank. The GPR occupies
the space immediately after the SFR of selected data
memory banks. The number of banks selected depends
on the total amount of GPR space available in the
device.

3.4.2.1 Linear Access to GPR

The general purpose RAM can be accessed in a
non-banked method via the FSRs. This can simplify
access to large memory structures. See Section 3.7.2
“Linear Data Memory” for more information.

3.4.3 COMMON RAM

There are 16 bytes of common RAM accessible from all
banks.

FIGURE 3-3: BANKED MEMORY

PARTITIONING

7-bit Bank Offset Memory Region

00h
Core Registers
(12 bytes)
0Bh
0Ch
Special Function Registers
(20 bytes maximum)
1Fh
20h
General Purpose RAM
(80 bytes maximum)
6Fh
70h
Common RAM
(16 bytes)
7Fh

3.4.4 DEVICE MEMORY MAPS

The memory maps for the device family are as shown
in Tables 3-3 through 3-16.
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TABLE 3-3: PIC16(L)F1778 MEMORY MAP (BANKS 0-7)
BANK 0 BANK 1 BANK 2 BANK 3 BANK 4 BANK 5 BANK 6 BANK 7
000h 080h 100h 180h 200h 280h 300h 380h
Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers
(Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2)
00Bh 08Bh 10Bh 18Bh 20Bh 28Bh 30Bh 38Bh
00Ch PORTA 08Ch TRISA 10Ch LATA 18Ch ANSELA 20Ch WPUA 28Ch ODCONA 30Ch SLRCONA 38Ch INLVLA
00Dh PORTB 08Dh TRISB 10Dh LATB 18Dh ANSELB 20Dh WPUB 28Dh ODCONB 30Dh SLRCONB 38Dh INLVLB
00Eh PORTC 08Eh TRISC 10Eh LATC 18Eh ANSELC 20Eh WPUC 28Eh ODCONC 30Eh SLRCONC 38Eh INLVLC
00Fh — 08Fh — 10Fh — 18Fh — 20Fh — 28Fh — 30Fh — 38Fh —
010h PORTE 090h TRISE 110h — 190h — 210h WPUE 290h — 310h — 390h INLVLE
011h PIR1 091h PIE1 111h CMOUT 191h PMADRL 211h SSP1BUF 291h CCPR1L 311h — 391h I0CAP
012h PIR2 092h PIE2 112h CM1CONO 192h PMADRH 212h SSP1ADD 292h CCPR1H 312h — 392h I0CAN
013h PIR3 093h PIE3 113h CM1CON1 193h PMDATL 213h SSP1MSK 293h CCP1CON 313h — 393h I0OCAF
014h PIR4 094h PIE4 114h CM1NSEL 194h PMDATH 214h SSP1STAT 294h CCP1CAP 314h — 394h 10CBP
015h PIR5 095h PIE5 115h CM1PSEL 195h PMCON1 215h SSP1CON1 295h CCPR2L 315h MD1CONO 395h I0CBN
016h PIR6 096h PIE6 116h CM2CONO 196h PMCON2 216h SSP1CON2 296h CCPR2H 316h MD1CON1 396h IOCBF
017h TMRO 097h | OPTION_REG | 117h CM2CON1 197h | VREGCON!) | 217h SSP1CON3 297h CCP2CON 317h MD1SRC 397h I0CCP
018h TMR1L 098h PCON 118h CM2NSEL 198h — 218h — 298h CCP2CAP 318h MD1CARL 398h I0OCCN
019h TMR1H 09%h WDTCON 119h CM2PSEL 199h RC1REG 219h — 29%h CCPR7L 319h MD1CARH 399h I0CCF
01Ah T1CON 09Ah OSCTUNE 11Ah CM3CONO 19Ah TX1REG 21Ah — 29Ah CCPR7H 31Ah — 39Ah —
01Bh T1GCON 09Bh OSCCON 11Bh CM3CON1 19Bh SP1BRGL 21Bh MD3CONO 29Bh CCP7CON 31Bh MD2CONO 39Bh —
01Ch TMR3L 09Ch OSCSTAT 11Ch CM3NSEL 19Ch SP1BRGH 21Ch MD3CON1 29Ch CCP7CAP 31Ch MD2CON1 39Ch —
01Dh TMR3H 09Dh BORCON 11Dh CM3PSEL 19Dh RC1STA 21Dh MD3SRC 29Dh — 31Dh MD2SRC 39Dh I0CEP
01Eh T3CON 09Eh FVRCON 11Eh — 19Eh TX1STA 21Eh MD3CARL 29Eh| CCPTMRS1 31Eh MD2CARL 39Eh I0CEN
01Fh T3GCON 09Fh ZCD1CON 11Fh — 19Fh BAUD1CON | 21Fh MD3CARH 29Fh CCPTMRS2 31Fh MD2CARH 39Fh IOCEF
020h 0AOh 120h 1A0h 220h 2A0h 320h 3A0h
General General General General General General 32Fh General General
Purpose Purpose Purpose Purpose Purpose Purpose 330h Purpose Purpose
Register Register Register Register Register Register Register Register
80 Bytes 80 Bytes 80 Bytes 80 Bytes 80 Bytes 80 Bytes 80 Bytes 80 Bytes
06Fh OEFh 16Fh 1EFh 26Fh 2EFh 36Fh 3EFh
070h OFOh 170h 1FOh 270h 2FOh 370h 3F0h
Common RAM Accesses Accesses Accesses Accesses Accesses Accesses Accesses
70h - 7Fh 70h - 7Fh 70h - 7Fh 70h - 7Fh 70h - 7Fh 70h —7Fh 70h — 7Fh 70h — 7Fh
07Fh OFFh 17Fh 1FFh 27Fh 2FFh 37Fh 3FFh
Legend: = Unimplemented data memory locations, read as ‘0’.
Note 1: Unimplemented on PIC16LF1778.
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TABLE 3-4: PIC16(L)F1777/9 MEMORY MAP (BANKS 0-7)
BANK 0 BANK 1 BANK 2 BANK 3 BANK 4 BANK 5 BANK 6 BANK 7
000h 080h 100h 180h 200h 280h 300h 380h
Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers
(Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2)
00Bh 08Bh 10Bh 18Bh 20Bh 28Bh 30Bh 38Bh
00Ch PORTA 08Ch TRISA 10Ch LATA 18Ch ANSELA 20Ch WPUA 28Ch ODCONA 30Ch SLRCONA 38Ch INLVLA
00Dh PORTB 08Dh TRISB 10Dh LATB 18Dh ANSELB 20Dh WPUB 28Dh ODCONB 30Dh SLRCONB 38Dh INLVLB
00Eh PORTC 08Eh TRISC 10Eh LATC 18Eh ANSELC 20Eh WPUC 28Eh ODCONC 30Eh SLRCONC 38Eh INLVLC
00Fh PORTD 08Fh TRISD 10Fh LATD 18Fh ANSELD 20Fh WPUD 28Fh ODCOND 30Fh SLRCOND 38Fh INLVLD
010h PORTE 090h TRISE 110h LATE 190h ANSELE 210h WPUE 290h ODCONE 310h SLRCONE 390h INLVLE
011h PIR1 091h PIE1 111h CMOUT 191h PMADRL 211h SSP1BUF 291h CCPR1L 311h CCPR8L 391h I0CAP
012h PIR2 092h PIE2 112h CM1CONO 192h PMADRH 212h SSP1ADD 292h CCPR1H 312h CCPR8H 392h I0CAN
013h PIR3 093h PIE3 113h CM1CON1 193h PMDATL 213h SSP1MSK 293h CCP1CON 313h CCP8CON 393h I0OCAF
014h PIR4 094h PIE4 114h CM1INSEL 194h PMDATH 214h SSP1STAT 294h CCP1CAP 314h CCP8CAP 394h 10CBP
015h PIR5 095h PIE5 115h CM1PSEL 195h PMCON?1 215h SSP1CON1 295h CCPR2L 315h MD1CONO 395h I0CBN
016h PIR6 096h PIE6 116h CM2CONO 196h PMCON2 216h SSP1CON2 296h CCPR2H 316h MD1CON1 396h IOCBF
017h TMRO 097h | OPTION_REG | 117h CM2CON1 197h | VREGCON) | 217h SSP1CON3 297h CCP2CON 317h MD1SRC 397h 10CCP
018h TMR1L 098h PCON 118h CM2NSEL 198h — 218h — 298h CCP2CAP 318h MD1CARL 398h I0OCCN
019h TMR1H 09%h WDTCON 119h CM2PSEL 199h RC1REG 219h — 29%h CCPR7L 319h MD1CARH 399h I0CCF
01Ah T1CON 09Ah OSCTUNE 11Ah CM3CONO 19Ah TX1REG 21Ah — 29Ah CCPR7H 31Ah — 39Ah —
01Bh T1GCON 09Bh OSCCON 11Bh CM3CON1 19Bh SP1BRGL 21Bh MD3CONO 29Bh CCP7CON 31Bh MD2CONO 39Bh —
01Ch TMR3L 09Ch OSCSTAT 11Ch CM3NSEL 19Ch SP1BRGH 21Ch MD3CON1 29Ch CCP7CAP 31Ch MD2CON1 39Ch —
01Dh TMR3H 09Dh BORCON 11Dh CM3PSEL 19Dh RC1STA 21Dh MD3SRC 29Dh — 31Dh MD2SRC 39Dh I0CEP
01Eh T3CON 09Eh FVRCON 11Eh — 19Eh TX1STA 21Eh MD3CARL 29Eh| CCPTMRS1 31Eh MD2CARL 39Eh I0CEN
01Fh T3GCON 09Fh ZCD1CON 11Fh — 19Fh BAUD1CON | 21Fh MD3CARH 29Fh CCPTMRS2 31Fh MD2CARH 39Fh IOCEF
020h 0AOh 120h 1A0h 220h 2A0h 320h 3A0h
General General General General General General General General
Purpose Purpose Purpose Purpose Purpose Purpose Purpose Purpose
Register Register Register Register Register Register Register Register
80 Bytes 80 Bytes 80 Bytes 80 Bytes 80 Bytes 80 Bytes 80 Bytes 80 Bytes
06Fh OEFh 16Fh 1EFh 26Fh 2EFh 36Fh 3EFh
070h OFOh 170h 1FOh 270h 2FOh 370h 3F0h
Common RAM Accesses Accesses Accesses Accesses Accesses Accesses Accesses
70h - 7Fh 70h - 7Fh 70h - 7Fh 70h - 7Fh 70h - 7Fh 70h —7Fh 70h — 7Fh 70h — 7Fh
07Fh OFFh 17Fh 1FFh 27Fh 2FFh 37Fh 3FFh
Legend: = Unimplemented data memory locations, read as ‘0’.
Note 1: Unimplemented on PIC16LF1777/9.
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TABLE 3-5: PIC16(L)F1778 MEMORY MAP, BANK 8-15
BANK 8 BANK 9 BANK 10 BANK 11 BANK 12 BANK 13 BANK 14 BANK 15
400h 480h 500h 580h 600h 680h 700h 780h
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)
40Bh 48Bh 50Bh 58Bh 60Bh 68Bh 70Bh 78Bh
40Ch — 48Ch — 50Ch — 58Ch — 60Ch — 68Ch — 70Ch — 78Ch —
40Dh HIDRVB 48Dh — 50Dh — 58Dh DACLD 60Dh — 68Dh COG1PHR 70Dh COG2PHR 78Dh —
40Eh — 48Eh ADRESL 50Eh — 58Eh DAC1CONO 60Eh — 68Eh COG1PHF 70Eh COG2PHF 78Eh PRG1RTSS
40Fh TMR5L 48Fh ADRESH 50Fh OPA1TNCHS 58Fh DAC1REFL 60Fh — 68Fh COG1BLKR 70Fh COG2BLKR 78Fh PRG1FTSS
410h TMR5H 490h ADCONO 510h OPA1PCHS 590h DAC1REFH 610h — 690h COG1BLKF 710h COG2BLKF 790h PRG1INS
411h T5CON 491h ADCON1 511h OPA1CON 591h DAC2CONO 611h — 691h COG1DBR 711h COG2DBR 791h PRG1CONO
412h T5GCON 492h ADCON2 512h OPA10RS 592h DAC2REFL 612h — 692h COG1DBF 712h COG2DBF 792h PRG1CON1
413h T4TMR 493h T2TMR 513h OPA2NCHS 593h DAC2REFH 613h — 693h COG1CONO 713h COG2CONO 793h PRG1CON2
414h T4PR 494h T2PR 514h OPA2PCHS 594h DAC3CONO 614h PWM3DCL 694h COG1CON1 714h COG2CONT1 794h PRG2RTSS
415h T4CON 495h T2CON 515h OPA2CON 595h DAC3REF 615h PWM3DCH 695h COG1RISO 715h COG2RISO 795h PRG2FTSS
416h T4HLT 496h T2HLT 516h OPA20RS 596h DAC4CONO 616h PWM3CON 696h COG1RIS1 716h COG2RIS1 796h PRG2INS
417h T4CLKCON 497h T2CLKCON 517h OPA3NCHS 597h DAC4REF 617h PWM4DCL 697h | COG1TRSIMO | 717h| COG2RSIMO | 797h PRG2CONO
418h T4RST 498h T2RST 518h OPA3PCHS 598h DAC5CONO 618h PWM4DCH 698h | COG1RSIM1 718h | COG2RSIM1 798h PRG2CON1
419h — 499h — 519h OPA3CON 599h DAC5REFL 619h PWM4CON 699h COG1FISO 719h COG2FISO 799h PRG2CON2
41Ah T6TMR 49Ah T8TMR 51Ah OPA30RS 59Ah DAC5REFH 61Ah PWM9DCL 69Ah COG1FIS1 71Ah COG2FIS1 79Ah PRG3RTSS
41Bh T6PR 49Bh T8PR 51Bh — 59Bh — 61Bh PWM9DCH 69Bh| COG1FSIMO | 71Bh| COG2FSIMO | 79Bh PRG3FTSS
41Ch T6CON 49Ch T8CON 51Ch — 59Ch — 61Ch PWM9CON 69Ch| COG1FSIM1 | 71Cch| COG2FSIM1 | 79Ch PRG3INS
41Dh T6HLT 49Dh T8HLT 51Dh — 59Dh — 61Dh — 69Dh COG1ASDO | 71Dh COG2ASDO | 79Dh PRG3CONO
41Eh T6CLKCON 49Eh T8CLKCON 51Eh — 59Eh DAC7CONO 61Eh — 69Eh COG1ASD1 71Eh COG2ASD1 79Eh PRG3CON1
41Fh T6RST 49Fh T8RST 51Fh — 59Fh DA73REF 61Fh — 69Fh COG1STR 71Fh COG2STR 79Fh PRG3CON2
420h 4A0h 520h 5A0h 620h 6A0h 720h 7A0h
General General General General General General General General
Purpose Purpose Purpose Purpose Purpose Purpose Purpose Purpose
Register Register Register Register Register Register Register Register
80 Bytes 80 Bytes 80 Bytes 80 Bytes 80 Bytes 80 Bytes 80 Bytes 80 Bytes
46Fh 4EFh 56Fh 5EFh 66Fh 6EFh 76Fh 7EFh
470h 4FOh 570h 5F0h 670h 6FOh 770h 7FOh
Accesses Accesses Accesses Accesses Accesses Accesses Accesses Accesses
70h — 7Fh 70h — 7Fh 70h — 7Fh 70h — 7Fh 70h — 7Fh 70h —7Fh 70h — 7Fh 70h —7Fh
47Fh 4FFh 57Fh 5FFh 67Fh 6FFh 77Fh 7FFh
Legend: = Unimplemented data memory locations, read as ‘0’.

6/8/L,.14(7)9101d



of obed-a6181000¥SA

-oul ABojouyos | diyoosolN 0202-GL0Z @

TABLE 3-6: PIC16(L)F1777 MEMORY MAP, BANK 8-15
BANK 8 BANK 9 BANK 10 BANK 11 BANK 12 BANK 13 BANK 14 BANK 15
400h 480h 500h 580h 600h 680h 700h 780h
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)
40Bh 48Bh 50Bh 58Bh 60Bh 68Bh 70Bh 78Bh
40Ch — 48Ch — 50Ch — 58Ch — 60Ch DAC8CONO 68Ch — 70Ch — 78Ch —
40Dh HIDRVB 48Dh — 50Dh — 58Dh DACLD 60Dh DAC8REFL 68Dh COG1PHR 70Dh COG2PHR 78Dh —
40Eh — 48Eh ADRESL 50Eh — 58Eh DAC1CONO 60Eh PRG4RTSS 68Eh COG1PHF 70Eh COG2PHF 78Eh PRG1RTSS
40Fh TMR5L 48Fh ADRESH 50Fh OPA1INCHS 58Fh DAC1REFL 60Fh PRG4FTSS 68Fh COG1BLKR 70Fh COG2BLKR 78Fh PRG1FTSS
410h TMR5H 490h ADCONO 510h OPA1PCHS 590h DAC1REFH 610h PRG4INS 690h COG1BLKF 710h COG2BLKF 790h PRG1INS
411h T5CON 491h ADCON1 511h OPA1CON 591h DAC2CONO 611h PRG4CONO 691h COG1DBR 711h COG2DBR 791h PRG1CONO
412h T5GCON 492h ADCON2 512h OPA10ORS 592h DAC2REFL 612h PRG4CON1 692h COG1DBF 712h COG2DBF 792h PRG1CON1
413h T4TMR 493h T2TMR 513h OPA2NCHS 593h DAC2REFH 613h PRG4CON2 693h COG1CONO 713h COG2CONO 793h PRG1CON2
414h T4PR 494h T2PR 514h OPA2PCHS 594h DAC3CONO 614h PWM3DCL 694h COG1CON1 714h COG2CON1 794h PRG2RTSS
415h T4CON 495h T2CON 515h OPA2CON 595h DAC3REF 615h PWM3DCH 695h COG1RISO 715h COG2RISO 795h PRG2FTSS
416h T4HLT 496h T2HLT 516h OPA20RS 596h DAC4CONO 616h PWM3CON 696h COG1RIS1 716h COG2RIS1 796h PRG2INS
417h T4CLKCON 497h T2CLKCON 517h OPA3NCHS 597h DAC4REF 617h PWM4DCL 697h | COG1RSIMO | 717h| COG2RSIMO | 797h PRG2CONO
418h T4RST 498h T2RST 518h OPA3PCHS 598h DAC5CONO 618h PWM4DCH 698h | COG1RSIM1 718h | COG2RSIM1 798h PRG2CON1
419h — 499h — 51%h OPA3CON 599h DAC5REFL 619h PWM4CON 699h COG1FISO 719h COG2FISO 79%h PRG2CON2
41Ah T6TMR 49Ah T8TMR 51Ah OPA30RS 59Ah DAC5REFH 61Ah PWM9DCL 69Ah COG1FIS1 71Ah COG2FIS1 79Ah PRG3RTSS
41Bh T6PR 49Bh T8PR 51Bh OPA4NCHS 59Bh DAC6CONO 61Bh PWM9DCH 69Bh| COGI1FSIMO | 71Bh| COG2FSIMO | 79Bh PRG3FTSS
41Ch T6CON 49Ch T8CON 51Ch OPA4PCHS 59Ch DAC6REFL 61Ch PWM9CON 69Ch| COG1FSIM1 | 71Ch| COG2FSIM1 | 79Ch PRG3INS
41Dh TEHLT 49Dh T8HLT 51Dh OPA4CON 59Dh DAC6REFH 61Dh PWM10DCL | 69Dh COG1ASDO | 71Dh COG2ASDO | 79Dh PRG3CONO
41Eh T6CLKCON 49Eh T8CLKCON 51Eh OPA40RS 59Eh DAC7CONO 61Eh| PWM10DCH | 69Eh COG1ASD1 71Eh COG2ASD1 79Eh PRG3CON1
41Fh T6RST 49Fh T8RST 51Fh — 59Fh DA73REF 61Fh| PWM10CON | 69Fh COG1STR 71Fh COG2STR 79Fh PRG3CON2
420h 4A0h 520h 5A0h 620h 6A0h 720h 7A0h
General Purpose
General General General General Register 48 Bytes
Purpose Purpose Purpose Purpose 64Fh Unimplemented Unimplemented Unimplemented
Register Register Register Register 650h . Read as ‘0’ Read as ‘0’ Read as ‘0’
80 Bytes 80 Bytes 80 Bytes 80 Bytes Unémpcljeme‘%t’ed
46Fh 4EFh 56Fh 5EFh BOFh| ooC s 6EFh 76Fh 7EFh
470h 4F0h 570h 5FOh 670h 6FOh 770h 7FOh
Accesses Accesses Accesses Accesses Accesses Accesses Accesses Accesses
70h — 7Fh 70h — 7Fh 70h — 7Fh 70h — 7Fh 70h — 7Fh 70h — 7Fh 70h — 7Fh 70h — 7Fh
47Fh 4FFh 57Fh 5FFh 67Fh 6FFh 77Fh 7FFh
Legend: = Unimplemented data memory locations, read as ‘0’.
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TABLE 3-7: PIC16(L)F1779 MEMORY MAP, BANK 8-15
BANK 8 BANK 9 BANK 10 BANK 11 BANK 12 BANK 13 BANK 14 BANK 15
400h 480h 500h 580h 600h 680h 700h 780h
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)
40Bh 48Bh 50Bh 58Bh 60Bh 68Bh 70Bh 78Bh
40Ch — 48Ch — 50Ch — 58Ch — 60Ch DAC8CONO 68Ch — 70Ch — 78Ch —
40Dh HIDRVB 48Dh — 50Dh — 58Dh DACLD 60Dh DAC8REFL 68Dh COG1PHR 70Dh COG2PHR 78Dh —
40Eh — 48Eh ADRESL 50Eh — 58Eh DAC1CONO 60Eh PRG4RTSS 68Eh COG1PHF 70Eh COG2PHF 78Eh PRG1RTSS
40Fh TMR5L 48Fh ADRESH 50Fh OPA1NCHS 58Fh DAC1REFL 60Fh PRG4FTSS 68Fh COG1BLKR 70Fh COG2BLKR 78Fh PRG1FTSS
410h TMR5H 490h ADCONO 510h OPA1PCHS 590h DAC1REFH 610h PRG4INS 690h COG1BLKF 710h COG2BLKF 790h PRG1INS
411h T5CON 491h ADCON1 511h OPA1CON 591h DAC2CONO 611h PRG4CONO 691h COG1DBR 711h COG2DBR 791h PRG1CONO
412h T5GCON 492h ADCON2 512h OPA10RS 592h DAC2REFL 612h PRG4CON1 692h COG1DBF 712h COG2DBF 792h PRG1CON1
413h T4TMR 493h T2TMR 513h OPA2NCHS 593h DAC2REFH 613h PRG4CON2 693h COG1CONO 713h COG2CONO 793h PRG1CON2
414h T4PR 494h T2PR 514h OPA2PCHS 594h DAC3CONO 614h PWM3DCL 694h COG1CON1 714h COG2CON1 794h PRG2RTSS
415h T4CON 495h T2CON 515h OPA2CON 595h DAC3REF 615h PWM3DCH 695h COG1RISO 715h COG2RISO 795h PRG2FTSS
416h T4HLT 496h T2HLT 516h OPA20RS 596h DAC4CONO 616h PWM3CON 696h COG1RIS1 716h COG2RIS1 796h PRG2INS
417h T4CLKCON 497h T2CLKCON 517h OPA3NCHS 597h DAC4REF 617h PWM4DCL 697h | COG1RSIMO | 717h| COG2RSIMO | 797h PRG2CONO
418h T4RST 498h T2RST 518h OPA3PCHS 598h DAC5CONO 618h PWM4DCH 698h | COG1RSIM1 718h | COG2RSIM1 798h PRG2CON1
419h — 499h — 51%h OPA3CON 599h DAC5REFL 619h PWM4CON 699h COG1FISO 719h COG2FISO 799h PRG2CON2
41Ah T6TMR 49Ah T8TMR 51Ah OPA30RS 59Ah DAC5REFH 61Ah PWM9DCL 69Ah COG1FIS1 71Ah COG2FIS1 79Ah PRG3RTSS
41Bh T6PR 49Bh T8PR 51Bh OPA4NCHS 59Bh DACBCONO 61Bh PWM9DCH 69Bh| COGI1FSIMO | 71Bh| COG2FSIMO | 79Bh PRG3FTSS
41Ch T6CON 49Ch T8CON 51Ch OPA4PCHS 59Ch DAC6REFL 61Ch PWM9CON 69Ch| COG1FSIM1 | 71Ch| COG2FSIM1 | 79Ch PRG3INS
41Dh TEHLT 49Dh T8HLT 51Dh OPA4CON 59Dh DAC6REFH 61Dh PWM10DCL | 69Dh COG1ASDO | 71Dh COG2ASDO | 79Dh PRG3CONO
41Eh T6CLKCON 49Eh T8CLKCON 51Eh OPA40RS 59Eh DAC7CONO 61Eh| PWM10DCH | 69Eh COG1ASD1 71Eh COG2ASD1 79Eh PRG3CON1
41Fh T6RST 49Fh T8RST 51Fh — 59Fh DA73REF 61Fh| PWM10CON | 69Fh COG1STR 71Fh COG2STR 79Fh PRG3CON2
420h 4A0h 520h 5A0h 620h 6A0h 720h 7A0h
General General General General General General General General
Purpose Purpose Purpose Purpose Purpose Purpose Purpose Purpose
Register Register Register Register Register Register Register Register
80 Bytes 80 Bytes 80 Bytes 80 Bytes 80 Bytes 80 Bytes 80 Bytes 80 Bytes
46Fh 4EFh 56Fh 5EFh 66Fh 6EFh 76Fh 7EFh
470h 4FOh 570h 5F0h 670h 6FOh 770h 7FOh
Accesses Accesses Accesses Accesses Accesses Accesses Accesses Accesses
70h - 7Fh 70h - 7Fh 70h - 7Fh 70h - 7Fh 70h - 7Fh 70h — 7Fh 70h — 7Fh 70h — 7Fh
47Fh 4FFh 57Fh 5FFh 67Fh 6FFh 77Fh 7FFh
Legend: = Unimplemented data memory locations, read as ‘0’.

6/8/L,.14(7)9101d



8 obed-a6181000¥SA

-oul ABojouyos | diyoosolN 0202-GL0Z @

TABLE 3-8: PIC16(L)F1778 MEMORY MAP, BANK 16-23
BANK 16 BANK 17 BANK 18 BANK 19 BANK 20 BANK 21 BANK 22 BANK 23
800h 880h 900h 980h AOOh A80h BOOh B80h
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)
80Bh 88Bh 90Bh 98Bh AOBh A8Bh BOBh B8Bh
80Ch — 88Ch 90Ch CM4CONO 98Ch AOCh A8Ch BOCh B8Ch
80Dh COG3PHR 90Dh CM4CON1
80Eh COG3PHF 90Eh CM4NSEL
80Fh COG3BLKR 90Fh CM4PSEL
810h COG3BLKF 910h CM5CONO
811h COG3DBR 911h CM5CON1
812h COG3DBF 912h CM5NSEL
813h| COG3CONO 913h CM5PSEL
814h| COG3CON1 914h CM6CONO
815h COG3RISO Unimplemented | 915h CM6CON1 Unimplemented Unimplemented Unimplemented Unimplemented Unimplemented
816h COG3RIS1 Read as ‘0’ 916h CM6NSEL Read as ‘0’ Read as ‘0’ Read as ‘0’ Read as ‘0’ Read as ‘0’
817h| COG3RSIMO 917h CM6PSEL
818h| COG3RSIM1 918h
819h COG3FIS0
81Ah COG3FIS1
81Bh| COG3FSIMO Unimplemented
81Ch COG3FSIM1 Read as ‘0’
81Dh COG3ASDO
81Eh COGB3ASD1
81Fh COG3STR 89Fh 91Fh 99Fh A1Fh A9Fh B1Fh B9Fh
820h 8A0h 920h 9A0h A20h AAOh B20h BAOh
General Purpose General Purpose General Purpose General Purpose General Purpose General Purpose General Purpose General Purpose
Register 48 Bytes| Register 48 Bytes| Register 48 Bytes| Register 48 Bytes| Register 48 Bytes| Register 48 Bytes| Register 48 Bytes| Register 48 Bytes|
86Fh 8EFh 96Fh 9EFh ABFh AEFh B6Fh BEFh
870h 8F0Oh 970h 9F0Oh A70h AFOh B70h BFOh
Accesses Accesses Accesses Accesses Accesses Accesses Accesses Accesses
70h —7Fh 70h - 7Fh 70h - 7Fh 70h - 7Fh 70h - 7Fh 70h — 7Fh 70h — 7Fh 70h — 7Fh
87Fh 8FFh 97Fh 9FFh A7Fh AFFh B7Fh BFFh
Legend: = Unimplemented data memory locations, read as ‘0’.
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TABLE 3-9: PIC16(L)F1777 MEMORY MAP, BANK 16-23
BANK 16 BANK 17 BANK 18 BANK 19 BANK 20 BANK 21 BANK 22 BANK 23
800h 880h 900h 980h AOOh A80h BOOh B80h
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)
80Bh 88Bh 90Bh 98Bh AOBh A8Bh BOBh B8Bh
80Ch — 88Ch — 90Ch CM4CONO 98Ch AOCh A8Ch BOCh B8Ch
80Dh COG3PHR COG4PHR 90Dh CM4CON1
80Eh COG3PHF COGA4PHF 90Eh CM4NSEL
80Fh COG3BLKR COG4BLKR 90Fh CM4PSEL
810h COG3BLKF COG4BLKF 910h CM5CONO
811h COG3DBR COG4DBR 911h CM5CON1
812h COG3DBF COG4DBF 912h CM5NSEL
813h| COG3CONO COG4CONO | 913h CM5PSEL
814h| COG3CON1 COG4CON1 914h CM6CONO
815h COG3RISO COG4RISO 915h CM6CON1
816h COG3RIS1 COG4RIS1 916h CM6NSEL
817h | COG3RSIMO COG4RSIMO | 917h CM6PSEL Unimplemented Unimplemented Unimplemented Unimplemented Unimplemented
818h | COG3RSIM1 COG4RSIM1 | 918h CM7CONO Read as ‘0’ Read as ‘0’ Read as ‘0’ Read as ‘0’ Read as ‘0’
819h COG3FIS0 COG4FIS0 CM7CON1
81Ah COG3FIS1 COG4FIS1 CM7NSEL
81Bh| COG3FSIMO COG4FSIMO CM7PSEL
81Ch| COG3FSIM1 COG4FSIM1 CM8CONO
81Dh COG3ASDO COG4ASDO CM8CON1
81Eh COG3ASD1 COG4ASD1 CMB8NSEL
81Fh COG3STR 89Fh COGA4STR 91Fh CMB8PSEL
820h 8A0h 920h
Unimplemented Unimplemented Unimplemented
Read as ‘0’ Read as ‘0’ Read as ‘0’
86Fh 8EFh 96Fh 9EFh ABFh AEFh B6Fh BEFh
870h 8FOh 970h 9FOh A70h AFOh B70h BFOh
Accesses Accesses Accesses Accesses Accesses Accesses Accesses Accesses
70h - 7Fh 70h - 7Fh 70h - 7Fh 70h - 7Fh 70h - 7Fh 70h — 7Fh 70h — 7Fh 70h — 7Fh
87Fh 8FFh 97Fh 9FFh A7Fh AFFh B7Fh BFFh
Legend: = Unimplemented data memory locations, read as ‘0’.
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TABLE 3-10: PIC16(L)F1779 MEMORY MAP, BANK 16-23
BANK 16 BANK 17 BANK 18 BANK 19 BANK 20 BANK 21 BANK 22 BANK 23
800h 880h 900h 980h AOOh A80h BOOh B80h
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)
80Bh 88Bh 90Bh 98Bh AOBh A8Bh BOBh B8Bh
80Ch — 88Ch — 90Ch CM4CONO 98Ch AOCh A8Ch BOCh B8Ch
80Dh COG3PHR COG4PHR 90Dh CM4CON1
80Eh COG3PHF COG4PHF 90Eh CM4NSEL
80Fh COG3BLKR COG4BLKR 90Fh CM4PSEL
810h COG3BLKF COG4BLKF 910h CM5CONO
811h COG3DBR COG4DBR 911h CM5CON1
812h COG3DBF COG4DBF 912h CM5NSEL
813h| COG3CONO COG4CONO | 913h CM5PSEL
814h| COG3CON1 COG4CON1 914h CM6CONO
815h COG3RISO COG4RISO 915h CM6CON1 Unimplemented Unimplemented Unimplemented Unimplemented Unimplemented
816h COG3RIS1 COG4RIS1 916h CM6NSEL Read as ‘0’ Read as ‘0’ Read as ‘0’ Read as ‘0’ Read as ‘0’
817h| COG3RSIMO COG4RSIMO | 917h CM6PSEL
818h| COG3RSIM1 COG4RSIM1 | 918h CM7CONO
819h COG3FIS0 COG4FISO CM7CON1
81Ah COG3FIS1 COG4FIS1 CM7NSEL
81Bh| COG3FSIMO0 COG4FSIMO CM7PSEL
81Ch| COG3FSIM1 COG4FSIM1 CM8CONO
81Dh COG3ASDO COG4ASDO CM8CON1
81Eh COGB3ASD1 COG4ASD1 CMB8NSEL
81Fh COG3STR 89Fh COGA4STR 91Fh CMB8PSEL 99Fh A1Fh A9Fh B1Fh B9Fh
820h 8A0h 920h 9A0h A20H AAOh B20h BAOh
General Purpose General Purpose General Purpose General Purpose General Purpose General Purpose General Purpose General Purpose
Register 48 Bytes| Register 48 Bytes| Register 48 Bytes| Register 48 Bytes| Register 48 Bytes| Register 48 Bytes| Register 48 Bytes| Register 48 Bytes|
86Fh 8EFh 96Fh 9EFh A6Fh AEFh B6Fh BEFh
870h 8FOh 970h 9F0h A70h AFOh B70h BFOh
Accesses Accesses Accesses Accesses Accesses Accesses Accesses Accesses
70h - 7Fh 70h - 7Fh 70h - 7Fh 70h - 7Fh 70h - 7Fh 70h — 7Fh 70h — 7Fh 70h — 7Fh
87Fh 8FFh 97Fh 9FFh A7Fh AFFh B7Fh BFFh
Legend: = Unimplemented data memory locations, read as ‘0’.
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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
CO00h 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 — C94h — D14h —
C15h — C95h — D15h —
C16h — C96h — D16h —
glg: = ggg: = gg: = 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 3-12: PIC16(L)F1777 MEMORY MAP, BANK 24-31
BANK 24 BANK 25 BANK 26 BANK 27 BANK 28 BANK 29 BANK 30 BANK 31
CO00h 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 — C94h — D14h —
C15h — C95h — D15h —
C16h — C96h — D16h —
glg: = ggg: = gg: = See Table 3-15 See Table 3-15 See Table 3-15 See Table 3-15 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 MD4CONO
C1Ch — C9Ch — D1Ch MD4CON1
C1Dh — C9Dh — D1Dh MD4SRC
C1Eh — C9Eh — D1Eh MD4CARL
C1Fh — C9Fh — D1Fh MD4CARH
C20h CAOh D20h
Unimplemented | CBFh| Unimplemented Unimplemented
Read as ‘0’ CCOh Read as ‘0’ 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’.

6/8/L,214(7)9101d



"ou| ABojouyda] diyooolN 0Z0Z-GL0Z @

€6 obed-a6181000vSA

TABLE 3-13: PIC16(L)F1779 MEMORY MAP, BANK 24-31
BANK 24 BANK 25 BANK 26 BANK 27 BANK 28 BANK 29 BANK 30 BANK 31
CO00h 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 — C94h — D14h —
C15h — C95h — D15h —
C16h — C96h — D16h —
glg: = ggg: = gg: = See Table 3-15 See Table 3-15 See Table 3-15 See Table 3-15 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 MD4CONO
C1Ch — C9Ch — D1Ch MD4CON1
C1Dh — C9Dh — D1Dh MD4SRC
C1Eh — C9Eh — D1Eh MD4CARL
C1Fh — C9Fh — D1Fh MD4CARH
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 3-14: PIC16(L)F1778 MEMORY MAP, BANK 27-30

Bank 27 Bank 28 Bank 29 Bank 30
D8Ch — EOCh PPSLOCK E8Ch — FOCh —
D8Dh — EODh INTPPS E8Dh — FODh —
D8Eh PWMEN EOEh TOCKIPPS E8Eh — FOEh —
D8Fh PWMLD EOFh T1CKIPPS E8Fh — FOFh CLCDATA
D90h PWMOUT E10h T1GPPS E90h RAOPPS F10h CLC1CON
D91h PWMS5PHL E11h T3CKIPPS E91h RA1PPS F11h CLC1POL
D92h PWM5PHH E12h T3GPPS E92h RA2PPS F12h CLC1SELO
D93h PWM5DCL E13h T5CKIPPS E93h RA3PPS F13h CLC1SEL1
D94h PWM5DCH E14h T5GPPS E94h RA4PPS F14h CLC1SEL2
D95h PWM5PRL E15h T2INPPS E95h RA5PPS F15h CLC1SEL3
D96h PWM5PRH E16h T4INPPS E96h RA6BPPS F16h CLC1GLSO0
D97h PWMS5OFL E17h T6INPPS E97h RA7PPS F17h CLC1GLS1
D98h PWM50OFH E18h T8INPPS E98h RBOPPS F18h CLC1GLS2
D9%h PWM5TMRL E19h CCP1PPS E99h RB1PPS F19h CLC1GLS3
D9Ah PWM5TMRH E1Ah CCP2PPS E9Ah RB2PPS F1Ah CLC2CON
D9Bh PWM5CON E1Bh CCP7PPS E9Bh RB3PPS F1Bh CLC2POL
D9Ch PWMSINTE E1Ch — E9Ch RB4PPS F1Ch CLC2SELO
D9Dh PWMSINTF E1Dh COG1INPPS E9Dh RB5PPS F1Dh CLC2SEL1
D9Eh | PWM5CLKCON | E1Eh COG2INPPS E9Eh RB6PPS F1Eh CLC2SEL2
D9Fh PWM5LDCON E1Fh COG3INPPS E9Fh RB7PPS F1Fh CLC2SEL3
DAOh PWM50OFCON E20h — EAOh RCOPPS F20h CLC2GLSO0
DA1h PWM6PHL E21h MD1CLPPS EA1h RC1PPS F21h CLC2GLS1
DA2h PWM6PHH E22h MD1CHPPS EA2h RC2PPS F22h CLC2GLS2
DA3h PWM6DCL E23h MD1MODPPS EA3h RC3PPS F23h CLC2GLS3
DA4h PWM6DCH E24h MD2CLPPS EA4h RC4PPS F24h CLC3CON
DAS5h PWM6PRL E25h MD2CHPPS EA5h RC5PPS F25h CLC3POL
DA6h PWM6PRH E26h MD2MODPPS EA6h RC6PPS F26h CLC3SELO
DA7h PWM6OFL E27h MD3CLPPS EA7h RC7PPS F27h CLC3SEL1
DA8h PWM60OFH E28h MD3CHPPS EA8h — F28h CLC3SEL2
DASh PWM6TMRL E29h MD3MODPPS EA9h — F29h CLC3SEL3
DAAh PWM6TMRH E2Ah — EAAh — F2Ah CLC3GLS0
DABh PWM6CON E2Bh — EABh — F2Bh CLC3GLS1
DACh PWMBGINTE E2Ch — EACh — F2Ch CLC3GLS2
DADh PWMBGINTF E2Dh PRG1RPPS EADh — F2Dh CLC3GLS3
DAEh | PWM6CLKCON | E2Eh PRG1FPPS EAEh — F2Eh CLC4CON
DAFh PWM6LDCON E2Fh PRG2RPPS EAFh — F2Fh CLC4POL
DBOh PWM60OFCON E30h PRG2FPPS EBOh — F30h CLC4SELO
DB1h PWM11PHL E31h PRG3FPPS EB1h — F31h CLC4SEL1
DB2h PWM11PHH E32h PRG3RPPS EB2h — F32h CLC4SEL2
DB3h PWM11DCL E33h EB3h — F33h CLC4SEL3
DB4h PWM11DCH E34h EB4h — F34h CLC4GLS0
DB5h PWM11PRL E35h CLCINOPPS EB5h — F35h CLC4GLS1
DB6h PWM11PRH E36h CLCIN1PPS EB6h — F36h CLC4GLS2
DB7h PWM110FL E37h CLCIN2PPS EB7h — F37h CLC4GLS3
DB8h PWM110FH E38h CLCIN3PPS EB8h — F38h —
DB%h PWM11TMRL E39h ADCACTPPS EB9h — F39h —
DBAh PWM11TMRH E3Ah SSPCLKPPS EBAh — F3Ah —
DBBh PWM11CON E3Bh SSPDATPPS EBBh — F3Bh —
DBCh PWM11INTE E3Ch SSPSSPPS EBCh — F3Ch —
DBDh PWM11INTF E3Dh RXPPS EBDh — F3Dh —
DBEh | PWM11CLKCON| E3Eh CKPPS EBEh — F3Eh —
DBFh | PWM11LDCON | E3Fh — EBFh — F3Fh —
DCOh | PWM110FCON | E40h ECOh F40h
DC1h _ _ o
DEFh E6Fh EEFh F6Fh

Legend: = Unimplemented data memory locations, read as ‘0’,
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TABLE 3-15: PIC16(L)F1777/9 MEMORY MAP, BANK 27-30
Bank 27 Bank 28 Bank 29 Bank 30

D8Ch — EOCh PPSLOCK E8Ch — FOCh —
D8Dh — EODh INTPPS E8Dh — FODh —
D8Eh PWMEN EOEh TOCKIPPS E8Eh — FOEh —
D8Fh PWMLD EOFh T1CKIPPS E8Fh — FOFh CLCDATA
D90h PWMOUT E10h T1GPPS E90h RAQOPPS F10h CLC1CON
D91h PWMS5PHL E11h T3CKIPPS E91h RA1PPS F11h CLC1POL
D92h PWMS5PHH E12h T3GPPS E92h RA2PPS F12h CLC1SELO
D93h PWM5DCL E13h T5CKIPPS E93h RA3PPS F13h CLC1SEL1
D94h PWM5DCH E14h T5GPPS E94h RA4PPS F14h CLC1SEL2
D95h PWM5PRL E15h T2INPPS E95h RA5PPS F15h CLC1SEL3
D96h PWM5PRH E16h T4INPPS E96h RABPPS F16h CLC1GLS0
D97h PWM50OFL E17h T6INPPS E97h RA7PPS F17h CLC1GLS1
D98h PWMS5OFH E18h T8INPPS E98h RBOPPS F18h CLC1GLS2
D9%h PWM5TMRL E19h CCP1PPS E99h RB1PPS F19h CLC1GLS3
D9Ah PWMSTMRH E1Ah CCP2PPS E9Ah RB2PPS F1Ah CLC2CON
D9Bh PWM5CON E1Bh CCP7PPS E9Bh RB3PPS F1Bh CLC2POL
D9Ch PWMSINTE E1Ch CCP8PPS E9Ch RB4PPS F1Ch CLC2SELO
D9Dh PWMSINTF E1Dh COG1INPPS E9Dh RB5PPS F1Dh CLC2SEL1
D9Eh | PWM5CLKCON | E1Eh COG2INPPS E9Eh RB6PPS F1Eh CLC2SEL2
D9Fh PWM5LDCON E1Fh COG3INPPS E9Fh RB7PPS F1Fh CLC2SEL3
DAOh PWM5OFCON E20h COG4INPPS EAOh RCOPPS F20h CLC2GLS0
DA1h PWM6PHL E21h MD1CLPPS EA1h RC1PPS F21h CLC2GLS1
DA2h PWM6PHH E22h MD1CHPPS EA2h RC2PPS F22h CLC2GLS2
DA3h PWM6DCL E23h MD1MODPPS EA3h RC3PPS F23h CLC2GLS3
DA4h PWM6DCH E24h MD2CLPPS EA4h RC4PPS F24h CLC3CON
DA5h PWM6PRL E25h MD2CHPPS EA5h RC5PPS F25h CLC3POL
DAGh PWM6PRH E26h MD2MODPPS EA6h RC6PPS F26h CLC3SELO
DA7h PWM6OFL E27h MD3CLPPS EA7h RC7PPS F27h CLC3SEL1
DA8h PWM6OFH E28h MD3CHPPS EA8h RDOPPS F28h CLC3SEL2
DA%Sh PWM6BTMRL E29h MD3MODPPS EA9h RD1PPS F29h CLC3SEL3
DAAh PWM6TMRH E2Ah MD4CLPPS EAAh RD2PPS F2Ah CLC3GLS0
DABh PWM6CON E2Bh MD4CHPPS EABh RD3PPS F2Bh CLC3GLS1
DACh PWMGINTE E2Ch MD4MODPPS EACh RD4PPS F2Ch CLC3GLS2
DADh PWMBINTF E2Dh PRG1RPPS EADh RD5PPS F2Dh CLC3GLS3
DAEh | PWM6CLKCON | E2Eh PRG1FPPS EAEh RD6PPS F2Eh CLC4CON
DAFh PWM6ELDCON E2Fh PRG2RPPS EAFh RD7PPS F2Fh CLC4POL
DBOh PWM6OFCON E30h PRG2FPPS EBOh REOPPS F30h CLC4SELO
DB1h PWM11PHL E31h PRG3FPPS EB1h RE1PPS F31h CLC4SEL1
DB2h PWM11PHH E32h PRG3RPPS EB2h RE2PPS F32h CLC4SEL2
DB3h PWM11DCL E33h PRG4FPPS EB3h F33h CLC4SEL3
DB4h PWM11DCH E34h PRG4RPPS EB4h F34h CLC4GLS0
DB5h PWM11PRL E35h CLCINOPPS EB5h F35h CLC4GLS1
DB6h PWM11PRH E36h CLCIN1PPS EB6h F36h CLC4GLS2
DB7h PWM110FL E37h CLCIN2PPS EB7h F37h CLC4GLS3
DB8h PWM110FH E38h CLCIN3PPS EB8h F38h

DB%h PWM11TMRL E39h ADCACTPPS EB9h F39h

DBAh PWM11TMRH E3Ah SSPCLKPPS EBAh F3Ah

DBBh PWM11CON E3Bh SSPDATPPS EBBh F3Bh

DBCh PWM11INTE E3Ch SSPSSPPS EBCh F3Ch

DBDh PWM11INTF E3Dh RXPPS EBDh F3Dh

DBEh | PWM11CLKCON | E3Eh CKPPS EBEh F3Eh

DBFh | PWM11LDCON | E3Fh EBFh F3Fh

DCOh | PWM110FCON | E40h ECOh F40h

DC1h PWM12PHL E31h EB1h F31h

DC2h PWM12PHH E32h EB2h F32h

DC3h PWM12DCL E33h EB3h — F33h

DC4h PWM12DCH E34h EB4h F34h

DC5h PWM12PRL E35h EB5h F35h

DC6h PWM12PRH E36h EB6h F36h -
DC7h PWM120FL E37h EB7h F37h

DC8h PWM120FH E38h EB8h F38h

DCoh PWM12TMRL E39h — EBSh F39h

DCAh PWM12TMRH E3Ah EBAh F3Ah

DCBh PWM12CON E3Bh EBBh F3Bh

DCCh PWM12INTE E3Ch EBCh F3Ch

DCDh PWM12INTF E3Dh EBDh F3Dh

DCEh | PWM12CLKCON | E3Eh EBEh F3Eh

DCFh | PWM12LDCON | E3Fh EBFh F3Fh

DCFh | PWM12LDCON | E3Fh EBFh F3Fh

DDOh | PWM120FCON | EG6Fh EEFh F6Fh

DD1h - o E6Fh EEFh F6Fh

DEFh E6Fh EEFh F6Fh

Legend: = Unimplemented data memory locations, read as ‘0’,
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TABLE 3-16: PIC16(L)F1777/8/9 MEMORY

MAP, BANK 31
Bank 31
F8Ch Unimplemented
Read as ‘0’
FE3h
FE4h STATUS_SHAD
FES5h WREG_SHAD
FE6h BSR_SHAD
FE7h PCLATH_SHAD
FESh FSROL_SHAD
FESh FSROH_SHAD
FEAh FSR1L_SHAD
FEBh FSR1H_SHAD
FECh —
FEDh STKPTR
FEEh TOSL
FEFh TOSH
Legend: = Unimplemented data memory locations,

read as ‘0,
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3.45

CORE FUNCTION REGISTERS
SUMMARY

The Core Function registers listed in Table 3-17 can
be addressed from any Bank.

TABLE 3-17: CORE FUNCTION REGISTERS SUMMARY (")
Value on Value on
Addr Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 all other
POR, BOR
Resets
Bank 0-31
x00h or Addressing this location uses contents of FSROH/FSROL to address data memory
INDFO . A XXXX XXXX|uuuu uuuu
x80h (not a physical register)
x01h or Addressing this location uses contents of FSR1H/FSR1L to address data memory
INDF1 . ; XXXX XXXX|uuuu uuuu
x81h (not a physical register)
x02h or -
x82h PCL Program Counter (PC) Least Significant Byte 0000 0000(0000 0000
x03hor! sratus _ — — T0 PD z DC C  |---1 1000|---q quuu
x83h
x04h or . .
%84h FSROL Indirect Data Memory Address 0 Low Pointer 0000 0000 |uuuu uuuu
x05h or . . .
%85h FSROH Indirect Data Memory Address 0 High Pointer 0000 0000|0000 0000
x06h or . .
X86h FSR1L Indirect Data Memory Address 1 Low Pointer 0000 0000 |uuuu uuuu
x07h or . . .
«87h FSR1H Indirect Data Memory Address 1 High Pointer 0000 0000|0000 0000
’;ggﬂ” BSR — — — BSR4 | BSR3 | BSR2 | BSR1 | BSRO |---0 0000|---0 0000
iggﬂ " WREG Working Register 0000 0000|uuuu uuuu
x0Ah or . .
*8Ah PCLATH — Write Buffer for the upper 7 bits of the Program Counter -000 0000|-000 0000
x0Bh or
«8Bh INTCON GIE PEIE | TMROIE INTE IOCIE | TMROIF | INTF IOCIF {0000 0000|0000 0000
Legend: x =unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as ‘0’, r = reserved.

Note 1:

Shaded locations are unimplemented, read as ‘0’.

These registers can be addressed from any bank.
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TABLE 3-18: SPECIAL FUNCTION REGISTER SUMMARY
Addr Name Bit 7 Bit 6 Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bit0 P‘g‘l';‘;%"R S:a'e“fé“s:{'s
Bank 0
00Ch [PORTA RA7 RAG RA5 RA4 RA3 RA2 RA1 RAO XXKX XXXX uuuu uuuu
00Dh [PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO XXKX XXXX uuuu uuuu
00Eh [PORTC RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO XXXX XXXX uuuu uuuu
00Fh |PORTD®) RD7 RD6 RD5 RD4 RD3 RD2 RD1 RDO xxxx xxxx | uuuu uuuu
010h |PORTE — — — — RE3 RE2) RE1G) REQ® -—-- xxxx | ---- uuuu
011h [PIR1 TMR1GIF ADIF RCIF TXIF SSP1IF CCP1IF TMR2IF TMRI1IF 0000 0000 0000 0000
012h [PIR2 OSFIF C2IF C1IF COG1IF BCL1IF CA4IF C3IF CCP2IF 0000 0000 0000 0000
013h [PIR3 — — COG2IF ZCDIF CLCA4IF CLC3IF CLC2IF CLC1IF --00 0000 --00 0000
014h [PIR4 — TMR8IF TMR5GIF TMRSIF TMR3GIF TMRS3IF TMRGIF TRMA4IF -000 0000 -000 0000
015h |PIR5 ccpraIF® CCP7IF COG4IF® COG3IF c8IF® C7IF® C6IF C5IF 0000 --00 | 0000 --00
016h |PIR6 — — — — PWM12IF() PWM11IF PWM6IF PWMS5IF ---- 0000 | ---- 0000
017h |[TMRO Timer0 Module Register 0000 0000 0000 0000
018h |[TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register XXXX XXXX uuuu uuuu
019h [TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX uuuu uuuu
01Ah |T1CON CS[1:0] CKPS[1:0] OSCEN SYNC — ON 0000 00-0 | uuuu uu-u
01Bh [T1GCON GE GPOL GTM GSPM GGO/DONE GVAL GSS[1:0] 0000 0x00 uuuu uxuu
01Ch [TMR3L Holding Register for the Least Significant Byte of the 16-bit TMR3 Register XXXX XXXX uuuu uuuu
01Dh [ TMR3H Holding Register for the Most Significant Byte of the 16-bit TMR3 Register XXXX XXXX uuuu uuuu
01Eh |T3CON CS[1:0] CKPS[1:0] OSCEN SYNC — ON 0000 00-0 | uuuu uu-u
01Fh |T3GCON GE GPOL GTM GSPM GGO/DONE GVAL GSS[1:0] 0000 0x00 | uuuu uxuu
Legend: x = unknown, u = unchanged, g = 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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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 0 P‘g;j%%"R rplue on all
Bank 1

08Ch | TRISA TRISA7 TRISA6 TRISAS TRISA4 TRISA3 TRISA2 TRISA1 TRISAQ 1111 1111 | 1111 1111
08Dh | TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO 1111 1111 | 1111 1111
08Eh |TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISCA TRISCO 1111 1111 | 1111 1111
08Fh | TRISD®) TRISD7 TRISD6 TRISD5 TRISD4 TRISD3 TRISD2 TRISD1 TRISDO 1111 1111 | 1111 1111
090h |TRISE — — — — — TRISE2) TRISE1®) TRISE0®) ———— 1111 | ---- 1111
091h |PIE1 TMR1GIE ADIE RCIE TXIE SSP1IE CCP1IE TMR2IE TMR1IE 0000 0000 | 0000 0000
092h |PIE2 OSFIE C2IE C1E COGI1IE BCL1IE C4IE C3IE CCP2IE 0000 0000 | 0000 0000
093h |PIE3 — — COG2IE ZCDIE CLC4IE CLC3IE CLC2IE CLC1IE --00 0000 | --00 0000
094h |PIE4 — TMRSIE TMR5GIE TMRSIE TMR3GIE TMR3IE TMR6IE TRM4IE -000 0000 | -000 0000
095h |PIE5 CCP8IE® CCP7IE COG4IER) COG3IE C8IE®) c7IE®) C6IE C5IE 0000 0000 | 0000 0000
096h |PIE6 — — — — PWM12IE®) PWM1IE PWM6IE PWMSIE ———= 0000 | ---- 0000
097h |OPTION_REG WPUEN INTEDG TMROCS TMROSE PSA PS[2:0] 1111 1111 | 1111 1111
098h |PCON STKOVF STKUNF — RWDT RMCLR RI POR BOR 00-1 1lag | ga-g gquu
099h |WDTCON — — WDTPS[4:0] SWDTEN --01 0110 | --01 0110
09Ah |OSCTUNE — — TUN[5:0] --00 0000 --00 0000
09Bh |OSCCON SPLLEN IRCF[3:0] — SCS[1:0] 0011 1-00 | 0011 1-00
09Ch |OSCSTAT SOSCR PLLR 0STS HFIOFR HFIOFL MFIOFR LFIOFR HFIOFS 0gq0 0q0g | gagq aq0q
09Dh |BORCON SBOREN BORFS — — — — — BORRDY 10-- ——- g | wu-- —-- u
09Eh |FVRCON FVREN FVRRDY TSEN TSRNG CDAFVR[1:0] ADFVR[1:0] 0g00 0000 | 0g00 0000
09Fh |ZCD1CON EN — ouT POL — — INTP INTN 0-x0 --00 | 0-x0 --00
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.
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TABLE 3-18: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
Addr Name Bit7 Bit 6 Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bit0 P‘g;j%%“R Q:z'e”reé"s:{'s
Bank 2
10Ch [LATA LATA7 LATAG LATA5 LATA4 LATA3 LATA2 LATA1 LATAO XXXX XXXX uuuu uuuu
10Dh [LATB LATB7 LATB6 LATB5 LATB4 LATB3 LATB2 LATB1 LATBO XXXX XXXX uuuu uuuu
10Eh |LATC LATC7 LATC6 LATC5 LATC4 LATC3 LATC2 LATCA1 LATCO XXKX XXXX uuuu uuuu
10Fh |LATD®) LATD? LATD6 LATD5 LATD4 LATD3 LATD2 LATD1 LATDO XXxx Xxxx | uuuu uuuy
110h |LATE® — — — — — LATE2 LATE1 LATEO ———- =111 | ---- -111
111h |CMOUT McgouT® Mc7ouT® MCeOUT MC50UT MC40UT MC30UT MC20UT MC10UT 0000 0000 0000 0000
112h |CM1CONO ON ouT — POL ZLF Reserved HYS SYNC 00-0 0100 00-0 0100
113h |CM1CON1 — — — — — — INTP INTN | ——— — 00 | --——- -- 00
114h |CM1NSEL = = = = NCH([3:0] === 0000 | ---- 0000
115h |CM1PSEL = = = = PCH[3:0] === 0000 | ---- 0000
116h |CM2CONO ON ouT — POL ZLF Reserved HYS SYNC 00-0 0100 00-0 0100
117h |CM2CON1 — — — — — — INTP INTN | ——— — 00 | --——- -- 00
118h |CM2NSEL = = = = NCHI[3:0] === 0000 | ---- 0000
119h |CM2PSEL = = = = PCH[3:0] === 0000 | ---- 0000
11Ah |CM3CONO ON ouT — POL ZLF Reserved HYS SYNC 00-0 0100 00-0 0100
11Bh |CM3CON1 — — — — — — INTP INTN | ——— — 00 | --——- -- 00
11Ch | CM3NSEL = = = = NCHI[3:0] === 0000 | ---- 0000
11Dh |CM3PSEL = = = = PCH[3:0] === 0000 | ---- 0000
1Eh |— Unimplemented = —
11Fh |— Unimplemented — —
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.
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TABLE 3-18: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)

Addr Name Bit7 Bit 6 Bit5 Bit4 Bit 3 Bit2 Bit 1 Bit0 P‘g;j%%"R Q:z'e”reé"s:{'s

Bank 3
18Ch |ANSELA — — ANSA5 ANSA4 ANSA3 ANSA2 ANSA1 ANSAO0 --11 1111 --11 1111
18Dh |ANSELB — — ANSB5 ANSB4 ANSB3 ANSB2 ANSB1 ANSBO --11 1111 --11 1111
18Eh |ANSELC ANSC7 ANSC6 ANSC5 ANSC4 ANSC3 ANSC2 — — 1111 11-- 1111 11--
18Fh |ANSELD®) ANSD7 ANSD6 ANSD5 ANSD4 ANSD3 ANSD2 ANSD1 ANSDO 1111 1111 1111 1111
190h |ANSELE®) — — — — — ANSE2 ANSE1 ANSEO ———- =111 | ---- -111
191h |PMADRL Program Memory Address Register Low Byte 0000 0000 0000 0000
192h |PMADRH — Program Memory Address Register High Byte 1000 0000 | 1000 0000
193h | PMDATL Program Memory Read Data Register Low Byte XXKX XXXX uuuu uuuu
194h |PMDATH — — Program Memory Read Data Register High Byte ——XX XXXX --uu uuuu
195h | PMCON1 _ CFGS LWLO FREE | WRERR WREN | WR | RD 1000 %000 | 1000 q00O
196h |PMCON2 Program Memory Control Register 2 0000 0000 0000 0000
197h |VREGCON = = = = | = = | VREGPM® | Reserved | ---—- —- o1 | ——— - 01
198h |— Unimplemented — —
198h |— Unimplemented — —
199h |RC1REG EUSART Receive Data Register 0000 0000 0000 0000
19Ah | TX1REG EUSART Transmit Data Register 0000 0000 0000 0000
19Bh | SP1BRGL SP1BRG[7:0] 0000 0000 0000 0000
19Ch | SP1BRGH SP1BRG[15:8] 0000 0000 0000 0000
19Dh [RC1STA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 0000 0000 0000 0000
19Eh |TX1STA CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 0000 0010 0000 0010
19Fh |BAUD1CON ABDOVF RCIDL — SCKP BRG16 — WUE ABDEN 01-0 0-00 01-0 0-00
199h

— [— Unimplemented — _
19Fh
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.
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TABLE 3-18: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)

Addr Name Bit 7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0 P‘g;j%%"R rplue on all

Bank 4
20Ch [WPUA WPUA7 WPUAG WPUAS5 WPUA4 WPUA3 WPUA2 WPUA1 WPUAO 1111 1111 1111 1111
20Dh [WPUB WPUB7 WPUB6 WPUBS WPUB4 WPUB3 WPUB2 WPUB1 WPUBO 1111 1111 1111 1111
20Eh [WPUC WPUC7 WPUC6 WPUC5 WPUC4 WPUC3 WPUC2 WPUC1 WPUCO 1111 1111 1111 1111
20Fh |wPUD® WPUD7 WPUD6 WPUD5 WPUD4 WPUD3 WPUD2 WPUD1 WPUDO 1111 1111 1111 1111
210h |WPUE — — — — WPUE3 wPUE2() WPUE1®) WPUEO®) -—-- 1111 | ---- 1111
211h | SSP1BUF Synchronous Serial Port Receive Buffer/Transmit Register XXXX XXXX | uuuu uuuu
212h |SSP1ADD ADD[7:0] 0000 0000 0000 0000
213h |SSP1MSK MSK][7:0] 1111 1111 1111 1111
214h |SSP1STAT SMP CKE D/A P S RW UA BF 0000 0000 0000 0000
215h [SSP1CON1 WCOL SSPOV SSPEN CKP SSPM[3:0] 0000 0000 0000 0000
216h [SSP1CON2 GCEN ACKSTAT ACKDT ACKEN RCEN PEN RSEN SEN 0000 0000 0000 0000
217h [SSP1CON3 ACKTIM PCIE SCIE BOEN SDAHT SBCDE AHEN DHEN 0000 0000 0000 0000
218h
— = Unimplemented — —

21Ah

21Bh [MD3CONO EN — ouT OPOL — — — BIT 0-00 ---0 0-00 ---0
21Ch [MD3CON1 — — CHPOL CHSYNC — — CLPOL CLSYNC --00 --00 --00 --00
21Dh |MD3SRC — — — MSJ[4:0] ---0 0000 ---0 0000
21Eh [MD3CARL — — — CL[4:0] ---0 0000 ---0 0000
21Fh |MD3CARH — — — CH[4:0] ---0 0000 ---0 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’.
: Unimplemented on PIC16LF1777/8/9.

3: Unimplemented on PIC16(L)F1778.
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TABLE 3-18: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
Addr Name Bit7 Bit 6 Bit5 Bit4 Bit 3 Bit2 Bit 1 Bit0 P‘g;j%%"R Q:z'e”reé"s:{'s
Bank 5
28Ch [ODCONA ODA7 ODA6 ODAS5 ODA4 ODA3 ODA2 ODA1 ODAO 0000 0000 0000 0000
28Dh |ODCONB ODB7 ODB6 ODB5 ODB4 ODB3 OoDB2 ODB1 ODBO 0000 0000 0000 0000
28Eh [ODCONC OoDC7 ODC6 ODC5 ODC4 ODC3 OoDC2 ODC1 ODCO 0000 0000 0000 0000
28Fh |ODCOND® oDD7 ODD6 ODD5 ODD4 OoDD3 OoDD2 ODD1 0ODDO 0000 0000 | 0000 0000
290h |ODCONE® — — — — — ODE2 ODE1 ODEO ---- -000 | --- -000
291h [CCPRI1L Capture/Compare/PWM Register 1 (LSB) XXKX XXXX uuuu uuuu
292h [CCPR1H Capture/Compare/PWM Register 1 (MSB) XXKX XXXX uuuu uuuu
293h [CCP1CON EN — ouT FMT MODE[3:0] 0-00 0000 0-00 0000
294h |CCP1CAP = = = = CTS[3:0] ——-= 0000 | ---- 0000
295h [CCPR2L Capture/Compare/PWM Register 2 (LSB) XXKX XXXX uuuu uuuu
296h [CCPR2H Capture/Compare/PWM Register 2 (MSB) XXKX XXXX uuuu uuuu
297h [CCP2CON EN — ouT FMT MODE[3:0] 0-00 0000 0-00 0000
298h |CCP2CAP = = = = CTS[3:0] ——-= 0000 | ---- 0000
299h [CCPR7L Capture/Compare/PWM Register 7 (LSB) XXKX XXXX uuuu uuuu
29Ah [CCPR7H Capture/Compare/PWM Register 7 (MSB) XXKK XXXX uuuu uuuu
29Bh [CCP7CON EN — ouT FMT MODE[3:0] 0-00 0000 0-00 0000
29Ch |CCP7CAP = = = = CTS[3:0] ——-= 0000 | ---- 0000
29Dh |— Unimplemented = —
29Eh |CCPTMRSH1 C8TSEL[1:0]® C7TSEL[1:0] C2TSEL[1:0] C1TSEL[1:0] --00 0000 | --00 0000
29Fh |CCPTMRS2 P10TSEL[1:0]® POTSEL[1:0] PATSEL[1:0] P3TSEL[1:0] --00 0000 | --00 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.
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TABLE 3-18: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
Addr Name Bit7 Bit 6 Bit5 Bit4 Bit 3 Bit2 Bit 1 Bit0 P‘g;j%%"R Q:z'e”reé"s:{'s
Bank 6
30Ch [SLRCONA SLRA7 SLRA6 SLRA5 SLRA4 SLRA3 SLRA2 SLRA1 SLRAO 1111 1111 1111 1111
30Dh [SLRCONB SLRB7 SLRB6 SLRB5 SLRB4 SLRB3 SLRB2 SLRB1 SLRBO 1111 1111 1111 1111
30Eh [SLRCONC SLRC7 SLRC6 SLRC5 SLRC4 SLRC3 SLRC2 SLRC1 SLRCO 1111 1111 1111 1111
30Fh |SLRCOND®) SLRD7 SLRD6 SLRD5 SLRD4 SLRD3 SLRD2 SLRD1 SLRDO 1111 1111 1111 1111
310h |SLRCONE® — — — — — SLRE2 SLRE1 SLREO ———- =111 | ---- -111
311h [CCPRS8L Capture/Compare/PWM Register 8 (LSB) XXKX XXXX uuuu uuuu
312h |CCPR8H Capture/Compare/PWM Register 8 (MSB) XXKX XXXX uuuu uuuu
313h |CCP8CON EN — ouT FMT MODE[3:0] 0-00 0000 0-00 0000
314h |CCPSCAP = = = = CTS[3:0] === 0000 | ---- 0000
315h [MD1CONO EN — ouT OPOL — — — BIT 0-00 ---0 0-00 ---0
316h [MD1CON1 — — CHPOL CHSYNC — — CLPOL CLSYNC --00 --00 --00 --00
317h |MD1SRC — — — MS[4:0] ---0 0000 | ---0 0000
318h |MD1CARL = = = CL[4:0] -=-0 0000 | ---0 0000
31%h |MD1CARH = = = CHI4:0] -=-0 0000 | ---0 0000
31Ah [— Unimplemented — —
31Bh [MD2CONO EN — ouT OPOL — — — BIT 0-00 ---0 0-00 ---0
31Ch [MD2CON1 — — CHPOL CHSYNC — — CLPOL CLSYNC --00 --00 --00 --00
31Dh |MD2SRC = = = MS[4:0] -=-0 0000 | ---0 0000
31Eh |MD2CARL = = = CL[4:0] -=-0 0000 | ---0 0000
31Fh |MD2CARH = = = CH[4:0] -=-0 0000 | ---0 0000
Legend: x = unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as ‘0", r = reserved.

Note

1:
2:
3:

Shaded locations are unimplemented, read as ‘0’.
Unimplemented, read as ‘1’.

Unimplemented on PIC16LF1777/8/9.
Unimplemented on PIC16(L)F1778.
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TABLE 3-18: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
Addr Name Bit 7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0 P‘g;j%%"R rplue on all
Bank 7
38Ch [INLVLA INLVLA7 INLVLAG INLVLA5S INLVLA4 INLVLA3 INLVLA2 INLVLA1 INLVLAO 1111 1111 1111 1111
38Dh [INLVLB INLVLB7 INLVLB6 INLVLB5 INLVLB4 INLVLB3 INLVLB2 INLVLB1 INLVLBO 1111 1111 1111 1111
38Eh [INLVLC INLVLC7 INLVLC6 INLVLC5 INLVLC4 INLVLC3 INLVLC2 INLVLC1 INLVLCO 1111 1111 1111 1111
38Fh |INLVLD® INLVLD7 INLVLD6 INLVLD5 INLVLD4 INLVLD3 INLVLD2 INLVLD1 INLVLDO 1111 1111 1111 1111
390h |INLVLE® — — — — INLVLE3 INLVLE2 INLVLE1 INLVLEO -——- 1111 -—-- 1111
391h |IOCAP I0CAP7 I0CAP6 I0CAP5 IOCAP4 IOCAP3 I0CAP2 IOCAP1 IOCAPO 0000 0000 0000 0000
392h |IOCAN IOCAN7 IOCAN6 IOCAN5 IOCAN4 IOCAN3 IOCAN2 IOCAN1 IOCANO 0000 0000 0000 0000
393h |IOCAF IOCAF7 IOCAF6 IOCAF5 IOCAF4 IOCAF3 IOCAF2 IOCAF1 IOCAFO0 0000 0000 0000 0000
394h |10CBP 10CBP7 10CBP6 10CBP5 10CBP4 10CBP3 10CBP2 10CBP1 10CBPO 0000 0000 0000 0000
395h |IOCBN IOCBN7 IOCBN6 IOCBN5 IOCBN4 IOCBN3 IOCBN2 IOCBN1 IOCBNO 0000 0000 0000 0000
396h |IOCBF IOCBF7 IOCBF6 IOCBF5 IOCBF4 IOCBF3 I0CBF2 IOCBF1 I0CBFO0 0000 0000 0000 0000
397h |IOCCP IOCCP7 I0CCP6 I0CCP5 I0CCP4 I0CCP3 I0CCP2 10CCP1 10CCPO 0000 0000 0000 0000
398h |IOCCN IOCCN7 IOCCN6 IOCCN5 IOCCN4 IOCCN3 I0CCN2 IOCCN1 IOCCNO 0000 0000 0000 0000
399h |IOCCF I0CCF7 I0CCF6 I0CCF5 IOCCF4 I0CCF3 I0CCF2 I0CCF1 I0CCFO0 0000 0000 0000 0000
39Ah [— Unimplemented — —
39Bh [— Unimplemented — —
39Ch [— Unimplemented — —
39Dh [IOCEP — — — — IOCEP3 — — — -—== 0--- -—== 0---
39Eh [IOCEN — — — — IOCEN3 — — — -—== 0--- -—== 0---
39Fh [IOCEF — — — — IOCEF3 — — — -—== 0--- -—== 0---
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.
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TABLE 3-18: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)

Addr Name Bit 7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0 P‘g;j%%"R rplue on all

Bank 8
40Ch
— |— Unimplemented — _

40Ch

40Dh |HIDRVB — — — — — — HIDB1 HDBO | -—— -—- 00 | -—— -—- 00
40Eh |— Unimplemented — —
40Fh | TMR5L Holding Register for the Least Significant Byte of the 16-bit TMR5 Register XXXX XXXX uuuu uuuu
410h | TMR5H Holding Register for the Most Significant Byte of the 16-bit TMR5 Register XXXX XXXX uuuu uuuu
411h |T5CON CS[1:0] CKPS[1:0] OSCEN SYNC — ON 0000 00-0 | uuuu uu-u
412h | T5GCON GE GPOL GT™M GSPM GGO/ GVAL GSS[1:0] 0000 0x00 uuuu uxuu

DONE

413h |T4ATMR Holding Register for the 8-bit TMR4 Register 0000 0000 0000 0000
414h | T4PR TMR4 Period Register 1111 1111 1111 1111
415h | T4CON ON CKPS[2:0] | OUTPS[3:0] 0000 0000 0000 0000
416h |T4HLT PSYNC CKPOL CKSYNC MODE([4:0] ---0 0000 ---0 0000
417h | T4CLKCON — — — — | CSI[3:0] ---- 0000 ---- 0000
418h |T4RST — — — RSEL[4:0] ---0 0000 ---0 0000
419h |— Unimplemented — —
41Ah |T6TMR Holding Register for the 8-bit TMR6 Register 0000 0000 0000 0000
41Bh | T6PR TMRG6 Period Register 1111 1111 1111 1111
41Ch |T6CON ON CKPS[2:0] | OUTPS[3:0] 0000 0000 0000 0000
41Dh |T6HLT PSYNC CKPOL CKSYNC MODE([4:0] ---0 0000 ---0 0000
41Eh | T6CLKCON — — — — | CSI[3:0] ---- 0000 ---- 0000
41Fh |T6RST — — — RSEL[4:0] ---0 0000 ---0 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/L,214(7)9101d



"ou| ABojouyda] diyooolN 0Z0Z-GL0Z @

19 obed-a6181000vSA

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 0 P‘g;j%%"R rplue on all

Bank 9
48Ch
to |— Unimplemented — —

48Dh

48Eh |ADRESL ADC Result Register Low XXKK XXXX uuuu uuuu
48Fh |ADRESH ADC Result Register High XXKK XKXXX uuuu uuuu
490h |ADCONO CHS[5:0] GO/DONE ADON 0000 0000 0000 0000
491h |ADCON1 ADFM ADCSJ[2:0] — ADNREF ADPREF[1:0] 0000 -000 0000 -000
492h |ADCON2 — — TRIGSEL[5:0] --00 0000 --00 0000
493h |T2TMR Holding Register for the 8-bit TMR2 Register 0000 0000 0000 0000
494h |T2PR TMR2 Period Register 1111 1111 1111 1111
495h | T2CON ON CKPS[2:0] OUTPSI[3:0] 0000 0000 0000 0000
496h | T2HLT PSYNC CKPOL CKSYNC MODE[4:0] 0000 0000 0000 0000
497h | T2CLKCON — — — — CS[3:0] ---- 0000 ---- 0000
498h |T2RST — — — RSEL[4:0] ---0 0000 ---0 0000
49%h |— Unimplemented — —
49Ah | T8BTMR Holding Register for the 8-bit TMR8 Register 0000 0000 0000 0000
49Bh | T8PR TMRS8 Period Register 1111 1111 1111 1111
49Ch | TBCON ON CKPS[2:0] OUTPSI[3:0] 0000 0000 0000 0000
49Dh | T8HLT PSYNC CKPOL CKSYNC MODE[4:0] 0000 0000 0000 0000
49Eh | T8CLKCON — — — — CS[3:0] ---- 0000 ---- 0000
49Fh | T8RST — — — RSEL[4:0] ---0 0000 ---0 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.

,
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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 0 P‘g;j%%“R rplue on all

Bank 10

50Ch

— |— Unimplemented — —
50Eh

50Fh |OPA1NCHS — — — — NCH[3:0] ———= 0000 | ---- 0000
510h |OPA1PCHS — — — — PCH[3:0] ———= 0000 | ---- 0000
511h |OPA1CON EN — — UG — ORPOL ORM[1:0] 0--0 -000 | 0--0 -000
512h |OPA10RS — — — ORS[4:0] ---0 0000 | ---0 0000
513h |OPA2NCHS — — — — NCH[3:0] ———= 0000 | ---- 0000
514h |OPA2PCHS — — — — PCH[3:0] ———= 0000 | ---- 0000
515h |OPA2CON EN — — UG — ORPOL ORM[1:0] 0--0 -000 | 0--0 -000
516h |OPA20RS — — — ORS[4:0] ---0 0000 | ---0 0000
517h |OPA3NCHS — — — — NCH[3:0] ———= 0000 | ---- 0000
518h |OPA3PCHS — — — — PCH[3:0] ———= 0000 | ---- 0000
519h |OPA3CON EN SP — UG — ORPOL ORM[1:0] 00-0 -000 | 00-0 -000
51Ah |OPA30RS — — — ORS[4:0] ---0 0000 | ---0 0000
51Bh |OPA4NCHS®) = = = = NCH[3:0] ——== 0000 | ---- 0000
51Ch |OPA4PCHS®) = = = = PCHI[3:0] ——== 0000 | ---- 0000
51Dh |OPA4CON®) EN SP = uG = ORPOL ORM[1:0] 00-0 -000 | 00-0 -000
51Eh |OPA4ORS®) = = = ORS[4:0] --=0 0000 | ---0 0000
51Fh |— Unimplemented — —
Legend: x = unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as ‘0’, r = reserved.

Note

1:
2:
3:

Shaded locations are unimplemented, read as ‘0’.

Unimplemented, read as ‘1’.
Unimplemented on PIC16LF1777/8/9.
Unimplemented on PIC16(L)F1778.
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TABLE 3-18: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
Addr Name Bit 7 Bit 6 Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0 P‘g;j%%"R Q:z'e”reé"s:{'s
Bank 11

58Ch [— Unimplemented — —
58Dh |DACLD — — DAC6LD®) DAC5LD — — DAC2LD DAC1LD --00 --00 | --00 --00
58Eh | DAC1CONO EN FM OE1 OE2 PSS[1:0] NSS[1:0] 0000 0000 | 0000 0000
58Fh |DAC1REFL REF[7:0] 00000 0000 0000 0000
590h |DAC1REFH REF[15:8] 00000 0000 0000 0000
591h | DAC2CONO EN FM OE1 OE2 | PSS[1:0] NSS[1:0] 0000 0000 | 0000 0000
592h |DAC2REFL REF[7:0] 00000 0000 0000 0000
593h |DAC2REFH REF[15:8] 00000 0000 0000 0000
594h | DAC3CONO EN — OE1 OE2 | PSS[1:0] NSS[1:0] 0-00 0000 | 0-00 0000
595h |DAC3REF — — — REF[4:0] ---0 0000 | ---0 0000
596h | DAC4CONO EN — OE1 OE2 | PSS[1:0] NSS[1:0] 0-00 0000 | 0-00 0000
597h |DAC4REF — — — REF[4:0] ---0 0000 0000 0000
598h | DAC5CONO EN FM OE1 OE2 | PSS[1:0] NSS[1:0] 0000 0000 | 0000 0000
599h |DACS5REFL REF[7:0] 00000 0000 0000 0000
59Ah |DAC5REFH REF[15:8] 00000 0000 0000 0000
59Bh | DAC6CONO®) EN FM OE1 OE2 | PSS[1:0] NSS[1:0] 0000 0000 | 0000 0000
59Ch | DACBREFL®) REF[7:0] 00000 0000 | 0000 0000
59Dh | DACBREFH®) REF[15:8] 00000 0000 | 0000 0000
59Eh | DAC7CONO EN — OE1 OE2 | PSS[1:0] NSS[1:0] 0-00 0000 | 0-00 0000
59Fh |DAC7REF — — — REF[4:0] ---0 0000 0000 0000

Legend:

Note 1:

x = unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as ‘0’, r = reserved.
Shaded locations are unimplemented, read as ‘0’.

Unimplemented, read as ‘1’.
2: Unimplemented on PIC16LF1777/8/9.
3: Unimplemented on PIC16(L)F1778.
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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 0 P‘g;j%%“R rplue on all

Bank 12

60Ch

to |— Unimplemented — —
613h
60Ch | DAC8CONO® EN = OE1 OE2 PSS[1:0] NSS1 NSS0 0-00 0000 | 0-00 0000
60Dh | DACBREF®) = = = REF[4:0] -—-0 0000 | 0000 0000
60Eh |PRG4RTSS® = = = = RTSS[3:0] === 0000 | ---- 0000
60Fh |PRG4FTSS®) = = = = FTSS[3:0] === 0000 | ---- 0000
610h |PRG4INS®) = = = = INS[3:0] === 0000 | ---- 0000
611h |PRG4CONO®) EN = FEDG REDG MODE[1:0] 0s GO 0-000 0000 | 0-00 0000
612h |PRG4CON1() = = = = = | RDY FPOL RPOL ———= =000 | ---- -000
613h |PRG4CON2(3) = = = ISET[4:0] -==0 0000 | ---0 0000
614h |PWM3DCL DC[1:0] = = = | = = = P — O —
615h PWM3DCH DCI[9:2] XXKK KXXX uuuu uuuu
616h |PWM3CON EN | = ouT POL = = = = 0-00 ———— | 0-00 --—--
617h |PWM4DCL DC[1:0] = = = = = = P — O —
618h |PWM4DCH DCI[9:2] XXKK XKXXX uuuu uuuu
619h |PWM4CON EN | = ouT POL = = = = 0-00 ———— | 0-00 --—--
61Ah |PWM9DCL DC[1:0] = = = = = = P — O —
61Bh |PWM9DCH DCI[9:2] XXKK XKXXX uuuu uuuu
61Ch |PWM9CON EN | = ouT POL = = = = 0-00 ———— | 0-00 --—--
61Dh |PWM10DCL®) DC[1:0] — — — — — — P e p— PR TR—
61Eh |PWM10DCH® DC[9:2] XXXX XXXX | uuuu uuuu
61Fh |PWM10CON®) EN | = ouT POL = = = = 0-00 ———— | 0-00 --—--
Legend: x = unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as ‘0", r = reserved.

Note

1:

3:

Shaded locations are unimplemented, read as ‘0’.
Unimplemented, read as ‘1’.

Unimplemented on PIC16LF1777/8/9.
Unimplemented on PIC16(L)F1778.
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TABLE 3-18: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)

Addr Name Bit 7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0 P‘gl'.\:j%‘(’)"R rplue on all

Bank 13

68Ch |— Unimplemented — —
68Dh [COG1PHR — — COG Rising Edge Phase Delay Count Register --00 0000 --00 0000
68Eh [COG1PHF — — COG Falling Edge Phase Delay Count Register --00 0000 --00 0000
68Fh [COG1BLKR — — COG Rising Edge Blanking Count Register --00 0000 --00 0000
690h |COG1BLKF — — COG Falling Edge Blanking Count Register --00 0000 --00 0000
691h |[COG1DBR — — COG Rising Edge Dead-band Count Register --00 0000 --00 0000
692h [COG1DBF — — COG Falling Edge Dead-band Count Register --00 0000 --00 0000
693h |COG1CONO EN LD — CS[1:0] MDI[2:0] 00-0 0000 00-0 0000
694h |COG1CON1 RDBS FDBS — — POLD POLC POLB POLA 00-- 0000 00-- 0000
695h |COG1RISO RIS7 RIS6 RIS5 RIS4 RIS3 RIS2 RIS1 RISO 0000 0000 0000 0000
696h |COG1RIS1 RIS15 RIS14 RIS13 RIS12 RIS11 RIS10 RIS9 RIS8 0000 0000 0000 0000
697h |COG1RSIMO RSIM7 RSIM6 RSIM5 RSIM4 RSIM3 RSIM2 RSIM1 RSIMO 0000 0000 0000 0000
698h |COG1RSIM1 RSIM15 RSIM14 RSIM13 RSIM12 RSIM11 RSIM10 RSIM9 RSIM8 0000 0000 0000 0000
699h | COG1FISO FIS7 FIS6 FIS5 FIS4 FIS3 FIS2 FIS1 FISO 0000 0000 0000 0000
69Ah |COG1FIS1 FIS15 FIS14 FIS13 FIS12 FIS11 FIS10 FIS9 FIS8 0000 0000 0000 0000
69Bh | COG1FSIMO FSIM7 FSIM6 FSIM5 FSIM4 FSIM3 FSIM2 FSIM1 FSIMO 0000 0000 0000 0000
69Ch |COG1FSIM1 FSIM15 FSIM14 FSIM13 FSIM12 FSIM11 FSIM10 FSIM9 FSIM8 0000 0000 0000 0000
69Dh |COG1ASDO ASE ARSEN ASDBDI[1:0] ASDACI1:0] — — 0001 01-- 0001 01--
69Eh |COG1ASD1 ASTE ASBE AS5E AS4E AS3E AS2E AS1E ASOE 0000 0000 0000 0000
69Fh |COG1STR 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.

Shaded locations are unimplemented, read as ‘0’.
Unimplemented, read as ‘1’.

: Unimplemented on PIC16LF1777/8/9.

3: Unimplemented on PIC16(L)F1778.

Note 1:
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TABLE 3-18: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)

Addr Name Bit7 Bit 6 Bit5 Bit4 Bit 3 Bit2 Bit 1 Bit0 P‘g;j%%"R gﬁ'e”reé"s:{'s

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 ASDBDI[1:0] ASDACI[1:0] — — 0001 01-- 0001 01--
71Eh |COG2ASD1 ASTE ASGE ASS5E 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.
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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 0 P‘g;j%%“R rplue on all

Bank 15

78Ch

— |— Unimplemented — —
78Dh

78Eh | PRG1RTSS — — — — RTSS[3:0] ---- 0000 ---- 0000
78Fh |PRG1FTSS — — — — FTSS[3:0] ---- 0000 ---- 0000
790h |PRG1INS — — — — INS[3:0] ---- 0000 ---- 0000
791h | PRG1CONO EN — FEDG REDG MODE([1:0] 0s GO 0-000 0000 | 0-00 0000
792h | PRG1CONT1 — — — — — RDY FPOL RPOL ---- -000 ---- -000
793h | PRG1CON2 — — — ISET[4:0] ---0 0000 ---0 0000
794h | PRG2RTSS — — — — RTSS[3:0] ---- 0000 ---- 0000
795h | PRG2FTSS — — — — FTSS[3:0] ---- 0000 ---- 0000
796h | PRG2INS — — — — INS[3:0] ---- 0000 ---- 0000
797h | PRG2CONO EN — FEDG REDG MODE([1:0] 0s GO 0-000 0000 | 0-00 0000
798h | PRG2CONT1 — — — — — RDY FPOL RPOL ---- -000 ---- -000
799h | PRG2CON2 — — — ISET[4:0] ---0 0000 ---0 0000
79Ah | PRG3RTSS — — — — RTSS[3:0] ---- 0000 ---- 0000
79Bh | PRG3FTSS — — — — FTSS[3:0] ---- 0000 ---- 0000
79Ch | PRG3INS — — — — INS[3:0] ---- 0000 ---- 0000
79Dh | PRG3CONO EN — FEDG REDG MODE([1:0] 0s GO 0-000 0000 | 0-00 0000
79Eh | PRG3CON1 — — — — — RDY FPOL RPOL ---- -000 ---- -000
79Fh |PRG3CON2 — — — ISET[4:0] ---0 0000 ---0 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.
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TABLE 3-18: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
Addr Name Bit7 Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 P‘gl'.\:j%‘(’)"R rplue on all
Bank 16

80Ch |— Unimplemented — —
80Dh [COG3PHR — — COG Rising Edge Phase Delay Count Register --00 0000 --00 0000
80Eh [COG3PHF — — COG Falling Edge Phase Delay Count Register --00 0000 --00 0000
80Fh [COG3BLKR — — COG Rising Edge Blanking Count Register --00 0000 --00 0000
810h [COG3BLKF — — COG Falling Edge Blanking Count Register --00 0000 --00 0000
811h [COG3DBR — — COG Rising Edge Dead-band Count Register --00 0000 --00 0000
812h [COG3DBF — — COG Falling Edge Dead-band Count Register --00 0000 --00 0000
813h |COG3CONO EN LD — CS[1:0] MD[2:0] 00-0 0000 | 00-0 0000
814h |COG3CON1 RDBS FDBS — — POLD POLC POLB POLA 00-- 0000 | 00-- 0000
815h | COG3RISO RIS7 RIS6 RIS5 RIS4 RIS3 RIS2 RIS1 RISO 0000 0000 | 0000 0000
816h | COG3RIS1 RIS15 RIS14 RIS13 RIS12 RIS11 RIS10 RIS9 RIS8 0000 0000 | 0000 0000
817h | COG3RSIMO RSIM7 RSIM6 RSIM5 RSIM4 RSIM3 RSIM2 RSIM1 RSIMO 0000 0000 | 0000 0000
818h | COG3RSIM1 RSIM15 RSIM14 RSIM13 RSIM12 RSIM11 RSIM10 RSIM9 RSIM8 0000 0000 | 0000 0000
819h | COGS3FISO FIS7 FIS6 FIS5 FIS4 FIS3 FIS2 FIS1 FISO 0000 0000 | 0000 0000
81Ah | COGS3FIS1 FIS15 FIS14 FIS13 FIS12 FIS11 FIS10 FIS9 FIS8 0000 0000 | 0000 0000
81Bh | COG3FSIMO FSIM7 FSIM6 FSIM5 FSIM4 FSIM3 FSIM2 FSIMA FSIMO 0000 0000 | 0000 0000
81Ch | COG3FSIM1 FSIM15 FSIM14 FSIM13 FSIM12 FSIM11 FSIM10 FSIM9 FSIM8 0000 0000 | 0000 0000
81Dh |COG3ASDO ASE ARSEN ASDBDI[1:0] ASDACI[1:0] = = 0001 01-- | 0001 01--
81Eh |COG3ASD1 ASTE ASBE AS5E ASAE AS3E AS2E AS1E ASOE 0000 0000 | 0000 0000
81Fh |COG3STR SDATD SDATC SDATB SDATA STRD STRC STRB STRA 0000 0000 | 0000 0000

Legend:
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.

x = unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as ‘0", r = reserved.
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TABLE 3-18: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
Addr Name Bit7 Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 P‘gl'.\:j%‘(’)"R rplue on all
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 |COG4DBREA) — — 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 | COG4RISO®) RIS7 RIS6 RIS5 RIS4 RIS3 RIS2 RIST RISO 0000 0000 | 0000 0000
896h |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 | COGAFISOR) FIS7 FIS6 FIS5 FIS4 FIS3 FIS2 FIST FISO 0000 0000 | 0000 0000
89Ah | COG4FIS1®) 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 |COG4ASDOR) ASE ARSEN ASDBD[1:0] ASDAC[1:0] = = 0001 01-- | 0001 0l--
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:

Note 1: Unimplemented, read as ‘1’.
2: Unimplemented on PIC16LF1777/8/9.
3: Unimplemented on PIC16(L)F1778.

x = unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as ‘0", r = reserved.
Shaded locations are unimplemented, read as ‘0’.
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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.

TABLE 3-18: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
Addr Name Bit 7 Bit 6 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 P‘g‘g%‘g‘R rplue on all
Bank 18
90Ch |CM4CONO ON ouT POL ZLF Reserved HYS SYNC 00-0 0100 | 00-0 0100
90Dh |CM4CON1 = = = = = INTP INTN | ———— —- 00 | ——— - 00
90Eh |CM4NSEL = = — NCH[3:0] ———- 0000 | ---- 0000
90Fh |CM4PSEL = = — PCH[3:0] ———- 0000 | ---- 0000
910h |CM5CONO ON ouT POL ZLF Reserved HYS SYNC 00-0 0100 | 00-0 0100
911h |CM5CON1 — — — — — INTP INTN | ———— — 00 | ———- - 00
912h |CM5NSEL — — — NCH[3:0] ———= 0000 | ---- 0000
913h |CM5PSEL — — — PCH[3:0] ———= 0000 | ---- 0000
914h |CMBCONO ON ouT POL ZLF Reserved HYS SYNC 00-0 0100 | 00-0 0100
915h |CMB6CON1 — — — — — INTP INTN | ———— — 00 | ———- - 00
916h |CMENSEL — — — NCH[3:0] ———= 0000 | ---- 0000
917h |CM6PSEL — — — PCH[3:0] ———= 0000 | ---- 0000
918h |CM7CONO®) ON ouT POL ZLF Reserved HYS SYNC 00-0 0100 | 00-0 0100
919h |CM7CON1®) — — — — — INTP INTN | ———— — 00 | ———- - 00
91Ah |CM7NSEL®) = = = NCH[3:0] === 0000 | ---- 0000
91Bh |CM7PSEL® = = = PCHI[3:0] ——== 0000 | ---- 0000
91Ch |CM8CONO®) ON ouT POL ZLF Reserved HYS SYNC 00-0 0100 | 00-0 0100
91Dh |CM8CON1®) = = = = = INTP INTN | ———- —- 00 | —-—- - 00
91Eh |CM8NSEL® = = = NCH[3:0] === 0000 | ---- 0000
91Fh |CM8PSEL®) = = = PCH[3:0] === 0000 | ---- 0000
Bank 19-25
x0Ch/ |— Unimplemented — —
x8Ch
x1Fh/
x9Fh
Legend: x = unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as ‘0", r = reserved.
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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 0 P‘g;j%%“R rplue on all
Bank 26
DOCh
— |— Unimplemented — —
D1Ah
D1Bh | MD4CONO®) EN = ouT OPOL = = = BIT 0-00 —==0 | 0-00 ---0
D1Ch | MD4CON16@) = = CHPOL CHSYNC = = CLPOL CLSYNC --00 --00 | --00 --00
D1Dh | MD4SRC® = = = MS[4:0] -=-0 0000 | ---0 0000
D1Eh | MD4CARL® = = = CL[4:0] -=-0 0000 | ---0 0000
D1Fh |MD4CARH®) = = = CHI[4:0] -==0 0000 | ---0 0000
Legend: x = unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as ‘0", r = reserved.

Shaded locations are unimplemented, read as ‘0’.
Note 1: Unimplemented, read as ‘1’.
: Unimplemented on PIC16LF1777/8/9.
3: Unimplemented on PIC16(L)F1778.
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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 0 P‘g;j%%"R gﬁ'e”reé"s:{'s
Bank 27
D8Ch | — Unimplemented — —
D8Dh [— Unimplemented = —
D8Eh |PWMEN — — — — MPWM12EN®) | MPWM11EN MPWMGEN MPWMS5EN ---- 0000 ---- 0000
D8Fh |PWMLD — — — — MPWM12LD®) MPWM11LD MPWM6LD MPWM5LD ---- 0000 ---- 0000
D90h | PWMOUT — — — — MPWM120UT®)| MPWM110UT | MPWMBOUT MPWMS50UT ---- 0000 ---- 0000
D91h |PWM5PHL PH[7:0] XXKX XXXX uuuu uuuu
D92h | PWM5PHH PH[15:8] XXXX XXXX uuuu uuuu
D93h |PWM5DCL DCI7:0] XXKK XXXX uuuu uuuu
D94h |PWM5DCH DC[15:8] XXKX XXXX uuuu uuuu
D95h | PWM5PRL PR[7:0] XXKK XXXX uuuu uuuu
D96h | PWM5PRH PR[15:8] XXKK XXXX uuuu uuuu
D97h | PWM5OFL OF[7:0] XXKK XXXX uuuu uuuu
D98h | PWM50FH OF[15:8] XXXX XXXX uuuu uuuu
D99%h |PWM5TMRL TMR[7:0] 0000 0000 0000 0000
D9Ah | PWM5TMRH TMR[15:8] 0000 0000 0000 0000
D9Bh | PWM5CON EN — ouT POL MODE[1:0] — — 0-00 00-- 0-00 00--
D9Ch | PWMSINTE — — — — OFIE PHIE DCIE PRIE ---- 0000 ---- 0000
D9Dh | PWMSINTF — — — — OFIF PHIF DCIF PRIF ---- 0000 ---- 0000
D9Eh | PWM5CLKCON — PS[2:0] — — CS[1:0] -000 --00 -000 --00
D9Fh | PWM5LDCON LDA LDT — — — — LDS[1:0] 00-- --00 00-- --00
DAOh | PWM50OFCON — OFM[1:0] OFO — — OFS[1:0] -000 --00 -000 --00
DA1h | PWM6PHL PH[7:0] XXKX XXXX uuuu uuuu
DA2h | PWM6PHH PH[15:8] XXXX XXXX uuuu uuuu
DA3h | PWM6DCL DCI7:0] XXKK XXXX uuuu uuuu
DA4h | PWM6DCH DC[15:8] XXKK XXXX uuuu uuuu
DA5h | PWM6PRL PR[7:0] XXKK XXXX uuuu uuuu
DA6h | PWM6PRH PR[15:8] XXXX XXXX uuuu uuuu
DA7h | PWM6OFL OF[7:0] XXXX XXXX uuuu uuuu
DA8h | PWM6OFH OF[15:8] XXKK XXXX uuuu uuuu
DASh | PWM6TMRL TMR[7:0] 0000 0000 0000 0000
DAAh [ PWMBTMRH TMR[15:8] 0000 0000 0000 0000
Legend: x = unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as ‘0", r = reserved.

Note

1:
2:
3:

Shaded locations are unimplemented, read as ‘0’.
Unimplemented, read as ‘1’.

Unimplemented on PIC16LF1777/8/9.
Unimplemented on PIC16(L)F1778.
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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 0 P‘g;j%%"R Q:z'e”reé"s:{'s
Bank 27 (Continued)

DABh | PWM6ECON EN — ouT POL MODE[1:0] — — 0-00 00-- 0-00 00--
DACh | PWMBINTE — — — — OFIE PHIE DCIE PRIE ---- 0000 ---- 0000
DADh | PWM6INTF — — — — OFIF PHIF DCIF PRIF ---- 0000 ---- 0000
DAEh | PWM6CLKCON — PS[2:0] — — CS[1:0] -000 --00 -000 --00
DAFh | PWM6LDCON LDA LDT — — — — LDS[1:0] 00-- --00 00-- --00
DBOh | PWM6OFCON — OFM[1:0] OFO — — OFS[1:0] -000 --00 -000 --00
DB1h |PWM11PHL PH[7:0] XXKX XXXX uuuu uuuu
DB2h |PWM11PHH PH[15:8] XXKX XXXX uuuu uuuu
DB3h |PWM11DCL DCI7:0] XXKX XXXX uuuu uuuu
DB4h |PWM11DCH DC[15:8] XXKK XXXX uuuu uuuu
DB5h | PWM11PRL PR[7:0] XXKK XXXX uuuu uuuu
DB6h | PWM11PRH PR[15:8] XXKK XXXX uuuu uuuu
DB7h |PWM110FL OF[7:0] XXKK XXXX uuuu uuuu
DB8h |PWM110FH OF[15:8] XXKK XXXX uuuu uuuu
DBYh |[PWM11TMRL TMR[7:0] 0000 0000 0000 0000
DBAh [PWM11TMRH TMR[15:8] 0000 0000 0000 0000
DBBh [PWM11CON EN — ouT POL MODE[1:0] — — 0-00 00-- 0-00 00--
DBCh [ PWM11INTE — — — — OFIE PHIE DCIE PRIE ---- 0000 ---- 0000
DBDh [ PWM11INTF — — — — OFIF PHIF DCIF PRIF ---- 0000 ---- 0000
DBEh |PWM11CLKCON — PS[2:0] — — CS[1:0] -000 --00 -000 --00
DBFh [PWM11LDCON LDA LDT — — — — LDS[1:0] 00-- --00 00-- --00
DCOh | PWM110FCON — OFM[1:0] OFO — — OFS[1:0] -000 --00 -000 --00

Legend:

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.

x = unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as ‘0’, r = reserved.
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TABLE 3-18: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
Addr Name Bit 7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0 P‘g;j%%"R rplue on all

Bank 27 (Continued)
DC1h | PWM12PHL®) PH[7:0] xxxx Xxxx | Uuuu uuuu
DC2h | PWM12PHH®) PH[15:8] XXKK XKXXX uuuu uuuu
DC3h | PWM12DCLA) DCI[7:0] XXXX XXXX | uuuu uuuu
DC4h | PWM12DCH®) DC[15:8] XxXxx ¥xxx | uuuu uuuu
DC5h | PWM12PRL®) PRI[7:0] xxxx xxxx | uuuu uuuu
DC6h | PWM12PRH®) PR[15:8] XXKK XKXXX uuuu uuuu
DC7h | PWM120FL® OF[7:0] XXXX XXXX | uuuu uuuu
DC8h | PWM120FH®) OF[15:8] XXXX XXXX uuuu uuuu
DCY | PWM12TMRL®) TMR[7:0] 0000 0000 0000 0000
DCAh | PWM12TMRH®) TMR[15:8] 0000 0000 0000 0000
DCBh | PWM12CON®) EN — ouT POL MODE[1:0] — — 0-00 00-- 0-00 00--
DCCh [ PWM12INTE®) — — — — OFIE PHIE DCIE PRIE -—== 0000 | ---- 0000
DCDh | PWM12INTF) = — — — OFIF PHIF DCIF PRIF ——== 0000 | ---- 0000
DCEh | PWM12CLKCON®) — PS[2:0] — — CS[1:0] -000 --00 -000 --00
DCFh | PWM12LDCON®) LDA LDT — — — — LDS[1:0] 00-- --00 00-- --00
DDOh | PWM120FCON®) — OFM[1:0] OFO — — OFS[1:0] -000 --00 -000 --00
DD1h

to [— Unimplemented — —
DEFh
Legend: x = unknown, u = unchanged, g = 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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TABLE 3-18: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
Addr Name Bit 7 Bit 6 Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0 P‘g;j%%"R Q:z'e”reé"s:{'s
Bank 28
EOCh — Unimplemented — —
EOBh
EOCh | PPSLOCK = = = = = = = PPSLOCKED | ---- --- 0| ——— -——- 0
EODh |INTPPS = = INTPPS[5:0] --00 1000 | --uu uuuu
EOEh | TOCKIPPS = = TOCKIPPS[5:0] --00 0100 | --uu uuuu
EOFh | T1ICKIPPS = = T1CKIPPS[5:0] --01 0000 | --uu uuuu
E10h [T1GPPS = = T1GPPS[5:0] --00 1101 | --uu uuuu
E11h | T3CKIPPS = = T3CKIPPS[5:0] --01 0000 | --uu uuuu
E12h [ T3GPPS = = T3GPPS[5:0] --01 0000 | --uu uuuu
E13h | T5CKIPPS = = T5CKIPPS[5:0] --01 0000 | --uu uuuu
E14h | T5GPPS = = T5GPPS[5:0] --00 1100 | --uu uuuu
E15h | T2INPPS = = T2INPPS[5:0] --01 0011 | --uu uuuu
E16h | TAINPPS = = T4INPPS[5:0] --01 0101 | --uu uuuu
E17h | TEINPPS = = T6INPPS[5:0] --01 0100 | --uu uuuu
E18h | TBINPPS = = T8INPPS[5:0] --01 0010 | --uu uuuu
E19h [CCP1PPS = = CCP1PPS[5:0] --01 0010 | --uu uuuu
E1Ah |CCP2PPS = = CCP2PPS[5:0] --01 0001 | --uu uuuu
E1Bh |CCP7PPS = = CCP7PPS[5:0] --00 1101 | --uu uuuu
E1Ch |ccpsppst® = — CCP8PPS[5:0] --00 1101 | --uu uuuu
E1Dh | COGIN1PPS = = COG1PPS[5:0] --00 1000 | --uu uuuu
E1Eh | COG2INPPS = = COG2PPS[5:0] --00 1001 | --uu uuuu
E1Fh | COG3INPPS = = COG3PPS[5:0] --00 1010 | --uu uuuu
E20h | COG4INPPS®) = — COG4PPS[5:0] --00 1010 | --uu uuuu
E21h [MD1CLPPS = = MD1CLPPS[5:0] --00 0100 | --uu uuuu
E22h | MD1CHPPS = = MD1CHPPSI[5:0] --00 0011 | --uu uuuu
E23h [MD1MODPPS = = MD1MODPPS[5:0] --00 0101 | --uu uuuu
E24h [MD2CLPPS = = MD2CLPPS[5:0] --00 0100 | --uu uuuu
E25h | MD2CHPPS = = MD2CHPPSI[5:0] --00 0011 | --uu uuuu
E26h | MD2MODPPS = = MD2MODPPS[5:0] --00 0101 | --uu uuuu
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.
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TABLE 3-18: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
Addr Name Bit 7 Bit 6 Bit 5 Bit4 Bit 3 Bit2 Bit 1 Bit0 P‘g;j%%"R Q:z'e”reé"s:{'s
Bank 28 (Continued)
E27h | MD3CLPPS — — MD3CLPPS[5:0] --00 1100 --uu uuuu
E28h | MD3CHPPS — — MD3CHPPS[5:0] --00 1011 --uu uuuu
E29h | MD3MODPPS — — MD3MODPPS[5:0] --00 0101 --uu uuuu
E2Ah |MD4CLPPS(®) — — MD4CLPPS[5:0] --00 1100 | --uu uuuu
E2Bh | MD4CHPPS®) — — MD4CHPPS[5:0] --00 1011 | --uu uuuu
E2Ch | MD4MODPPS(®) — — MD4MODPPS[5:0] --00 0101 | --uu uuuu
E2Dh |PRG1RPPS — — PRG1RPPS[5:0] --00 0100 --uu uuuu
E2Eh |PRG1FPPS — — PRG1FPPSI[5:0] --00 0101 --uu uuuu
E2Fh | PRG2RPPS — — PRG2RPPS[5:0] --01 0001 --uu uuuu
E30h | PRG2FPPS — — PRG2FPPS[5:0] --01 0010 --uu uuuu
E31h | PRG3RPPS — — PRG3RPPS[5:0] --01 0100 --uu uuuu
E32h | PRG3FPPS — — PRG3FPPS[5:0] --01 0101 --uu uuuu
E33h | PRG4RPPS®) — — PRG4RPPSI[5:0] --01 0100 | --uu uuuu
E34h | PRG4FPPS() — — PRG4FPPS[5:0] --01 0101 | --uu uuuu
E35h | CLC1INOPPS — — CLCINOPPS[5:0] --00 0000 --uu uuuu
E36h [CLC1IN1PPS — — CLCIN1PPS[5:0] --00 0001 --uu uuuu
E37h |CLC1IN2PPS — — CLCIN2PPS[5:0] --00 1110 --uu uuuu
E38h |CLC1IN3PPS — — CLCIN3PPS[5:0] --00 1111 --uu uuuu
E39h |ADCACTPPS — — ADCACTPPS[5:0] --00 1100 --uu uuuu
E3Ah | SSPCLKPPS — — SSPCLKPPS[5:0] --01 0011 --uu uuuu
E3Bh | SSPDATPPS — — SSPDATPPS[5:0] --01 0100 --uu uuuu
E3Ch | SSPSSPPS — — SSPSSPPS[5:0] --00 0101 | --uu uuuu
E3Dh [RXPPS — — RXPPS[5:0] --01 0111 --uu uuuu
E3Eh | CKPPS — — CKPPSJ[5:0] --01 0110 --uu uuuu
E3Fh |— Unimplemented — —
E6Fh
Legend: x = unknown, u = unchanged, g = 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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TABLE 3-18: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)

Addr Name Bit 7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0 P‘g;j%%"R rplue on all
Bank 29
E8Ch

— |— Unimplemented — —
E8Fh
E90h | RAOPPS — — RAOPPS[4:0] --00 0000 -—uu uuuu
E91h |RA1PPS = = RA1PPS[4:0] --00 0000 --uu uuuu
E92h |RA2PPS — — RA2PPS[4:0] --00 0000 --uu uuuu
E93h |RA3PPS — — RA3PPS[4:0] --00 0000 -—uu uuuu
E94h |RA4PPS = = RA4PPS[4:0] --00 0000 --uu uuuu
E95h |RA5PPS — — RA5PPS[4:0] --00 0000 --uu uuuu
E96h |RABPPS — — RA6PPS[4:0] --00 0000 —--uu uuuu
E97h |RA7PPS = = RA7PPS[4:0] --00 0000 --uu uuuu
E98h |RBOPPS — — RBOPPS[5:0] --00 0000 --uu uuuu
E9%h |RB1PPS — — RB1PPS[5:0] --00 0000 --uu uuuu
E9Ah |RB2PPS — — RB2PPS[5:0] --00 0000 --uu uuuu
E9Bh |RB3PPS — — RB3PPS[5:0] --00 0000 --uu uuuu
E9Ch |RB4PPS — — RB4PPS[5:0] --00 0000 --uu uuuu
E9Dh |RB5PPS — — RB5PPS[5:0] --00 0000 --uu uuuu
E9Eh |RB6PPS — — RB6PPS[5:0] --00 0000 --uu uuuu
E9Fh |RB7PPS — — RB7PPS[5:0] --00 0000 --uu uuuu
EAOh |RCOPPS — — RCOPPSI[5:0] --00 0000 --uu uuuu
EA1h |RC1PPS — — RC1PPS[5:0] --00 0000 --uu uuuu
EA2h |RC2PPS — — RC2PPS[5:0] --00 0000 --uu uuuu
EA3h |RC3PPS — — RC3PPS[5:0] --00 0000 --uu uuuu
EA4h |RC4PPS — — RC4PPS[5:0] --00 0000 --uu uuuu
EA5h |RC5PPS — — RC5PPSI[5:0] --00 0000 --uu uuuu
EA6h |RC6PPS — — RC6PPS[5:0] --00 0000 --uu uuuu
EA7h |RC7PPS — — RC7PPS[5:0] --00 0000 --uu uuuu

Legend:

Note 1:
2:
3:

x = unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as ‘0", r = reserved.

,

Shaded locations are unimplemented, read as ‘0’.

Unimplemented, read as ‘1’.
Unimplemented on PIC16LF1777/8/9.
Unimplemented on PIC16(L)F1778.
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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 0 P‘g;j%%"R rplue on all
Bank 29 (Cont.)
EA8h |RDOPPS(®) = — RDOPPS[5:0] --00 0000 | --uu uuuu
EA9h [RD1PPS(®) = = RD1PPS[5:0] --00 0000 | --uu uuuu
EAAh |RD2PPS®) = = RD2PPS[5:0] --00 0000 | --uu uuuu
EABh [ RD3PPS(®) — — RD3PPS[5:0] --00 0000 | --uu uuuu
EACh | RD4PPS(®) — — RD4PPS[5:0] --00 0000 | --uu uuuu
EADh | RD5PPS(®) = — RD5PPS[5:0] --00 0000 | --uu uuuu
EAEh |RD6PPS(®) = = RD6PPS[5:0] --00 0000 | --uu uuuu
EAFh |RD7PPS®) = = RD7PPS[5:0] --00 0000 | --uu uuuu
EBOh |REOPPS®) — — REOPPS|[5:0] --00 0000 | --uu uuuu
EB1h |RE1PPS®) = — RE1PPS[5:0] --00 0000 | --uu uuuu
EB2h |RE2PPS®) = = RE2PPSI[5:0] --00 0000 | --uu uuuu
EB3h

to [— Unimplemented = —
EEFh
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’.

[

Unimplemented on PIC16LF1777/8/9.
3: Unimplemented on PIC16(L)F1778.
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TABLE 3-18: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)

Addr Name Bit 7 Bit6 Bit5 Bit 4 Bit3 Bit 2 Bit 1 Bit 0 POR BOR | other Roscts

Bank 30
FOCh
— |— Unimplemented — —

FOEh

FOFh |CLCDATA — — — — MLC40UT MLC30UT | MLC20UT | MLC10UT ---- x000 ---- 1000
F10h [CLC1CON EN — ouT INTP INTN MODE([2:0] 0-00 0000 0-00 0000
F11h |CLC1POL POL — — — G4POL G3POL | G2POL | G1POL 0--- xXxXxX 0--- uuuu
F12h |CLC1SELO — — D1S[5:0] ——XX XKXXX --uu uuuu
F13h |CLC1SEL1 — — D2S[5:0] ——XX XKXXX --uu uuuu
F14h |CLC1SEL2 — — D3S[5:0] ——XX XKXXX --uu uuuu
F15h |CLC1SEL3 — — D4S[5:0] ——XX XKXXX --uu uuuu
F16h |CLC1GLSO G1D4T G1D4N G1D3T G1D3N G1D2T G1D2N G1D1T G1D1IN XXXX XXXX uuuu uuuu
F17h |CLC1GLS1 G2D4T G2D4N G2D3T G2D3N G2D2T G2D2N G2D1T G2D1N XXXX XXXX uuuu uuuu
F18h |CLC1GLS2 G3D4T G3D4N G3D3T G3D3N G3D2T G3D2N G3D1T G3D1N XXXX XXXX uuuu uuuu
F19h |CLC1GLS3 G4D4AT G4D4N G4D3T G4D3N G4D2T G4D2N G4D1T G4D1N XXXX XXXX uuuu uuuu
F1Ah |CLC2CON EN — ouT INTP INTN MODE([2:0] 0-00 0000 0-00 0000
F1Bh |CLC2POL POL — — — G4POL G3POL G2POL G1POL 0--- xXxXxX 0--- uuuu
F1Ch | CLC2SELO — — D1S[5:0] ——XX XKXXX --uu uuuu
F1Dh | CLC2SEL1 — — D2S[5:0] ——XX XKXXX --uu uuuu
F1Eh |CLC2SEL2 — — D3S[5:0] ——XX XKXXX --uu uuuu
F1Fh | CLC2SEL3 — — D4S[5:0] ——XX XKXXX --uu uuuu
F20h |CLC2GLSO0 G1D4T G1D4N G1D3T G1D3N G1D2T G1D2N G1D1T G1D1IN XXXX XXXX uuuu uuuu
F21h |CLC2GLS1 G2D4T G2D4N G2D3T G2D3N G2D2T G2D2N G2D1T G2D1N XXXX XXXX uuuu uuuu
F22h |CLC2GLS2 G3D4T G3D4N G3D3T G3D3N G3D2T G3D2N G3D1T G3D1N XXXX XXXX uuuu uuuu
F23h |CLC2GLS3 G4D4AT G4D4N G4D3T G4D3N G4D2T G4D2N G4D1T G4D1N XXXX XXXX uuuu uuuu
F24h |CLC3CON EN — ouT INTP INTN MODE([2:0] 0-00 0000 0-00 0000
F25h |CLC3POL POL — — — G4POL G3POL G2POL G1POL 0--- xXxXxX 0--- uuuu
F26h |CLC3SELO — — D1S[5:0] ——XX XKXXX --uu uuuu
F27h |CLC3SEL1 — — D2S[5:0] ——XX XKXXX --uu uuuu
F28h |CLC3SEL2 — — D3S[5:0] ——XX XKXXX --uu uuuu
F29h |CLC3SEL3 — — D4S[5:0] ——XX XKXXX --uu uuuu
F2Ah |CLC3GLS0 G1D4T G1D4N G1D3T G1D3N G1D2T G1D2N G1D1T G1D1IN XXXX XXXX uuuu uuuu
Legend: x = unknown, u = unchanged, g = 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.

6/8/L,.14(7)9101d



9g obed-a6181000vSA

6/8/L,214(7)9101d

-oul ABojouyos | diyoosolN 0202-GL0Z @

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 0 P‘g;j%%“R Q:z'e”reé"s:{'s

Bank 30 (Continued)
F2Bh |CLC3GLS1 G2D4AT G2D4N G2D3T G2D3N G2D2T G2D2N G2D1T G2D1N XXKX XXXX uuuu uuuu
F2Ch |CLC3GLS2 G3D4T G3D4N G3D3T G3D3N G3D2T G3D2N G3D1T G3D1N XXKK XXXX uuuu uuuu
F2Dh |CLC3GLS3 G4DAT G4D4N G4D3T G4D3N G4D2T G4D2N G4D1T G4D1N XXKX XXXX uuuu uuuu
F2Eh | CLC4CON EN OE ouT INTP INTN MODE[2:0] 0000 0000 0000 0000
F2Fh |CLC4POL POL — — — G4POL G3POL G2POL G1POL 0--- XXXX 0--- uuuu
F30h |CLC4SELO D18[7:0] XXKX XXXX uuuu uuuu
F31h |CLC4SEL1 D2S[7:0] XXKX XXXX uuuu uuuu
F32h |CLC4SEL2 D3S[7:0] XXKK XXXX uuuu uuuu
F33h |CLC4SEL3 D48[7:0] XXKX XXXX uuuu uuuu
F34h |CLC4GLSO G1D4T G1D4N G1D3T G1D3N G1D2T G1D2N G1D1T G1D1N XXKX XXXX uuuu uuuu
F35h |CLC4GLS1 G2D4T G2D4N G2D3T G2D3N G2D2T G2D2N G2D1T G2D1N XXKK XXXX uuuu uuuu
F36h |CLC4GLS2 G3D4T G3D4N G3D3T G3D3N G3D2T G3D2N G3D1T G3D1N XXKK XXXX uuuu uuuu
F37h |CLC4GLS3 G4D4T G4D4N G4D3T G4D3N G4D2T G4D2N G4D1T G4D1N XXKK XXXX uuuu uuuu
F2Eh
— |— Unimplemented = =

F6Fh

Legend: x = unknown, u = unchanged, g = 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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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 0 P‘g;j%%“R rplue on all
Bank 31
F8Ch
to |— Unimplemented — —
FE3h
FE4h |STATUS_SHAD — — | — | — — z DC c o xxx | ———= —uuu
FE5h |WREG_SHAD Working Register Shadow XXKK XKXXX uuuu uuuu
FE6h |BSR_SHAD — — | — | Bank Select Register Shadow ——x xxxx | ---u uuuw
FE7h |PCLATH_SHAD — Program Counter Latch High Register Shadow —XXX XKXXX uuuu uuuu
FE8h |FSROL_SHAD Indirect Data Memory Address 0 Low Pointer Shadow XXKK KXXX uuuu uuuu
FESh |FSROH_SHAD Indirect Data Memory Address 0 High Pointer Shadow XXXX XXXX uuuu uuuu
FEAh |FSR1L_SHAD Indirect Data Memory Address 1 Low Pointer Shadow XXXX XXXX uuuu uuuu
FEBh |FSR1H_SHAD Indirect Data Memory Address 1 High Pointer Shadow XXXX XXXX uuuu uuuu
FECh | — Unimplemented — —
FEDh | STKPTR — | — — Current Stack Pointer ---1 1111 ---1 1111
FEEh |TOSL Top of Stack Low byte XKXX XXXX uuuu uuuu
FEFh | TOSH — |T0p of Stack High byte —XXX XXXX -uuu uuuu
Legend: x = unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as ‘0", r = reserved.

Shaded locations are unimplemented, read as ‘0’.
Note 1: Unimplemented, read as ‘1’.
: Unimplemented on PIC16LF1777/8/9.
3: Unimplemented on PIC16(L)F1778.
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3.5 PCL and PCLATH

The Program Counter (PC) is 15 bits wide. The low byte
comes from the PCL register, which is a readable and
writable register. The high byte (PC[14:8]) is not directly
readable or writable and comes from PCLATH. On any
Reset, the PC is cleared. Figure 3-4 shows the five
situations for the loading of the PC.

FIGURE 3-4: LOADING OF PCIN
DIFFERENT SITUATIONS
14 PCH PCL 0 Instruction with
PCLLL L LTI T IITL] oboie
6 75 0 8.7

PCLATHII T T T T T T ] ALUResult

14 PCH PCL 0
PCLITT[TTTTTITTTTT] coro, can
T
64/ 0 11
PCLATHEI [ [ [ [WIFIN OPCODE <10:0>
14 PCH PCL 0
PCLITTIITTITIITTIT] cam
Y Y

8.1

6 1 0
PCLATHEL [ [ [ [ [ 1] w

14  PCH PCL 0
PCLITITITTTTITITTIT] e
Y
154
PC+W
14 PCH PCL 0
PCLITTITTITITITTIT] ==
Y
151

PC + OPCODE <8:0>

3.5.1 MODIFYING PCL

Executing any instruction with the PCL register as the
destination simultaneously causes the Program
Counter PC[14:8] bits (PCH) to be replaced by the con-
tents of the PCLATH register. This allows the entire
contents of the program counter to be changed by
writing the desired upper seven bits to the PCLATH
register. When the lower eight bits are written to the
PCL register, all 15 bits of the program counter will
change to the values contained in the PCLATH register
and those being written to the PCL register.

3.5.2 COMPUTED GOTO

A computed GOTO is accomplished by adding an offset to
the program counter (ADDWEF PCL). When performing a
table read using a computed GOTO method, care should
be exercised if the table location crosses a PCL memory
boundary (each 256-byte block). Refer to Application
Note AN556, “Implementing a Table Read” (DS00556).

3.5.3 COMPUTED FUNCTION CALLS

A computed function CALL allows programs to maintain
tables of functions and provide another way to execute
state machines or look-up tables. When performing a
table read using a computed function CALL, care
should be exercised if the table location crosses a PCL
memory boundary (each 256-byte block).

If using the CALL instruction, the PCH[2:0] and PCL
registers are loaded with the operand of the CALL
instruction. PCH[6:3] is loaded with PCLATH[6:3].

The CALLW instruction enables computed calls by com-
bining PCLATH and W to form the destination address.
A computed CALLW is accomplished by loading the W
register with the desired address and executing CALLW.
The PCL register is loaded with the value of W and
PCH is loaded with PCLATH.

3.54 BRANCHING

The branching instructions add an offset to the PC.
This allows relocatable code and code that crosses
page boundaries. There are two forms of branching,
BRW and BRA. The PC will have incremented to fetch
the next instruction in both cases. When using either
branching instruction, a PCL memory boundary may be
crossed.

If using BRW, load the W register with the desired
unsigned address and execute BRW. The entire PC will
be loaded with the address PC + 1 + W.

If using BRA, the entire PC will be loaded with PC + 1 +,
the signed value of the operand of the BRA instruction.

DS40001819D-page 88
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3.6 Stack

All devices have a 16-level x 15-bit wide hardware
stack (refer to Figures 3-1 and 3-2). The stack space is
not part of either program or data space. The PC is
PUSHed onto the stack when CALL or CALLW instruc-
tions are executed or an interrupt causes a branch. The
stack is POPed in the event of a RETURN, RETLW or a
RETFIE instruction execution. PCLATH is not affected
by a PUSH or POP operation.

The stack operates as a circular buffer if the STVREN
bit is programmed to ‘0‘ (Configuration Words). This
means that after the stack has been PUSHed sixteen
times, the seventeenth PUSH overwrites the value that
was stored from the first PUSH. The eighteenth PUSH
overwrites the second PUSH (and so on). The
STKOVF and STKUNF flag bits will be set on an Over-
flow/Underflow, regardless of whether the Reset is
enabled.

3.6.1 ACCESSING THE STACK

The stack is available through the TOSH, TOSL and
STKPTR registers. STKPTR is the current value of the
Stack Pointer. The TOSH:TOSL register pair points to
the TOP of the stack. Both registers are read/writable.
TOS is split into TOSH and TOSL due to the 15-bit size
of the PC. To access the stack, adjust the value of
STKPTR, which will position TOSH:TOSL, then
read/write to TOSH:TOSL. STKPTR is five bits to allow
detection of overflow and underflow.

Note:  Care should be taken when modifying the
STKPTR while interrupts are enabled.

Note: There are no instructions/mnemonics
called PUSH or POP. These are actions
that occur from the execution of the CALL,
CALLW, RETURN, RETLW and RETFIE
instructions or the vectoring to an interrupt

address.

FIGURE 3-5:

During normal program operation, CALL, CALLW and
Interrupts  will increment STKPTR while RETLW,
RETURN, and RETFIE will decrement STKPTR. At any
time, STKPTR can be inspected to see how much
stack is left. The STKPTR always points at the currently
used place on the stack. Therefore, a CALL or CALLW
will increment the STKPTR and then write the PC, and
a return will unload the PC and then decrement the
STKPTR.

Reference Figure 3-5 through Figure 3-8 for examples
of accessing the stack.

ACCESSING THE STACK EXAMPLE 1

Rev. 10-000043A
713012013

TOSH:TOSL <): OxOF

0x0E

Stack Reset Disabled
(STVREN = 0)

0x0D

0x0C

0x0B

Initial Stack Configuration:

0x0A

0x09

After Reset, the stack is empty. The

0x08

empty stack is initialized so the Stack
Pointer is pointing at 0x1F. If the Stack

0x07

Overflow/Underflow Reset is enabled, the
TOSH/TOSL register will return ‘0’. If the

0x06

Stack Overflow/Underflow Reset is

0x05

disabled, the TOSH/TOSL register will
return the contents of stack address

0x04

OxOF.

0x03

0x02

0x01

0x00

TOSH:TOSL <): 0x1F 0x0000

Stack Reset Enabled
(STVREN = 1)

© 2015-2020 Microchip Technology Inc.
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FIGURE 3-6: ACCESSING THE STACK EXAMPLE 2

0x0F

0x0E

0x0D

0x0C

0x0B

0x0A

0x09 This figure shows the stack configuration
after the first CALL or a single interrupt.

0x08 If a RETURN instruction is executed, the

0x07 return address will be placed in the
Program Counter and the Stack Pointer

0x06 decremented to the empty state (Ox1F).

0x05

0x04

0x03

0x02

0x01

TOSH:TOSL <): 0x00 | Return Address

FIGURE 3-7: ACCESSING THE STACK EXAMPLE 3

0xOF

0x0E

0x0D

0x0C After seven CALLS or six CALLs and an

0x0B interrupt, the stack looks like the figure on

OX0A the left. A series of RETURN instruction_s will
repeatedly place the return addresses into

0x09 the Program Counter and pop the stack.

0x08

0x07

<):| 0x06 | Return Address

0x05 | Return Address

0x04 | Return Address

0x03 | Return Address

0x02 | Return Address

0x01 Return Address

0x00 | Return Address

DS40001819D-page 90
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FIGURE 3-8: ACCESSING THE STACK EXAMPLE 4

0x0F Return Address

OxO0E | Return Address

0x0D | Return Address

0x0C | Return Address

0x0B | Return Address

Ox0A | Return Address When the stack is full, the next CALL or

0x09 | Return Address an interrupt will set the Stack Pointer to
0x10. This is identical to address 0x00 so

0x08 | Return Address the stack will wrap and overwrite the

0x07 Return Address return address at 0x00. If the Stack
Overflow/Underflow Reset is enabled, a

0x06 | Return Address Reset will occur and location 0x00 will

0x05 | Return Address not be overwritten.

0x04 Return Address

0x03 Return Address

0x02 Return Address

0x01 Return Address

TOSH:TOSL <):| 0x00 | Return Address

3.6.2 OVERFLOW/UNDERFLOW RESET

If the STVREN bit in Configuration Words

is

programmed to ‘1’, the device will be reset if the stack
is PUSHed beyond the sixteenth level or POPed
beyond the first level, setting the appropriate bits
(STKOVF or STKUNF, respectively) in the PCON
register.

3.7 Indirect Addressing

The INDFn registers are not physical registers. Any
instruction that accesses an INDFn register actually
accesses the register at the address specified by the
File Select Registers (FSR). If the FSRn address
specifies one of the two INDFn registers, the read will
return ‘0’ and the write will not occur (though Status bits
may be affected). The FSRn register value is created
by the pair FSRnH and FSRnL.

The FSR registers form a 16-bit address that allows an
addressing space with 65536 locations. These locations
are divided into three memory regions:

« Traditional Data Memory

 Linear Data Memory

* Program Flash Memory

© 2015-2020 Microchip Technology Inc.
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FIGURE 3-9: INDIRECT ADDRESSING
( 0x0000 0x0000
Traditional
Data Memory
OxOFFF OxOFFF
0x1000
Reserved
Ox1FFF
0x2000
Linear
Data Memory
0x29AF
0x29B0
Reserved
FSR Ox7FFF
Address < 0x8000 0x0000
Range
Program
Flash Memory
\ OxFFFF Ox7FFF
Note: Not all memory regions are completely implemented. Consult device memory tables for memory limits.
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3.7.1 TRADITIONAL DATA MEMORY

The traditional data memory is a region from FSR
address 0x000 to FSR address OxFFF. The addresses
correspond to the absolute addresses of all SFR, GPR
and common registers.

FIGURE 3-10: TRADITIONAL DATA MEMORY MAP
Direct Addressing Indirect Addressing
From Opcode
4 BSR 0 6 0 7 FSRxH 0 7 FSRxL 0
CITTTTIEIT T fofofofol TTTICTTTTTTT]
-
Bank Select | Location Select Bank Select Location Select
—® 00000 00001 00010 11111
0x00
e o o
Ox7F
Bank 0 Bank 1 Bank 2 Bank 31
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3.7.2 LINEAR DATA MEMORY

The linear data memory is the region from FSR
address 0x2000 to FSR address 0x29AF. This region is
a virtual region that points back to the 80-byte blocks of
GPR memory in all the banks.

Unimplemented memory reads as 0x00. Use of the
linear data memory region allows buffers to be larger
than 80 bytes because incrementing the FSR beyond
one bank will go directly to the GPR memory of the next
bank.

The 16 bytes of common memory are not included in
the linear data memory region.
FIGURE 3-11: LINEAR DATA MEMORY
MAP

Rev. 10-000057A
713112013

7 FSRnH 0 7 FSRaL 0
PRI T Iy I TITIT]

Location Select . 0x2000

0x020
Bank 0
0x06F

0x0A0
Bank 1
O0xOEF

0x120
. Bank 2
0x16F

0xF20
Bank 30
OxF6F

— Ox29AF

3.7.3 PROGRAM FLASH MEMORY

To make constant data access easier, the entire
program Flash memory is mapped to the upper half of
the FSR address space. When the MSB of FSRnH is
set, the lower 15 bits are the address in program
memory which will be accessed through INDF. Only the
lower eight bits of each memory location is accessible
via INDF. Writing to the program Flash memory cannot
be accomplished via the FSR/INDF interface. All
instructions that access program Flash memory via the
FSR/INDF interface will require one additional
instruction cycle to complete.

FIGURE 3-12: PROGRAM FLASH
MEMORY MAP

Rev. 10-000058A
713112013

7 FSRAH 0 7 FSRaL 0
HENEEEEEREEEEEEEEN

Location Select — 0x8000

0x0000

Program
Flash

- Memory

(low 8 bits)

Ox7FFF

\— OXFFFF
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4.0 DEVICE CONFIGURATION

Device configuration consists of Configuration Words,
Code Protection and Device ID.

4.1 Configuration Words

There are several Configuration Word bits that allow
different oscillator and memory protection options.
These are implemented as Configuration Word 1 at
8007h and Configuration Word 2 at 8008h.

Note:  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‘l.
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4.2 Register Definitions: Configuration Words

REGISTER 4-1: CONFIG1: CONFIGURATION WORD 1

R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 U-1
FCMEN | IESO CLKOUTEN | BOREN[1:0] | —
bit 13 bit 8
R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1
cp(M MCLRE PWRTE WDTE[1:0] | FOSC[2:0]
bit 7 bit 0
Legend:
R = Readable bit P = Programmabile 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 FCMEN: Fail-Safe Clock Monitor Enable bit
1 = ON Fail-Safe Clock Monitor and internal/external switchover are both enabled
0 = OFF Fail-Safe Clock Monitor is disabled
bit 12 IESO: Internal External Switchover bit
1 = ON Internal/External Switchover mode is enabled
0 = OFF Internal/External Switchover mode is disabled
bit 11 CLKOUTEN: Clock Out Enable bit
If FOSC Configuration bits are set to LP, XT, HS modes:
This bit is ignored, CLKOUT function is disabled. Oscillator function on the CLKOUT pin.
All other FOSC modes:
1 = ON CLKOUT function is disabled. I/O function on the CLKOUT pin.
0 = OFF  CLKOUT function is enabled on the CLKOUT pin.
bit 10-9 BOREN([1:0]: Brown-out Reset Enable bits
11 = ON BOR enabled
10 = NSLEEP BOR enabled during operation and disabled in Sleep
01 = SBODEN BOR controlled by SBOREN bit of the BORCON register
00 = OFF BOR disabled
bit 8 Unimplemented: Read as ‘1’
bit 7 CP: Code Protection bit(")
1 = OFF Program memory code protection is disabled
0 = ON Program memory code protection is enabled
bit 6 MCLRE: MCLR/VPP Pin Function Select bit
If LVP bit = 1:
This bit is ignored.
If LVP bit = 0:
1 = ON MCLR//PP pin function is MCLR; Weak pull-up enabled.
0 = OFF MCLR/VPP pin function is digital input; MCLR internally disabled; Weak pull-up under
control of WPUAS bit.
bit 5 PWRTE: Power-up Timer Enable bit
1 = OFF PWRT disabled
0 = ON PWRT enabled
bit 4-3 WDTE[1:0]: Watchdog Timer Enable bit

11 = ON WDT enabled

10 = NSLEEP WDT enabled while running and disabled in Sleep

01 = SWDTEN WDT controlled by the SWDTEN bit in the WDTCON register
00 = OFF WDT disabled
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REGISTER 4-1: CONFIG1: CONFIGURATION WORD 1 (CONTINUED)

bit 2-0 FOSC[2:0]: Oscillator Selection bits
111 = ECH External Clock, High-Power mode: CLKIN supplied to OSC1/CLKIN pin
110 = ECM External Clock, Medium Power mode: CLKIN supplied to OSC1/CLKIN pin
101 = ECL External Clock, Low-Power mode: CLKIN supplied to OSC1/CLKIN pin
100 = INTOSC Internal HFINTOSC. I/O function on CLKIN pin
011 = EXTRC External RC circuit connected to CLKIN pin
010 = HS High-speed crystal/resonator connected between OSC1 and OSC2 pins
001 = XT Crystal/resonator connected between OSC1 and OSC2 pins
000 = LP Low-power crystal connected between OSC1 and OSC2 pins

Note 1: The entire Flash program memory will be erased when the code protection is turned off during an erase.
When a Bulk Erase Program Memory command is executed, the entire program Flash memory and
configuration memory will be erased.
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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
e | 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 _ _ | — | — | Ppsiwar | 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 I/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 WRTI[1:0]: Flash Memory Self-Write Protection bits
4 kW Flash memory (PIC16(L)F1777)
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
8 kW Flash memory (PIC16(L)F1778/9)
11 = OFF Write protection off
10 = BOOT 0000h to 01FFh write protected, 0200h to 3FFFh may be modified by PMCON control
01 = HALF 0000h to 1FFFh write protected, 2000h to 3FFFh may be modified by PMCON control
00 = ALL 0000h to 3FFFh 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.
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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 Section4.4  “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 WRTI[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).

© 2015-2020 Microchip Technology Inc.
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4.6 Device ID and Revision ID

The 14-bit device ID word is located at 8006h and the
14-bit revision ID is located at 8005h. These locations
are read-only and cannot be erased or modified. See
Section 10.4 “User ID, Device ID and Configuration
Word Access” for more information on accessing

these memory locations.

Development tools, such as device programmers and
debuggers, may be used to read the Device ID and

Revision ID.

4.7 Register Definitions: Device and Revision

REGISTER 4-3: DEVID: DEVICE ID REGISTER

R R R R R R
DEV[13:8]
bit 13 bit 8
R R R R R R R R
DEV[7:0]
bit 7 bit 0
Legend:
R = Readable bit
‘1"’ = Bit is set ‘0’ = Bit is cleared
bit 13-0 DEV[13:0]: Device ID bits
Device DEVID[13:0] Values
PIC16F1777 11 0000 1000 1110 (308E)
PIC16F1778 11 0000 1000 1111 (308F)
PIC16F1779 11 0000 1001 0000 (3090)
PIC16LF1777 11 0000 1001 0001 (3091)
PIC16LF1778 11 0000 1001 0010 (3092)
PIC16LF1779 11 0000 1001 0011 (3093)
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REGISTER 4-4: REVID: REVISION ID REGISTER

R R R R R R
REV[13:8]
bit 13 bit 8
R R R R R R R R
REV[7:0]
bit 7 bit 0
Legend:
R = Readable bit
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 13-0 REV[13:0]: Revision ID bits
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5.0 OSCILLATOR MODULE (WITH
FAIL-SAFE CLOCK MONITOR)

5.1 Overview

The oscillator module has a wide variety of clock
sources and selection features that allow it to be used
in a wide range of applications while maximizing perfor-
mance and minimizing power consumption. Figure 5-1
illustrates a block diagram of the oscillator module.

Clock sources can be supplied from external oscillators,
quartz crystal resonators, ceramic resonators and
Resistor-Capacitor (RC) circuits. In addition, the system
clock source can be supplied from one of two internal
oscillators and PLL circuits, with a choice of speeds
selectable via software. Additional clock features
include:

» Selectable system clock source between external
or internal sources via software.

» Two-Speed Start-up mode, which minimizes
latency between external oscillator start-up and
code execution.

» Fail-Safe Clock Monitor (FSCM) designed to
detect a failure of the external clock source (LP,
XT, HS, ECH, ECM, ECL or EXTRC modes) and
switch automatically to the internal oscillator.

* Oscillator Start-up Timer (OST) ensures stability
of crystal oscillator sources.

The oscillator module can be configured in one of the
following clock modes.

1. ECL - External Clock Low-Power mode
(0 MHz to 0.5 MHz)

2. ECM - External Clock Medium Power mode
(0.5 MHz to 4 MHz)

3. ECH - External Clock High-Power mode
(4 MHz to 32 MHz)

4. LP - 32 kHz Low-Power Crystal mode.

5. XT-Medium Gain Crystal or Ceramic Resonator
Oscillator mode (up to 4 MHz)

6. HS — High Gain Crystal or Ceramic Resonator
mode (4 MHz to 20 MHz)

7. EXTRC - External Resistor-Capacitor
8. INTOSC - Internal oscillator (31 kHz to 32 MHz)

Clock Source modes are selected by the FOSC[2:0]
bits in the Configuration Words. The FOSC bits
determine the type of oscillator that will be used when
the device is first powered.

The ECH, ECM, and ECL clock modes rely on an
external logic level signal as the device clock source.
The LP, XT, and HS clock modes require an external
crystal or resonator to be connected to the device.
Each mode is optimized for a different frequency range.
The EXTRC clock mode requires an external resistor
and capacitor to set the oscillator frequency.

The INTOSC internal oscillator block produces low,
medium, and high-frequency clock sources,
designated LFINTOSC, MFINTOSC and HFINTOSC.
(see Internal Oscillator Block, Figure 5-1). A wide
selection of device clock frequencies may be derived
from these three clock sources.
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FIGURE 5-1: SIMPLIFIED PIC® MCU CLOCK SOURCE BLOCK DIAGRAM
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5.2 Clock Source Types

Clock sources can be classified as external or internal.

External clock sources rely on external circuitry for the
clock source to function. Examples are: oscillator
modules (ECH, ECM, ECL mode), quartz crystal reso-
nators or ceramic resonators (LP, XT and HS modes)
and Resistor-Capacitor (EXTRC) mode circuits.

Internal clock sources are contained within the
oscillator module. The internal oscillator block has two
internal oscillators and a dedicated Phase Lock Loop
(HFPLL) that are used to generate three internal
system clock sources: the 16 MHz High-Frequency
Internal Oscillator (HFINTOSC), 500 kHz (MFINTOSC)
and the 31 kHz Low-Frequency Internal Oscillator
(LFINTOSC).

The system clock can be selected between external or
internal clock sources via the System Clock Select
(SCS) bits in the OSCCON register. See Section 5.3
“Clock Switching” for additional information.

5.2.1 EXTERNAL CLOCK SOURCES

An external clock source can be used as the device
system clock by performing one of the following
actions:

» Program the FOSCJ[2:0] bits in the Configuration
Words to select an external clock source that will
be used as the default system clock upon a
device Reset.

* Write the SCS[1:0] bits in the OSCCON register to
switch the system clock source to:

- Secondary oscillator during run-time, or
- An external clock source determined by the
value of the FOSC bits.

See Section 5.3 “Clock Switching” for more informa-
tion.

5.2.1.1 EC Mode

The External Clock (EC) mode allows an externally
generated logic level signal to be the system clock
source. When operating in this mode, an external clock
source is connected to the OSC1 input.
OSC2/CLKOUT is available for general purpose 1/O or
CLKOUT. Figure 5-2 shows the pin connections for EC
mode.

EC mode has three power modes to select from through
Configuration Words:

» ECH - High power, 4-32 MHz

* ECM — Medium power, 0.5-4 MHz

* ECL - Low power, 0-0.5 MHz

The Oscillator Start-up Timer (OST) is disabled when
EC mode is selected. Therefore, there is no delay in
operation after a Power-on Reset (POR) or wake-up
from Sleep. Because the PIC® MCU design is fully
static, stopping the external clock input will have the
effect of halting the device while leaving all data intact.
Upon restarting the external clock, the device will
resume operation as if no time had elapsed.

FIGURE 5-2: EXTERNAL CLOCK (EC)
MODE OPERATION

Rev. 10-000045A
/3012013

Clock from
Ext. system 4>O—> OSC1/CLKIN

PIC® MCU
Fosc/4 or /10" «— osCc2/CLKOUT

Note 1:  Output depends upon the CLKOUTEN bit
of the Configuration Words.

5.21.2 LP, XT, HS Modes

The LP, XT and HS modes support the use of quartz
crystal resonators or ceramic resonators connected to
OSC1 and OSC2 (Figure 5-3). The three modes select
a low, medium or high gain setting of the internal
inverter-amplifier to support various resonator types
and speed.

LP Oscillator mode selects the lowest gain setting of the
internal inverter-amplifier. LP mode current consumption
is the least of the three modes. This mode is designed to
drive only 32.768 kHz tuning-fork type crystals (watch
crystals).

XT Oscillator mode selects the intermediate gain
setting of the internal inverter-amplifier. XT mode
current consumption is the medium of the three modes.
This mode is best suited to drive resonators with a
medium drive level specification.

HS Oscillator mode selects the highest gain setting of the
internal inverter-amplifier. HS mode current consumption
is the highest of the three modes. This mode is best
suited for resonators that require a high drive setting.

Figure 5-3 and Figure 5-4 show typical circuits for
quartz crystal and ceramic resonators, respectively.
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FIGURE 5-3: QUARTZ CRYSTAL
OPERATION (LP, XT OR
HS MODE)
PIC® MCU
} >
C1
=L Quartz
== Crystal
F=—VW\—=
c2 Rs™ OSC2/CLKOUT
Note 1: A series resistor (Rs) may be required for

quartz crystals with low drive level.

2: The value of RF varies with the Oscillator mode
selected (typically between 2 MQ and 10 MQ).

Note 1: Quartz crystal characteristics vary
according to type, package and
manufacturer. The user should consult the
manufacturer data sheets for specifications
and recommended application.

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

3: 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)

FIGURE 5-4: CERAMIC RESONATOR
OPERATION
(XT OR HS MODE)
Ceramic PIC® '!997777
Resonator OSCA/CLKIN | i

|
I To Internal}
! Logic |

OSC2/CLKOUT

Note 1: A series resistor (Rs) may be required for
ceramic resonators with low drive level.

2: The value of RF varies with the Oscillator mode
selected (typically between 2 MQ and 10 MQ).

3. An additional parallel feedback resistor (RP)
may be required for proper ceramic resonator
operation.

5213 Oscillator Start-up Timer (OST)

If the oscillator module is configured for LP, XT or HS
modes, the Oscillator Start-up Timer (OST) counts
1024 oscillations from OSC1. This occurs following a
Power-on Reset (POR) and when the Power-up Timer
(PWRT) has expired (if configured), or a wake-up from
Sleep. During this time, the program counter does not
increment and program execution is suspended,
unless either FSCM or Two-Speed Start-Up are
enabled. In this case, code will continue to execute at
the selected INTOSC frequency while the OST is
counting. The OST ensures that the oscillator circuit,
using a quartz crystal resonator or ceramic resonator,
has started and is providing a stable system clock to
the oscillator module.

In order to minimize latency between external oscillator
start-up and code execution, the Two-Speed Clock
Start-up mode can be selected (see Section 5.4
“Two-Speed Clock Start-up Mode”).
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521.4 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.

5.21.5 Secondary Oscillator

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.

FIGURE 5-5: QUARTZ CRYSTAL
OPERATION
(SECONDARY
OSCILLATOR)
PIC® MCU
| soscl |~ i
: > ! \
C1 i To Internal}
|32.768 kHz L _Logic |
1 Quartz
= Crystal
‘ -
o SOsCo

Note 1:

Quartz  crystal characteristics  vary
according to type, package and
manufacturer. The user should consult the
manufacturer data sheets for specifications
and recommended application.

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)
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5.2.1.6 External RC Mode

The external Resistor-Capacitor (EXTRC) mode sup-
ports the use of an external RC circuit. This allows the
designer maximum flexibility in frequency choice while
keeping costs to a minimum when clock accuracy is not
required.

The RC circuit connects to OSC1. OSC2/CLKOUT is
available for general purpose /O or CLKOUT. The
function of the OSC2/CLKOUT pin is determined by the
CLKOUTEN bit in Configuration Words.

Figure 5-6 shows the external RC mode connections.

FIGURE 5-6: EXTERNAL RC MODES

Rev. 10-000062A
713112013

PIC® MCU
REXT

OSC1/CLKIN > Internal
CEXT j }ﬁ" clock

Vss

FOSC/4 < OSC2/CLKOUT
or /0™

Recommended values: 10 kQ < REXT < 100 kQ, <3V
3 kQ < REXT <100 kQ, 3-5V
CEXT > 20 pF, 2-5V

Note 1: Output depends upon the CLKOUTEN bit of the
Configuration Words.

The RC oscillator frequency is a function of the supply
voltage, the resistor (REXT) and capacitor (CEXT) values
and the operating temperature. Other factors affecting
the oscillator frequency are:

« threshold voltage variation
* component tolerances
» packaging variations in capacitance

The user also needs to take into account variation due
to tolerance of external RC components used.

5.2.2 INTERNAL CLOCK SOURCES

The device may be configured to use the internal
oscillator block as the system clock by performing one
of the following actions:

* Program the FOSC[2:0] bits in Configuration
Words to select the INTOSC clock source, which
will be used as the default system clock upon a
device Reset.

» Write the SCS[1:0] bits in the OSCCON register to
switch the system clock source to the internal
oscillator during run-time. See Section 5.3
“Clock Switching” for more information.

In INTOSC mode, OSC1/CLKIN is available for general
purpose /0. OSC2/CLKOUT is available for general
purpose I/O or CLKOUT.

The function of the OSC2/CLKOUT pin is determined
by the CLKOUTEN bit in Configuration Words.

The internal oscillator block has two independent
oscillators and a dedicated Phase Lock Loop, HFPLL,
that can produce one of three internal system clock
sources.

1. The HFINTOSC (High-Frequency Internal
Oscillator) is factory calibrated and operates at
16 MHz. The HFINTOSC source is generated
from the 500 kHz MFINTOSC source and the
dedicated Phase Lock Loop, HFPLL. The
frequency of the HFINTOSC can be
user-adjusted via software using the OSCTUNE
register (Register 5-3).

2. The MFINTOSC (Medium-Frequency Internal
Oscillator) is factory calibrated and operates at
500 kHz. The frequency of the MFINTOSC can
be user-adjusted via software using the
OSCTUNE register (Register 5-3).

3. The LFINTOSC (Low-Frequency Internal
Oscillator) is uncalibrated and operates at
31 kHz.

© 2015-2020 Microchip Technology Inc.
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5.2.2.1 HFINTOSC

The High-Frequency Internal Oscillator (HFINTOSC) is
a factory calibrated 16 MHz internal clock source. The
frequency of the HFINTOSC can be altered via
software using the OSCTUNE register (Register 5-3).

The output of the HFINTOSC connects to a postscaler
and multiplexer (see Figure 5-1). One of multiple
frequencies derived from the HFINTOSC can be
selected via software using the IRCF[3:0] bits of the
OSCCON register. See Section 5.2.2.7 “Internal
Oscillator Clock Switch Timing” for more information.

The HFINTOSC is enabled by:

» Configure the IRCF[3:0] bits of the OSCCON reg-
ister for the desired HF frequency, and

* FOSC[2:0] =100, or
» Set the System Clock Source (SCS) bits of the
OSCCON register to ‘1x’.

Afast start-up oscillator allows internal circuits to power
up and stabilize before switching to HFINTOSC.

The High-Frequency Internal Oscillator Ready bit
(HFIOFR) of the OSCSTAT register indicates when the
HFINTOSC is running.

The High-Frequency Internal Oscillator Status Locked
bit (HFIOFL) of the OSCSTAT register indicates when
the HFINTOSC is running within 2% of its final value.

The High-Frequency Internal Oscillator Stable bit
(HFIOFS) of the OSCSTAT register indicates when the
HFINTOSC is running within 0.5% of its final value.

5222 MFINTOSC

The Medium-Frequency Internal Oscillator
(MFINTOSC) is a factory calibrated 500 kHz internal
clock source. The frequency of the MFINTOSC can be
altered via software using the OSCTUNE register
(Register 5-3).

The output of the MFINTOSC connects to a postscaler
and multiplexer (see Figure 5-1). One of nine
frequencies derived from the MFINTOSC can be
selected via software using the IRCF[3:0] bits of the
OSCCON register. See Section 5.2.2.7 “Internal
Oscillator Clock Switch Timing” for more information.

The MFINTOSC is enabled by:

» Configure the IRCF[3:0] bits of the OSCCON reg-
ister for the desired HF frequency, and

* FOSC[2:0] =100, or

» Set the System Clock Source (SCS) bits of the
OSCCON register to ‘1x’.

The Medium-Frequency Internal Oscillator Ready bit
(MFIOFR) of the OSCSTAT register indicates when the
MFINTOSC is running.

5223 Internal Oscillator Frequency
Adjustment

The 500 kHz internal oscillator is factory calibrated.
This internal oscillator can be adjusted in software by
writing to the OSCTUNE register (Register 5-3). Since
the HFINTOSC and MFINTOSC clock sources are
derived from the 500 kHz internal oscillator, a change
in the OSCTUNE register value will apply to both.

The default value of the OSCTUNE register is ‘0’. The
value is a 6-bit two’s complement number. A value of
1Fh will provide an adjustment to the maximum
frequency. A value of 20h will provide an adjustment to
the minimum frequency.

When the OSCTUNE register is modified, the oscillator
frequency will begin shifting to the new frequency. Code
execution continues during this shift. There is no
indication that the shift has occurred.

OSCTUNE does not affect the LFINTOSC frequency.
Operation of features that depend on the LFINTOSC
clock source frequency, such as the Power-up Timer
(PWRT), Watchdog Timer (WDT), Fail-Safe Clock
Monitor (FSCM) and peripherals, are not affected by the
change in frequency.

5224 LFINTOSC

The Low-Frequency Internal Oscillator (LFINTOSC) is
an uncalibrated 31 kHz internal clock source.

The output of the LFINTOSC connects to a multiplexer
(see Figure 5-1). Select 31 kHz, via software, using the
IRCF[3:0] bits of the OSCCON register. See
Section 5.2.2.7 “Internal Oscillator Clock Switch
Timing” for more information. The LFINTOSC is also
the frequency for the Power-up Timer (PWRT),
Watchdog Timer (WDT) and Fail-Safe Clock Monitor
(FSCM).

The LFINTOSC is enabled by selecting 31 kHz
(IRCF[3:0] bits of the OSCCON register = 000) as the
system clock source (SCS bits of the OSCCON
register= 1x), or when any of the following are
enabled:

» Configure the IRCF[3:0] bits of the OSCCON reg-
ister for the desired LF frequency, and

* FOSC[2:0] =100, or

» Set the System Clock Source (SCS) bits of the
OSCCON register to ‘1x’.

Peripherals that use the LFINTOSC are:

* Power-up Timer (PWRT)

» Watchdog Timer (WDT)

 Fail-Safe Clock Monitor (FSCM)

The Low-Frequency Internal Oscillator Ready bit

(LFIOFR) of the OSCSTAT register indicates when the
LFINTOSC is running.
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5225 Internal Oscillator Frequency
Selection
The system clock speed can be selected via software

using the Internal Oscillator Frequency Select bits
IRCF[3:0] of the OSCCON register.

The postscaled output of the 16 MHz HFINTOSC,
500 kHz MFINTOSC, and 31 kHz LFINTOSC connect
to a multiplexer (see Figure 5-1). The Internal Oscillator
Frequency Select bits IRCF[3:0] of the OSCCON
register select the frequency output of the internal
oscillators. One of the following frequencies can be
selected via software:

- 32 MHz (requires 4x PLL)

- 16 MHz

- 8 MHz

- 4 MHz

- 2MHz

- 1 MHz

- 500 kHz (default after Reset)

- 250 kHz

- 125 kHz

- 62.5kHz

- 31.25kHz

- 31 kHz (LFINTOSC)

5.2.2.6 32 MHz Internal Oscillator
Frequency Selection

The Internal Oscillator Block can be used with the
4x PLL associated with the External Oscillator Block to
produce a 32 MHz internal system clock source. The
following settings are required to use the 32 MHz
internal clock source:

» The FOSC bits in Configuration Words must be
set to use the INTOSC source as the device
system clock (FOSC[2:0] = 100).

* The SCS bits in the OSCCON register must be
cleared to use the clock determined by FOSC[2:0]
in Configuration Words (SCS[1:0] = 00).

* The IRCF bits in the OSCCON register must be
set to the 8 MHz HFINTOSC set to use
(IRCF[3:0] = 1110).

» The SPLLEN bit in the OSCCON register must be
set to enable the 4x PLL, or the PLLEN bit of the
Configuration Words must be programmed to a
1%

Note: When using the PLLEN bit of the
Configuration Words, the 4x PLL cannot
be disabled by software and the SPLLEN

option will not be available.

Note: Following any Reset, the IRCF[3:0] bits of
the OSCCON register are set to ‘0111’
and the frequency selection is set to
500 kHz. The user can modify the IRCF

bits to select a different frequency.

The IRCF[3:0] bits of the OSCCON register allow dupli-
cate selections for some frequencies. These duplicate
choices can offer system design trade-offs. Lower
power consumption can be obtained when changing
oscillator sources for a given frequency. Faster transi-
tion times can be obtained between frequency changes
that use the same oscillator source.

The 4x PLL is not available for use with the internal
oscillator when the SCS bits of the OSCCON register
are set to ‘1x’. The SCS bits must be set to ‘00’ to use
the 4x PLL with the internal oscillator.
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5.2.2.7 Internal Oscillator Clock Switch
Timing

When switching between the HFINTOSC, MFINTOSC

and the LFINTOSC, the new oscillator may already be

shut down to save power (see Figure 5-7). If this is the
case, there is a delay after the IRCF[3:0] bits of the

OSCCON register are modified before the frequency

selection takes place. The OSCSTAT register will

reflect the current active status of the HFINTOSC,

MFINTOSC and LFINTOSC oscillators. The sequence

of a frequency selection is as follows:

1. IRCF[3:0] bits of the OSCCON register are mod-
ified.

2. If the new clock is shut down, a clock start-up
delay is started.

3. Clock switch circuitry waits for a falling edge of
the current clock.

4. The current clock is held low and the clock
switch circuitry waits for a rising edge in the new
clock.

5. The new clock is now active.

6. The OSCSTAT register is updated as required.

7. Clock switch is complete.

See Figure 5-7 for more details.

If the internal oscillator speed is switched between two
clocks of the same source, there is no start-up delay
before the new frequency is selected. Clock switching
time delays are shown in Table 5-1.

Start-up delay specifications are located in the
oscillator tables of Section 36.0 “Electrical
Specifications”.
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FIGURE 5-7: INTERNAL OSCILLATOR SWITCH TIMING

HFINTOSC/— LFINTOSC (FSCM and WDT disabled)
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5.3 Clock Switching

The system clock source can be switched between
external and internal clock sources via software using
the System Clock Select (SCS) bits of the OSCCON
register. The following clock sources can be selected
using the SCS bits:

» Default system oscillator determined by FOSC
bits in Configuration Words

» Timer1 32 kHz crystal oscillator

« Internal Oscillator Block (INTOSC)

5.3.1 SYSTEM CLOCK SELECT (SCS)
BITS

The System Clock Select (SCS) bits of the OSCCON
register select the system clock source that is used for
the CPU and peripherals.

* When the SCS bits of the OSCCON register = 00,
the system clock source is determined by the
value of the FOSCJ[2:0] bits in the Configuration
Words.

* When the SCS bits of the OSCCON register = 01,
the system clock source is the secondary oscillator.

* When the SCS bits of the OSCCON register = 1x,
the system clock source is chosen by the internal
oscillator frequency selected by the IRCF[3:0] bits
of the OSCCON register. After a Reset, the SCS
bits of the OSCCON register are always cleared.

Note:  Any automatic clock switch, which may
occur from Two-Speed Start-up or
Fail-Safe Clock Monitor, does not update
the SCS bits of the OSCCON register. The
user can monitor the OSTS bit of the
OSCSTAT register to determine the current

system clock source.

When switching between clock sources, a delay is
required to allow the new clock to stabilize. These
oscillator delays are shown in Table 5-1.

532  OSCILLATOR START-UP TIMER
STATUS (OSTS) BIT

The Oscillator Start-up Timer Status (OSTS) bit of the
OSCSTAT register indicates whether the system clock
is running from the external clock source, as defined by
the FOSC[2:0] bits in the Configuration Words, or from
the internal clock source. In particular, OSTS indicates
that the Oscillator Start-up Timer (OST) has timed out
for LP, XT or HS modes. The OST does not reflect the
status of the secondary oscillator.

5.3.3 SECONDARY OSCILLATOR

The secondary oscillator is a separate crystal oscillator
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 is enabled using the OSCEN
control bit in the T1CON register. See Section 22.0
“Timer1/3/5 Module with Gate Control” for more
information about the Timer1 peripheral.

534  SECONDARY OSCILLATOR READY
(SOSCR) BIT

The user must ensure that the secondary oscillator is
ready to be used before it is selected as a system clock
source. The Secondary Oscillator Ready (SOSCR) bit
of the OSCSTAT register indicates whether the
secondary oscillator is ready to be used. After the
SOSCR bit is set, the SCS bits can be configured to
select the secondary oscillator.

5.3.5 CLOCK SWITCH BEFORE SLEEP

When a clock switch from an old clock to a new clock is
requested just prior to entering Sleep mode, it is
necessary to confirm that the switch is complete before
the sleep instruction is executed. Failure to do so may
result in an incomplete switch and consequential loss
of the system clock altogether. Clock switching is
confirmed by monitoring the clock status bits in the
OSCSTAT register. Switch confirmation can be
accomplished by sensing that the ready bit for the new
clock is set or the ready bit for the old clock is cleared.
For example, when switching between the internal
oscillator with the PLL and the internal oscillator without
the PLL, monitor the PLLR bit. When PLLR is set, the
switch to 32 MHz operation is complete. Conversely,
when PLLR is cleared the switch from 32 MHz
operation to the selected internal clock is complete.
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5.4 Two-Speed Clock Start-up Mode

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

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

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

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

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

5.4.1 TWO-SPEED START-UP MODE
CONFIGURATION

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

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

* SCS (of the OSCCON register) = 00.

» FOSC[2:0] bits in the Configuration Words
configured for LP, XT or HS mode.

Two-Speed Start-up mode is entered after:

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

* Wake-up from Sleep.

remain clear.
TABLE 5-1: OSCILLATOR SWITCHING DELAYS
Switch From Switch To Frequency Oscillator Delay
LFINTOSC( 31 kHz

Sleep MFINTOSC() 31.25 kHz-500 kHz Oscillator Warm-up Delay (Twarm)(2)
HFINTOSC() 31.25 kHz-16 MHz

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

LFINTOSC EC, RC(!) DC - 32 MHz 1 cycle of each

Sleep/POR f;cg’('}dﬂéﬁfc”'amr 32 kHz-20 MHz 1024 Clock Cycles (OST)

Any clock source

MFINTOSC(")
HFINTOSC()

31.25 kHz-500 kHz
31.25 kHz-16 MHz

2 ps (approx.)

Any clock source

LFINTOSC(™

31 kHz

1 cycle of each

Any clock source

Secondary Oscillator

32 kHz

1024 Clock Cycles (OST)

PLL inactive

PLL active

16-32 MHz

2 ms (approx.)

Note 1: PLL inactive.

2: See Section 36.0 “Electrical Specifications”.
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5.4.2 TWO-SPEED START-UP

SEQUENCE

1.  Wake-up from Power-on Reset or Sleep.

2. Instructions begin execution by the internal
oscillator at the frequency set in the IRCF[3:0]
bits of the OSCCON register.

3. OST enabled to count 1024 clock cycles.

4. OST timed out, wait for falling edge of the
internal oscillator.

5. OSTS s set.

6. System clock held low until the next falling edge
of new clock (LP, XT or HS mode).

7. System clock is switched to external clock
source.

FIGURE 5-8: TWO-SPEED START-UP

5.4.3 CHECKING TWO-SPEED CLOCK

STATUS

Checking the state of the OSTS bit of the OSCSTAT
register will confirm if the microcontroller is running
from the external clock source, as defined by the
FOSCJ2:0] bits in the Configuration Words, or the
internal oscillator.

wTosc M/ AR /M

Program Counter |

< TosT d
osct < o X 1 (1022X 1023 / /
osc2 X)) :
PC-N (¢ PC X PC +1 X__

System Clock  \_/ \_AN_/\_/\__/
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5.5 Fail-Safe Clock Monitor

The Fail-Safe Clock Monitor (FSCM) allows the device
to continue operating should the external oscillator fail.
The FSCM can detect oscillator failure any time after
the Oscillator Start-up Timer (OST) has expired. The
FSCM is enabled by setting the FCMEN bit in the
Configuration Words. The FSCM is applicable to all
external Oscillator modes (LP, XT, HS, EC, Secondary
Oscillator and RC).

FIGURE 5-9: FSCM BLOCK DIAGRAM
Clock Monitor
Ext | Latch
xterna
Clock ¥ = stoa
r— — — — — — — 1
| |LFINTOSC )
| Oscillator - 64
| 31kHz 488 Hz
| (~32 ps) (~2 ms)
| Sample Clock | Clock
Lo i ;
Failure
Detected

5.5.1 FAIL-SAFE DETECTION

The FSCM module detects a failed oscillator by
comparing the external oscillator to the FSCM sample
clock. The sample clock is generated by dividing the
LFINTOSC by 64. See Figure 5-9. Inside the fail
detector block is a latch. The external clock sets the
latch on each falling edge of the external clock. The
sample clock clears the latch on each rising edge of the
sample clock. A failure is detected when an entire
half-cycle of the sample clock elapses before the
external clock goes low.

5.5.2 FAIL-SAFE OPERATION

When the external clock fails, the FSCM switches the
device clock to an internal clock source and sets the bit
flag OSFIF of the PIR2 register. Setting this flag will
generate an interrupt if the OSFIE bit of the PIE2
register is also set. The device firmware can then take
steps to mitigate the problems that may arise from a
failed clock. The system clock will continue to be
sourced from the internal clock source until the device
firmware successfully restarts the external oscillator
and switches back to external operation.

The internal clock source chosen by the FSCM is
determined by the IRCF[3:0] bits of the OSCCON
register. This allows the internal oscillator to be
configured before a failure occurs.

5.5.3 FAIL-SAFE CONDITION CLEARING

The Fail-Safe condition is cleared after a Reset,
executing a SLEEP instruction or changing the SCS bits
of the OSCCON register. When the SCS bits are
changed, the OST is restarted. While the OST is
running, the device continues to operate from the
INTOSC selected in OSCCON. When the OST times
out, the Fail-Safe condition is cleared after successfully
switching to the external clock source. The OSFIF bit
should be cleared prior to switching to the external
clock source. If the Fail-Safe condition still exists, the
OSFIF flag will again become set by hardware.

5.5.4 RESET OR WAKE-UP FROM SLEEP

The FSCM is designed to detect an oscillator failure
after the Oscillator Start-up Timer (OST) has expired.
The OST is used after waking up from Sleep and after
any type of Reset. The OST is not used with the EC or
RC Clock modes so that the FSCM will be active as
soon as the Reset or wake-up has completed. When
the FSCM is enabled, the Two-Speed Start-up is also
enabled. Therefore, the device will always be executing
code while the OST is operating.

Note: Due to the wide range of oscillator start-up
times, the Fail-Safe circuit is not active
during oscillator start-up (i.e., after exiting
Reset or Sleep). After an appropriate
amount of time, the user should check the
Status bits in the OSCSTAT register to
verify the oscillator start-up and that the
system clock switchover has successfully

completed.
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FIGURE 5-10: FSCM TIMING DIAGRAM

Sample Clock

System : Oscillator

Clock Failure

E s

Output . )
Clock Monitor Output ‘ I I
@ L1

! Failure '
) Detected ’;—

OSCFIF ' : :
‘ Test ' Test ' Test
Note: The system clock is normally at a much higher frequency than the sample clock. The relative frequencies in

this example have been chosen for clarity.
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5.6 Register Definitions: Oscillator Control

REGISTER 5-1:  OSCCON: OSCILLATOR CONTROL REGISTER

R/W-0/0 R/W-0/0 R/W-1/1 R/W-1/1 R/W-1/1 uU-0 R/W-0/0 R/W-0/0
SPLLEN IRCF[3:0] = SCS[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 SPLLEN: Software PLL Enable bit
If PLLEN in Configuration Words = 1:
SPLLEN bit is ignored. 4x PLL is always enabled (subject to oscillator requirements)
If PLLEN in Configuration Words = 0:
1 = 4x PLL Is enabled
0 = 4x PLL is disabled
bit 6-3 IRCF[3:0]: Internal Oscillator Frequency Select bits
1111 = 16 MHz HF
1110 = 8 MHz or 32 MHz HF(®
1101 = 4 MHz HF
1100= 2 MHz HF
1011 = 1 MHzHF
1010 = 500 kHz HF("
1001 = 250 kHz HF(1)
1000 = 125 kHz HF(1)
0111 = 500 kHz MF (default upon Reset)
0110 = 250 kHz MF
0101 = 125 kHz MF
0100 = 62.5 kHz MF
0011 = 31.25 kHz HF(")
0010 = 31.25 kHz MF
000x = 31kHzLF
bit 2 Unimplemented: Read as ‘0’
bit 1-0 SCS[1:0]: System Clock Select bits

1x = Internal oscillator block
01 = Secondary oscillator
00 = Clock determined by FOSC[2:0] in Configuration Words

Note 1: Duplicate frequency derived from HFINTOSC.

2: 32 MHz when SPLLEN bit is set. Refer to Section 5.2.2.6 “32 MHz Internal Oscillator Frequency
Selection”.
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REGISTER 5-2: OSCSTAT: OSCILLATOR STATUS REGISTER

R-1/q R-0/q R-q/q R-0/q R-0/q R-q/q R-0/0 R-0/q
SOSCR PLLR OSTS HFIOFR HFIOFL MFIOFR LFIOFR HFIOFS
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 g = Conditional
bit 7 SOSCR: Secondary Oscillator Ready bit
If TTIOSCEN = 1:

1 = Secondary oscillator is ready

0 = Secondary oscillator is not ready

If TTIOSCEN = 0:

1 = Secondary clock source is always ready

bit 6 PLLR 4x PLL Ready bit
1= 4xPLL is ready
0 = 4xPLL is not ready
bit 5 OSTS: Oscillator Start-up Timer Status bit
1 = Running from the clock defined by the FOSC[2:0] bits of the Configuration Words
0 = Running from an internal oscillator (FOSC[2:0] = 100)
bit 4 HFIOFR: High-Frequency Internal Oscillator Ready bit
1 = HFINTOSC is ready
0 = HFINTOSC is not ready
bit 3 HFIOFL: High-Frequency Internal Oscillator Locked bit
1 = HFINTOSC is at least 2% accurate
0 = HFINTOSC is not 2% accurate
bit 2 MFIOFR: Medium-Frequency Internal Oscillator Ready bit
1 = MFINTOSC is ready
0 = MFINTOSC is not ready
bit 1 LFIOFR: Low-Frequency Internal Oscillator Ready bit
1 = LFINTOSC is ready
0 = LFINTOSC is not ready
bit 0 HFIOFS: High-Frequency Internal Oscillator Stable bit

1 = HFINTOSC is at least 0.5% accurate
0 = HFINTOSC is not 0.5% accurate
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REGISTER 5-3: OSCTUNE: OSCILLATOR TUNING REGISTER

uU-0 u-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
— — TUNI5:0]
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 Unimplemented: Read as ‘0’
bit 5-0 TUN[5:0]: Frequency Tuning bits

100000 = Minimum frequency

111111 =
000000 = Oscillator module is running at the factory-calibrated frequency
000001 =

011110 =
011111 = Maximum frequency

TABLE 5-2: SUMMARY OF REGISTERS ASSOCIATED WITH CLOCK SOURCES

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | Register
on Page
OSCCON SPLLEN IRCF[3:0] — SCS[1:0] 117
OSCSTAT SOSCR PLLR OSTS HFIOFR HFIOFL MFIOFR LFIOFR HFIOFS 118
OSCTUNE — — TUNI[5:0] 119
PIR2 OSFIF C2IF C1IF COG1IF BCL1IF C4IF C3IF CCP2IF 141
PIE2 OSFIE C2IE C1IE COG1IE BCL1IE C4IE C3IE CCP2IE 135
T1CON CS[1:0] CKPSJ[1:0] OSCEN SYNC — ON 284
Legend: — =unimplemented location, read as ‘0’. Shaded cells are not used by clock sources.
TABLE 5-3: SUMMARY OF CONFIGURATION WORD WITH CLOCK SOURCES
Name |Bits| Bit-7 | Bit-6 | Bit135 | Bit12/4 | Bit11/3 | Bit10/2 | Bitod | Bitso | cdister
on Page
13:8 — — FCMEN IESO CLKOUTEN BOREN][1:0] —
CONFIG1 — — 96
7:0 CP MCLRE PWRTE WDTE[1:0] FOSCI2:0]
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used by clock sources.
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6.0 RESETS A simplified block diagram of the On-Chip Reset Circuit
is shown in Figure 6-1.
There are multiple ways to reset this device:

* Power-on Reset (POR)

* Brown-out Reset (BOR)

* Low-Power Brown-out Reset (LPBOR)

+ MCLR Reset

* WDT Reset

e RESET instruction

» Stack Overflow

« Stack Underflow

» Programming mode exit

To allow VDD to stabilize, an optional Power-up Timer

can be enabled to extend the Reset time after a BOR
or POR event.

FIGURE 6-1: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT

Rev. 10-000006A
8/14/2013

ICSP™ Programming Mode Exit

RESET Instruction

Stack Underflow
Stack Overlfow

X—

MCLRE —

i ——

VPP/MCLR

WDT
Time-out

E Power-on
Reset

VDD

Device

Z Reset

Brown-out

R
Power-u
Reset P

— Timer
LFINTOSC — [
PWRTE

LPBOR
Reset

Note 1: See Table 6.2.1 for BOR active conditions.
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6.1 Power-On Reset (POR)

The POR circuit holds the device in Reset until VDD has
reached an acceptable level for minimum operation.
Slow rising VDD, fast operating speeds or analog
performance may require greater than minimum VDD.
The PWRT, BOR or MCLR features can be used to
extend the start-up period until all device operation
conditions have been met.

6.1.1 POWER-UP TIMER (PWRT)

The Power-up Timer provides a nominal 64 ms
time-out on POR or Brown-out Reset.

The device is held in Reset as long as PWRT is active.
The PWRT delay allows additional time for the VDD to
rise to an acceptable level. The Power-up Timer is
enabled by clearing the PWRTE bit in Configuration
Words.

The Power-up Timer starts after the release of the POR
and BOR.

For additional information, refer to Application Note
ANG607, “Power-up Trouble Shooting” (DS00607).

6.2 Brown-Out Reset (BOR)

The BOR circuit holds the device in Reset when VDD
reaches a selectable minimum level. Between the
POR and BOR, complete voltage range coverage for
execution protection can be implemented.

The Brown-out Reset module has four operating
modes controlled by the BOREN[1:0] bits in Configura-
tion Words. The four operating modes are:

* BORis always on

* BOR is off when in Sleep

» BORis controlled by software

* BOR is always off

Refer to Table 6.2.1 for more information.

The Brown-out Reset voltage level is selectable by
configuring the BORV bit in Configuration Words.

A VDD noise rejection filter prevents the BOR from
triggering on small events. If VDD falls below VBOR for
a duration greater than parameter TBORDC, the device
will reset. See Figure 6-2 for more information.

6.2.1 BOR IS ALWAYS ON

When the BOREN bits of Configuration Words are
programmed to ‘11’, the BOR is always on. The device
start-up will be delayed until the BOR is ready and VDD
is higher than the BOR threshold.

BOR protection is active during Sleep. The BOR does
not delay wake-up from Sleep.

6.2.2 BOR IS OFF IN SLEEP

When the BOREN bits of Configuration Words are
programmed to ‘10’, the BOR is on, except in Sleep.
The device start-up will be delayed until the BOR is
ready and VDD is higher than the BOR threshold.

BOR protection is not active during Sleep. The device
wake-up will be delayed until the BOR is ready.

6.2.3 BOR CONTROLLED BY SOFTWARE

When the BOREN bits of Configuration Words are
programmed to ‘01’, the BOR is controlled by the
SBOREN bit of the BORCON register. The device
start-up is not delayed by the BOR ready condition or
the VDD level.

BOR protection begins as soon as the BOR circuit is
ready. The status of the BOR circuit is reflected in the
BORRDY bit of the BORCON register.

BOR protection is unchanged by Sleep.

TABLE 6-1: BOR OPERATING MODES
. . Instruction Execution upon:
BORENI[1:0] SBOREN Device Mode BOR Mode Release of POR or Wake-up from Sleep
11 X X Active Waits for BOR ready(") (BORRDY = 1)
Awake Active
10 X Waits for BOR ready (BORRDY = 1)
Sleep Disabled
1 X Active Waits for BOR ready(") (BORRDY = 1)
01
0 X Disabled
Begins immediately (BORRDY = x)
00 X X Disabled

Note 1: In these specific cases, “Release of POR” and “Wake-up from Sleep”, there is no delay in start-up. The BOR
ready flag, (BORRDY = 1), will be set before the CPU is ready to execute instructions because the BOR

circuit is forced on by the BOREN[1:0] bits.

© 2015-2020 Microchip Technology Inc.
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FIGURE 6-2: BROWN-OUT SITUATIONS
VDD
-—_—_——-—_——--\_/ ————————————————— VBOR
)
Internal
Reset " Tpwrr(
VDD
.____________W _____________ VBOR
M)
Internal [ <TPWwRTe———>
Reset Tewrt(!
VDD
_____ \_____________7/_____________- VBOR
) :
Internal L
Reset " Tpwrt{"
Note 1: TPWRT delay only if PWRTE bit is programmed to ‘0’.

6.3 Register Definitions: BOR Control

REGISTER 6-1: BORCON: BROWN-OUT RESET CONTROL REGISTER

R/W-1/u R/W-0/u U-0 U-0 U-0 U-0 U-0 R-qg/u
SBOREN BORFs(!) — — — — — BORRDY
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 g = Value depends on condition

bit 7 SBOREN: Software Brown-out Reset Enable bit

If BOREN [1:0] in Configuration Words = 01:
SBOREN is read/write, but has no effect on the BOR.
If BOREN [1:0] in Configuration Words = 01:
1 = BOR Enabled
0 = BOR Disabled
bit 6 BORFS: Brown-out Reset Fast Start bit(!)
If BOREN[1:0] = 11 (Always on) or BOREN[1:0] = 00 (Always off)
BOREFS is Read/Write, but has no effect.
If BOREN [1:0] = 10 (Disabled in Sleep) or BOREN[1:0] = 01 (Under software control):
1 = Band gap is forced on always (covers sleep/wake-up/operating cases)
0 = Band gap operates normally, and may turn off

bit 5-1 Unimplemented: Read as ‘0’
bit 0 BORRDY: Brown-out Reset Circuit Ready Status bit

1 = The Brown-out Reset circuit is active
0 = The Brown-out Reset circuit is inactive

Note 1: BORENJ1:0] bits are located in Configuration Words.
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6.4 Low-Power Brown-Out Reset
(LPBOR)

The Low-Power Brown-out Reset (LPBOR) is an
essential part of the Reset subsystem. Refer to
Figure 6-1 to see how the BOR interacts with other
modules.

The LPBOR is used to monitor the external VDD pin.
When too low of a voltage is detected, the device is
held in Reset. When this occurs, a register bit (BOR) is
changed to indicate that a BOR Reset has occurred.
The same bit is set for both the BOR and the LPBOR.
Refer to Register 6-2.

6.4.1 ENABLING LPBOR

The LPBOR is controlled by the LPBOR bit of
Configuration Words. When the device is erased, the
LPBOR module defaults to disabled.

6.4.1.1 LPBOR Module Output

The output of the LPBOR module is a signal indicating
whether or not a Reset is to be asserted. This signal is
OR'd together with the Reset signal of the BOR
module to provide the generic BOR signal, which goes
to the PCON register and to the power control block.

6.5 MCLR

The MCLR is an optional external input that can reset
the device. The MCLR function is controlled by the
MCLRE bit of Configuration Words and the LVP bit of
Configuration Words (Table 6-2).

TABLE 6-2: MCLR CONFIGURATION
MCLRE LVP MCLR
x 1 Enabled
Enabled
0 0 Disabled

6.5.1 MCLR ENABLED

When MCLR is enabled and the pin is held low, the
device is held in Reset. The MCLR pin is connected to
VDD through an internal weak pull-up.

The device has a noise filter in the MCLR Reset path.
The filter will detect and ignore small pulses.

Note: A Reset does not drive the MCLR pin low. I

6.5.2 MCLR DISABLED

When MCLR is disabled, the pin functions as a general
purpose input and the internal weak pull-up is under
software control. See Section 11.1 “PORTA Regis-
ters” for more information.

6.6 Watchdog Timer (WDT) Reset

The Watchdog Timer generates a Reset if the firmware
does not issue a CLRWDT instruction within the time-out
period. The TO and PD bits in the STATUS register are
changed to indicate the WDT Reset. See Section 9.0
“Watchdog Timer (WDT)” for more information.

6.7 RESET Instruction

A RESET instruction will cause a device Reset. The RI
bit in the PCON register will be set to ‘0’. See Table 6-4
for default conditions after a RESET instruction has
occurred.

6.8 Stack Overflow/Underflow Reset

The device can reset when the Stack Overflows or
Underflows. The STKOVF or STKUNF bits of the PCON
register indicate the Reset condition. These Resets are
enabled by setting the STVREN bit in Configuration
Words. See Section3.6.2 “Overflow/Underflow
Reset” for more information.

6.9 Programming Mode EXxit

Upon exit of Programming mode, the device will
behave as if a POR had just occurred.

6.10 Power-Up Timer

The Power-up Timer optionally delays device execution
after a BOR or POR event. This timer is typically used to
allow VDD to stabilize before allowing the device to start
running.

The Power-up Timer is controlled by the PWRTE bit of
Configuration Words.

6.11 Start-up Sequence

Upon the release of a POR or BOR, the following must
occur before the device will begin executing:

1. Power-up Timer runs to completion (if enabled).

2. Oscillator start-up timer runs to completion (if
required for oscillator source).

3. MCLR must be released (if enabled).

The total time-out will vary based on oscillator configu-
ration and Power-up Timer configuration. See
Section 5.0 “Oscillator Module (with Fail-Safe
Clock Monitor)” for more information.

The Power-up Timer and oscillator start-up timer run
independently of MCLR Reset. If MCLR is kept low
long enough, the Power-up Timer and oscillator
start-up timer will expire. Upon bringing MCLR high, the
device will begin execution after 10 FOSC cycles (see
Figure 6-3). This is useful for testing purposes or to
synchronize more than one device operating in parallel.
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FIGURE 6-3:

RESET START-UP SEQUENCE
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6.12 Determining the Cause of a Reset

Upon any Reset, multiple bits in the STATUS and
PCON registers are updated to indicate the cause of
the Reset. Table 6-3 and Table 6-4 show the Reset
conditions of these registers.

TABLE 6-3: RESET STATUS BITS AND THEIR SIGNIFICANCE
STKOVF | STKUNF | RWDT [ RMCLR | RI | POR | BOR | TO | PD Condition
0 0 1 1 1 0 x 1 1 | Power-on Reset
0 0 1 1 1 0 x 0 x |lllegal, TO is set on POR
0 0 1 1 1 0 x x lllegal, PD is set on POR
0 0 u 1 1 u 1 1 | Brown-out Reset
u u u u u u 0 u | WDT Reset
u u u u u u u 0 WDT Wake-up from Sleep
u u u u u u u 1 0 | Interrupt Wake-up from Sleep
u u u u u u u u | MCLR Reset during normal operation
u u u 0 u u u 1 0 |MCLR Reset during Sleep
u u u u u u u u |RESET Instruction Executed
u u u u u u u u | Stack Overflow Reset (STVREN = 1)
u 1 u u u u u u u | Stack Underflow Reset (STVREN = 1)
TABLE 6-4: RESET CONDITION FOR SPECIAL REGISTERS
Condition Program STA:I'US PCF)N
Counter Register Register
Power-on Reset 0000h ---1 1000 00-- 110x
MCLR Reset during normal operation 0000h ---u uuuu uu-- Ouuu
MCLR Reset during Sleep 0000h ---1 Ouuu uu-- Ouuu
WDT Reset 0000h ---0 uuuu uu-- uuuu
WDT Wake-up from Sleep PC +1 ---0 Ouuu uu-- uuuu
Brown-out Reset 0000h ---1 luuu 00-- 11u0
Interrupt Wake-up from Sleep pPcC +1(1 ---1 Ouuu uu-- uuuu
RESET Instruction Executed 0000h ---u uuuu uu-- uluu
Stack Overflow Reset (STVREN = 1) 0000h ---u uuuu lu-- uuuu
Stack Underflow Reset (STVREN = 1) 0000h ---u uuuu ul-- uuuu
Legend: u =unchanged, x =unknown, - =unimplemented bit, reads as ‘0’.

Note 1: When the wake-up is due to an interrupt and Global Enable bit (GIE) is set, the return address is pushed on
the stack and PC is loaded with the interrupt vector (0004h) after execution of PC + 1.
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6.13 Power Control (PCON) Register The PCON register bits are shown in Register 6-2.

The Power Control (PCON) register contains flag bits
to differentiate between a:

* Power-on Reset (ﬁ)

* Brown-out Reset (ﬁ)

« Reset Instruction Reset (RI)

+ MCLR Reset (RMCLR)

» Watchdog Timer Reset (RWDT)

» Stack Underflow Reset (STKUNF)

» Stack Overflow Reset (STKOVF)

6.14 Register Definitions: Power Control

REGISTER 6-2: PCON: POWER CONTROL REGISTER

R/W/HS-0/q R/W/HS-0/q u-0 R/W/HC-1/qg R/W/HC-1/q R/W/HC-1/q R/W/HC-g/u R/W/HC-q/u
STKOVF STKUNF — RWDT RMCLR RI POR BOR
bit 7 bit 0
Legend:
HC = Bit is cleared by hardware HS = Bit is set by hardware
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -m/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared g = Value depends on condition
bit 7 STKOVF: Stack Overflow Flag bit

1 = A Stack Overflow occurred
0 = A Stack Overflow has not occurred or cleared by firmware

bit 6 STKUNF: Stack Underflow Flag bit

1 = A Stack Underflow occurred
0 = A Stack Underflow has not occurred or cleared by firmware

bit 5 Unimplemented: Read as ‘0’
bit 4 RWDT: Watchdog Timer Reset Flag bit
1 = A Watchdog Timer Reset has not occurred or set to ‘1’ by firmware
0 = A Watchdog Timer Reset has occurred (cleared by hardware)
bit 3 RMCLR: MCLR Reset Flag bit
1 = AMCLR Reset has not occurred or set to ‘1’ by firmware
0 = AMCLR Reset has occurred (cleared by hardware)
bit 2 RI: RESET Instruction Flag bit
1 = ARESET instruction has not been executed or set to ‘1’ by firmware
0 = ARESET instruction has been executed (cleared by hardware)
bit 1 POR: Power-on Reset Status bit
1 = No Power-on Reset occurred
0 = A Power-on Reset occurred (must be set in software after a Power-on Reset occurs)
bit 0 BOR: Brown-out Reset Status bit

1 = No Brown-out Reset occurred
0 = A Brown-out Reset occurred (must be set in software after a Power-on Reset or Brown-out Reset
occurs)
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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 I::g;zt;;
BORCON | SBOREN | BORFS — — — — — BORRDY | 122
PCON STKOVF | STKUNF — RWDT | RMCLR RI POR BOR 126
STATUS - - - TO PD DC c 41
WDTCON — — WDTPS[4:0] SWDTEN| 155
Legend:

— = unimplemented location, read as ‘0’. Shaded cells are not used by Resets.
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7.0 INTERRUPTS

The interrupt feature allows certain events to preempt
normal program flow. Firmware is used to determine
the source of the interrupt and act accordingly. Some
interrupts can be configured to wake the MCU from
Sleep mode.

This chapter contains the following information for
Interrupts:

* Operation

* Interrupt Latency

* Interrupts During Sleep

* INT Pin

+ Automatic Context Saving

Many peripherals produce interrupts. Refer to the
corresponding chapters for details.

A block diagram of the interrupt logic is shown in
Figure 7-1.

Rev. 10-000010A
11312014

Wake-up
(If in Sleep mode)

————————

FIGURE 7-1: INTERRUPT LOGIC
TMROIF —
TMROIE —
INTF
Peripheral Interrupts INTE
(TMR1IF) PIR1<0> ___|
} IOCIF |
(TMR1IE) PIE1<0> — IOCIE |
[ J [ J
SR
o ° PEIE —
PIRn<7> 7}
PIEn<7> — | GIE

sjsje]e

Interrupt
to CPU
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71 Operation

Interrupts are disabled upon any device Reset. They
are enabled by setting the following bits:

» GIE bit of the INTCON register

« Interrupt Enable bit(s) for the specific interrupt
event(s)

» PEIE bit of the INTCON register (if the Interrupt
Enable bit of the interrupt event is contained in the
PIE1 or PIE2 registers)

The INTCON, PIR1 and PIR2 registers record individ-
ual interrupts via interrupt flag bits. Interrupt flag bits will
be set, regardless of the status of the GIE, PEIE and
individual interrupt enable bits.

The following events happen when an interrupt event
occurs while the GIE bit is set:

» Current prefetched instruction is flushed
* GIE bit is cleared

* Current Program Counter (PC) is pushed onto the
stack

« Critical registers are automatically saved to the
shadow registers (See “Section 7.5 “Automatic
Context Saving”)

* PC is loaded with the interrupt vector 0004h

The firmware within the Interrupt Service Routine (ISR)
should determine the source of the interrupt by polling
the interrupt flag bits. The interrupt flag bits must be
cleared before exiting the ISR to avoid repeated
interrupts. Because the GIE bit is cleared, any interrupt
that occurs while executing the ISR will be recorded
through its interrupt flag, but will not cause the
processor to redirect to the interrupt vector.

The RETFIE instruction exits the ISR by popping the
previous address from the stack, restoring the saved
context from the shadow registers and setting the GIE
bit.

For additional information on a specific interrupt's
operation, refer to its peripheral chapter.

Note 1: Individual interrupt flag bits are set,
regardless of the state of any other
enable bits.

2: Allinterrupts will be ignored while the GIE
bit is cleared. Any interrupt occurring
while the GIE bit is clear will be serviced

when the GIE bit is set again.

7.2 Interrupt Latency

Interrupt latency is defined as the time from when the
interrupt event occurs to the time code execution at the
interrupt vector begins. The latency for synchronous
interrupts is three or four instruction cycles. For
asynchronous interrupts, the latency is three to five
instruction cycles, depending on when the interrupt
occurs. See Figure 7-2 and Figure 7-3 for more details.

© 2015-2020 Microchip Technology Inc.
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FIGURE 7-2: INTERRUPT LATENCY
a1iaz/asia4|atiaziasi4atiaziasias|atiaziasias|a1ia2]a3 satia2]asa4/atiaziasias|a1ia2i03]04
i i
CLKR / / Interrupt Sampled / / /
during Q1
Interrupt /
GIE \
PC { PC-1 PC PC+1 { 0004h 0005h
Execute | 1 Cycle Instruction at PC | Inst(PC) NOP NOP Inst(0004h)
Interrupt /
GIE \
PC+1/FSR New PC/
PC { PC-1 PC ADDR PC+1 0004h 0005h
Executef{ 2 Cycle Instruction at PC | Inst(PC) NOP NOP Inst(0004h)
Interrupt /
GIE \
PC PC-1 PC } FSR ADDR PC+1 PC+2 0004h 0005h
Execute || 3 Cycle Instruction at PC | INST(PC) NOP NOP NOP Inst(0004h) Inst(0005h)
Interrupt /
GIE \
PC PC-1 PC } FSR ADDR PC+1 PG+2 0004h 0005h
Execute | 3 Cycle Instruction at PC | INST(PC) NOP NOP NOP NOP Inst(0004h)
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FIGURE 7-3: INT PIN INTERRUPT TIMING

Q1] Q2| @3] Q4. Q1] Q2] @3] @4: Q1| Q2] Q3| @4: Q1] Q2] Q3| @4+ Q1| @2| Q3| Q4.

0ScCH1 . l
cLkouT® 1\ C ) . ! Z
L @w. : : : :

INTpin I E SN : : : :
P T o N M . . . .
INTF # 5 " Interrupt Latency(z) : ! :
GIE L 1 1 1 ] 1
| : | \ : | :
INSTRUCTION FLOW ; ! ; ! ;
PC ( PC X PC+1__ X PC+1 : 0004h X 0005h
Instruction ( : : : : :
Fetched { ! Inst (PC) ! Inst(PC+1) . — ) Inst (0004h) : Inst (0005h)
E‘fé;“u"tg‘(’j”{ ' Inst(PC-1) | Inst(PC) ' ForcedNOP '  ForcedNOP Inst (0004h)

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

2: Asynchronous interrupt latency = 3-5 TcY. Synchronous latency = 3-4 Tcy, where TcCY = 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””.
5: INTF is enabled to be set any time during the Q4-Q1 cycles.
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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.
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7.6 Register Definitions: Interrupt Control

REGISTER 7-1: INTCON: INTERRUPT CONTROL 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-0/0

GIE PEIE TMROIE INTE IOCIE TMROIF INTF loCIF(
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 GIE: Global Interrupt Enable bit

1 = Enables all active interrupts
0 = Disables all interrupts
bit 6 PEIE: Peripheral Interrupt Enable bit
1 = Enables all active peripheral interrupts
0 = Disables all peripheral interrupts
bit 5 TMROIE: Timer0 Overflow Interrupt Enable bit
1 = Enables the Timer0 interrupt
0 = Disables the Timer0 interrupt
bit 4 INTE: INT External Interrupt Enable bit
1 = Enables the INT external interrupt
0 = Disables the INT external interrupt
bit 3 IOCIE: Interrupt-on-Change Enable bit
1 = Enables the interrupt-on-change
0 = Disables the interrupt-on-change
bit 2 TMROIF: Timer0 Overflow Interrupt Flag bit
1 = TMRO register has overflowed
0 = TMRO register did not overflow
bit 1 INTF: INT External Interrupt Flag bit
1 = The INT external interrupt occurred
0 = The INT external interrupt did not occur
bit 0 IOCIF: Interrupt-on-Change Interrupt Flag bit(")
1 = When at least one of the interrupt-on-change pins changed state
0 = None of the interrupt-on-change pins have changed state

Note 1: The IOCIF Flag bit is read-only and cleared when all the interrupt-on-change flags in the IOCxF registers
have been cleared by software.

Note: Interrupt flag bits are set when an interrupt
condition occurs, regardless of the state of
its corresponding enable bit or the Global
Enable bit, GIE, of the INTCON register.
User software should ensure the
appropriate interrupt flag bits are clear
prior to enabling an interrupt.
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REGISTER 7-2: PIE1: PERIPHERAL INTERRUPT ENABLE REGISTER 1
R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0

TMR1GIE ADIE RCIE TXIE SSP1IE CCP1IE TMR2IE TMR1IE
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7 TMR1GIE: Timer1 Gate Interrupt Enable bit

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

1 = Enables the Timer1 gate acquisition interrupt
0 = Disables the Timer1 gate acquisition interrupt

ADIE: Analog-to-Digital Converter (ADC) Interrupt Enable bit
1 = Enables the ADC interrupt

0 = Disables the ADC interrupt

RCIE: EUSART Receive Interrupt Enable bit

1 = Enables the EUSART receive interrupt
0 = Disables the EUSART receive interrupt

TXIE: EUSART Transmit Interrupt Enable bit

1 = Enables the EUSART transmit interrupt

0 = Disables the EUSART transmit interrupt

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

0 = Disables the MSSP interrupt

CCP1IE: CCP1 Interrupt Enable bit

1 = Enables the CCP1 interrupt
0 = Disables the CCP1 interrupt

TMR2IE: TMR2 to T2PR Match Interrupt Enable bit

1 = Enables the Timer2 to T2PR match interrupt
0 = Disables the Timer2 to T2PR match interrupt

TMRA1IE: Timer1 Overflow Interrupt Enable bit

1 = Enables the Timer1 overflow interrupt
0 = Disables the Timer1 overflow interrupt

Note: Bit PEIE of the INTCON register must be
set to enable any peripheral interrupt.
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REGISTER 7-3: PIE2: PERIPHERAL INTERRUPT ENABLE REGISTER 2
R/W-0/0 R/W-0/0 R/W-0/0 uU-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
OSFIE C2IE C1IE COG1IE BCL1IE C4lE C3IE CCP2IE
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 OSFIE: Oscillator Fail Interrupt Enable bit

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

1 = Enables the Oscillator Fail interrupt

0 = Disables the Oscillator Fail interrupt

C2IE: Comparator C2 Interrupt Enable bit

1 = Enables the Comparator C2 interrupt

0 = Disables the Comparator C2 interrupt
C1IE: Comparator C1 Interrupt Enable bit

1 = Enables the Comparator C1 interrupt

0 = Disables the Comparator C1 interrupt
COG1IE: COG1 Auto-Shutdown Interrupt Enable bit
1 = COGH1 interrupt enabled

0 = COGH1 interrupt disabled

BCL1IE: MSSP Bus Collision Interrupt Enable bit
1 = Enables the MSSP Bus Collision interrupt

0 = Disables the MSSP Bus Collision interrupt
C4IE: TMR6 to T6PR Match Interrupt Enable bit
1 = Enables the Comparator C4 interrupt

0 = Disables the Comparator C4 interrupt
C3IE: TMR4 to T4PR Match Interrupt Enable bit
1 = Enables the Comparator C3 interrupt

0 = Disables the Comparator C3 interrupt
CCP2IE: CCP2 Interrupt Enable bit

1 = Enables the CCP2 interrupt
0 = Disables the CCP2 interrupt

Note: Bit PEIE of the INTCON register must be
set to enable any peripheral interrupt.
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REGISTER 7-4: PIE3: PERIPHERAL INTERRUPT ENABLE REGISTER 3
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
— — COG2IE ZCDIE CLC4IE CLC3IE CLC2IE CLC1IE
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5 COG2IE: COG2 Auto-Shutdown Interrupt Enable bit
1 = COG2 interrupt enabled
0 = COG2 interrupt disabled
bit 4 ZCDIE: Zero-Cross Detection Interrupt Enable bit
1 = ZCD interrupt enabled
0 = ZCD interrupt disabled
bit 3 CLCA4IE: CLC4 Interrupt Enable bit
1 = CLC4 interrupt enabled
0 = CLC4 interrupt disabled
bit 2 CLC3IE: CLC3 Interrupt Enable bit
1 = CLC3 interrupt enabled
0 = CLC3 interrupt disabled
bit 1 CLC2IE: CLC2 Interrupt Enable bit
1 = CLC2 interrupt enabled
0 = CLC2 interrupt disabled
bit 0 CLCH1IE: CLC1 Interrupt Enable bit

1 = CLC1 interrupt enabled
0 = CLCH1 interrupt disabled

Note: Bit PEIE of the INTCON register must be
set to enable any peripheral interrupt.
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REGISTER 7-5:

PIE4: PERIPHERAL INTERRUPT ENABLE REGISTER 4

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
— TMRS8IE TMR5GIE TMRS5IE TMR3GIE TMRS3IE TMRG6IE TRM4IE
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7 Unimplemented: Read as ‘0’
bit 6 TMRSIE: TMRS8 to T8PR Match Interrupt Enable bit
1 = Enables the Timer8 to T8PR match interrupt
0 = Disables the Timer8 to T8PR match interrupt
bit 5 TMRS5GIE: Timer5 Gate Interrupt Enable bit
1 = Enables the Timer5 gate acquisition interrupt
0 = Disables the Timer5 gate acquisition interrupt
bit 4 TMRSIE: TMRS5 to Overflow Interrupt Enable bit
1 = Enables the Timer5 to TSPR match interrupt
0 = Disables the Timer5 to T5PR match interrupt
bit 3 TMR3GIE: Timer3 Gate Interrupt Enable bit
1 = Enables the Timer3 gate acquisition interrupt
0 = Disables the Timer3 gate acquisition interrupt
bit 2 TMRS3IE: TMR3 to Overflow Interrupt Enable bit
1 = Enables the Timer3 to T3PR match interrupt
0 = Disables the Timer3 to T3PR match interrupt
bit 1 TMRGIE: TMRG6 to T6PR Match Interrupt Enable bit
1 = Enables the Timer6 to T6PR match interrupt
0 = Disables the Timer6 to T6PR match interrupt
bit 0 TMRA4IE: TMR4 to T4PR Match Interrupt Enable bit

1 = Enables the Timer4 to T4PR match interrupt
0 = Disables the Timer4 to T4PR match interrupt

© 2015-2020 Microchip Technology Inc.
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REGISTER 7-6:

PIES: PERIPHERAL INTERRUPT ENABLE REGISTER 5

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
ccprsie() CCP7IE COG4IE COG3IE csle c7ie™ C6IE C5IE
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 CCP8IE: CCP8 Interrupt Enable bit(!)
1 = Enables the CCP8 interrupt
0 = Disables the CCP8 interrupt
bit 6 CCP7IE: CCP7 Interrupt Enable bit
1 = Enables the CCP7 interrupt
0 = Disables the CCP7 interrupt
bit 5 COGA4IE: COG4 Auto-Shutdown Interrupt Enable bit
1 = COG4 interrupt enabled
0 = COG4 interrupt disabled
bit 4 COG3IE: COG3 Auto-Shutdown Interrupt Enable bit
1 = COGS3 interrupt enabled
0 = COG3 interrupt disabled
bit 3 C8IE: Comparator C8 Interrupt Enable bit(")
1 = Enables the Comparator C8 interrupt
0 = Disables the Comparator C8 interrupt
bit 2 C7IE: Comparator C7 Interrupt Enable bit(")
1 = Enables the Comparator C7 interrupt
0 = Disables the Comparator C7 interrupt
bit 1 C6IE: Comparator C6 Interrupt Enable bit
1 = Enables the Comparator C6 interrupt
0 = Disables the Comparator C6 interrupt
bit 0 C5IE: Comparator C5 Interrupt Enable bit

1 = Enables the Comparator C5 interrupt
0 = Disables the Comparator C5 interrupt

Note 1: PIC16(L)F1777/9 only.
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REGISTER 7-7:

PIE6: PERIPHERAL INTERRUPT ENABLE REGISTER 6

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
— — — — PWM12IEM | PWM1MIE PWM6IE PWMS5IE
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 7-4 Unimplemented: Read as ‘0’
bit 3 PWM12IE: PWM12 Interrupt Enable bit(
1 = PWM12 interrupt enabled
0 = PWMA12 interrupt disabled
bit 2 PWM11IE: PWM11 Interrupt Enable bit
1 = PWM11 interrupt enabled
0 = PWM11 interrupt disabled
bit 1 PWMGIE: PWM6 Interrupt Enable bit
1 = PWMBG interrupt enabled
0 = PWMBG interrupt disabled
bit 0 PWMSIE: PWM5 Interrupt Enable bit

1 = PWMS interrupt enabled
0 = PWMS5 interrupt disabled

Note 1: PIC16(L)F1777/9 only.
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REGISTER 7-8:

PIR1: PERIPHERAL INTERRUPT REQUEST REGISTER 1

R/W-0/0 R/W-0/0 R-0/0 R-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
TMR1GIF ADIF RCIF TXIF | SSP1IF ‘ CCP1IF TMR2IF TMR1IF
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 TMR1GIF: Timer1 Gate Interrupt Flag bit

1 = Interrupt is pending
0 = Interrupt is not pending

bit 6 ADIF: Analog-to-Digital Converter (ADC) Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending

bit 5 RCIF: EUSART Receive Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending

bit 4 TXIF: EUSART Transmit Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending

bit 3 SSP1IF: Synchronous Serial Port (MSSP) Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending

bit 2 CCP1IF: CCP1 Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending

bit 1 TMR2IF: Timer2 to T2PR Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending

bit 0 TMRA1IF: Timer1 Overflow Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending

Note: Interrupt flag bits are set when an interrupt

condition occurs, regardless of the state of
its corresponding enable bit or the Global
Enable bit, GIE, of the INTCON register.
User software should ensure the
appropriate interrupt flag bits are clear
prior to enabling an interrupt.
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REGISTER 7-9: PIR2: PERIPHERAL INTERRUPT REQUEST REGISTER 2

R/W-0/0 R/W-0/0 R/W-0/0 U-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
OSFIF C2IF C1IF COG1IF | BCL1F | C4F C3IF CCP2IF
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 OSFIF: Oscillator Fail Interrupt Flag bit

1 = Interrupt is pending
0 = Interrupt is not pending

bit 6 C2IF: Comparator C2 Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending

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

bit 4 COG1IF: COG1 Auto-Shutdown Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending

bit 3 BCL1IF: MSSP Bus Collision Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending

bit 2 CA4IF: Comparator C4 Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending

bit 1 C3IF: Comparator C3 Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending

bit 0 CCP2IF: CCP2 Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending

Note: Interrupt flag bits are set when an interrupt
condition occurs, regardless of the state of
its corresponding enable bit or the Global
Enable bit, GIE, of the INTCON register.
User software should ensure the
appropriate interrupt flag bits are clear
prior to enabling an interrupt.
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REGISTER 7-10:

PIR3: PERIPHERAL INTERRUPT REQUEST REGISTER 3

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
— — COG2IF ZCDIF | CLC4IF | CLC3IF CLC2IF CLC1IF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5 COG2IF: COG2 Auto-Shutdown Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending
bit 4 ZCDIF: Zero-Cross Detection Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending
bit 3 CLCA4IF: CLC4 Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending
bit 2 CLC3IF: CLC3 Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending
bit 1 CLC2IF: CLC2 Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending
bit 0 CLCA1IF: CLC1 Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending
Note: Interrupt flag bits are set when an interrupt

condition occurs, regardless of the state of
its corresponding enable bit or the Global
Enable bit, GIE, of the INTCON register.
User
appropriate interrupt flag bits are clear
prior to enabling an interrupt.

software should ensure
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REGISTER 7-11:

PIR4: PERIPHERAL INTERRUPT REQUEST REGISTER 4

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
— TMRS8IF TMR5GIF TMR5IF | TMR3GIF ‘ TMR3IF TMRG6IF TRM4IF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7 Unimplemented: Read as ‘0’
bit 6 TMRSIF: TMRS8 to T8PR Match Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending
bit 5 TMRS5GIF: Timer5 Gate Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending
bit 4 TMRSIF: TMRS5 to Overflow Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending
bit 3 TMR3GIF: Timer3 Gate Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending
bit 2 TMR3IF: TMR3 to Overflow Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending
bit 1 TMRG6IF: TMRG6 to T6PR Match Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending
bit 0 TMRA4IF: TMR4 to T4PR Match Interrupt Flag bit

1 = Interrupt is pending
0 = Interrupt is not pending

© 2015-2020 Microchip Technology Inc.
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REGISTER 7-12:

PIR5: PERIPHERAL INTERRUPT REQUEST REGISTER 5§

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
ccrelF™ | cCP7IF coGalF | cocsF | csiF® [ c7IF® C6IF C5IF
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 CCP8IF: CCP8 Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending
bit 6 CCP7IF: CCP7 Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending
bit 5 COGA4IF: COG4 Auto-Shutdown Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending
bit 4 COG3IF: COG3 Auto-Shutdown Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending
bit 3 C8IF: Comparator C8 Interrupt Flag bit(1)
1 = Interrupt is pending
0 = Interrupt is not pending
bit 2 C7IF: Comparator C7 Interrupt Flag bit(")
1 = Interrupt is pending
0 = Interrupt is not pending
bit 1 C6IF: Comparator C6 Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending
bit 0 C5IF: Comparator C5 Interrupt Flag bit

1 = Interrupt is pending
0 = Interrupt is not pending

Note 1: PIC16(L)F1777/9 only.
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REGISTER 7-13:

PIR6: PERIPHERAL INTERRUPT REQUEST REGISTER 6

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
— — — —  [pwmi2F™| pwm11iF | PWM6IF | PWMSIF
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 7-4 Unimplemented: Read as ‘0’
bit 3 PWM12IF: PWM12 Interrupt Flag bit(")
1 = Interrupt is pending
0 = Interrupt is not pending
bit 2 PWM11IF: PWM11 Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending
bit 1 PWMG6IF: PWMG Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending
bit 0 PWMSIF: PWMS Interrupt Flag bit

1 = Interrupt is pending
0 = Interrupt is not pending

Note 1: PIC16(L)F1777/9 only.
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TABLE 7-1: SUMMARY OF REGISTERS ASSOCIATED WITH INTERRUPTS

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Eﬁg;zrg
INTCON GIE PEIE TMROIE INTE IOCIE TMROIF INTF IOCIF 133
OPTION_REG | WPUEN | INTEDG | TMROCS | TMROSE PSA PS[2:0] 275
PIE1 TMR1GIE ADIE RCIE TXIE SSP1IE | CCP1IE | TMR2IE | TMRIIE 134
PIE2 OSFIE C2IE C1IE COG1IE | BCL1IE C4IE C3IE CCP2IE 135
PIE3 — = COG2IE | ZCDIE CLC4IE CLC3IE | CLC2IE | CLCIIE 136
PIE4 = TMR8IE | TMR5GIE | TMR5IE | TMR3GIE | TMR3IE | TMR6IE | TRM4IE 137
PIE5 ccreleE™ | ccP7IE | cCOG4IEM | COG3IE csIgM c7IeM C6IE C5IE 138
PIE6 — — — — PWM12IEM | PWM1MIE | PWM6IE | PWMSIE 139
PIR1 TMR1GIF ADIF RCIF TXIF SSP1IF | CCP1IF | TMR2IF | TMR1IF 140
PIR2 OSFIF C2IF C1IF COG1IF | BCL1IF CA4IF C3IF CCP2IF 141
PIR3 — = COG2IF | ZCDIF CLC4IF CLC3IF | CLC2IF | CLC1IF 142
PIR4 = TMR8IF | TMR5GIF | TMR5IF | TMR3GIF | TMR3IF | TMR6IF | TRM4IF 143
PIR5 ccralF) | ccr7iF | coGalF!) | COG3IF c8IFt c7IFM C6IF C5IF 144
PIR6 — — — — PWM12IF | PWM1MIF | PWM6IF | PWMSIF 145
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used by interrupts.

Note 1: PIC16(L)F1777/9 only.
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8.0 POWER-DOWN MODE (SLEEP)

The Power-Down mode is entered by executing a
SLEEP instruction.

Upon entering Sleep mode, the following conditions
exist:

1. WDT will be cleared but keeps running, if

enabled for operation during Sleep.

PD bit of the STATUS register is cleared.

TO bit of the STATUS register is set.

CPU clock is disabled.

31 kHz LFINTOSC is unaffected and peripherals

that operate from it may continue operation in

Sleep.

6. Timer1 and peripherals that operate from
Timer1 continue operation in Sleep when the
Timer1 clock source selected is:

+ LFINTOSC
* TI1CKI
» Secondary oscillator

7. ADC is unaffected, if the dedicated FRC
oscillator is selected.

8. 1/O ports maintain the status they had before
SLEEP was executed (driving high, low or
high-impedance).

9. Resets other than WDT are not affected by
Sleep mode.

ok~

Refer to individual chapters for more details on
peripheral operation during Sleep.

To minimize current consumption, the following
conditions should be considered:

» 1/O pins should not be floating

» External circuitry sinking current from I/O pins

« Internal circuitry sourcing current from 1/O pins

» Current draw from pins with internal weak pull-ups

* Modules using 31 kHz LFINTOSC

* Modules using secondary oscillator

I/O pins that are high-impedance inputs should be

pulled to VDD or Vss externally to avoid switching
currents caused by floating inputs.

Examples of internal circuitry that might be sourcing
current include modules such as the DAC and FVR
modules. See Section 17.0 “5-Bit Digital-to-Analog
Converter (DAC) Module” and Section 14.0 “Fixed
Voltage Reference (FVR)” for more information on
these modules.

8.1 Wake-up from Sleep

The device can wake-up from Sleep through one of the
following events:

External Reset input on MCLR pin, if enabled
BOR Reset, if enabled

POR Reset

Watchdog Timer, if enabled

Any external interrupt

Interrupts by peripherals capable of running
during Sleep (see individual peripheral for more
information)

ok wd==

The first three events will cause a device Reset. The
last three events are considered a continuation of
program execution. To determine whether a device
Reset or wake-up event occurred, refer to
Section 6.12 “Determining the Cause of a Reset”.

When the SLEEP instruction is being executed, the next
instruction (PC + 1) is prefetched. For the device to
wake-up through an interrupt event, the corresponding
interrupt enable bit must be enabled. Wake-up will
occur regardless of the state of the GIE bit. If the GIE
bit is disabled, the device continues execution at the
instruction after the SLEEP instruction. If the GIE bit is
enabled, the device executes the instruction after the
SLEEP instruction, the device will then call the Interrupt
Service Routine. In cases where the execution of the
instruction following SLEEP is not desirable, the user
should have a NOP after the SLEEP instruction.

The WDT is cleared when the device wakes up from
Sleep, regardless of the source of wake-up.

© 2015-2020 Microchip Technology Inc.
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8.1.1 WAKE-UP USING INTERRUPTS

When global interrupts are disabled (GIE cleared) and
any interrupt source has both its interrupt enable bit
and interrupt flag bit set, one of the following will occur:

« If the interrupt occurs before the execution of a
SLEEP instruction
- SLEEP instruction will execute as a NOP
- WDT and WDT prescaler will not be cleared
- TO bit of the STATUS register will not be set

- PD bit of the STATUS register will not be
cleared

FIGURE 8-1:

« If the interrupt occurs during or after the execu-
tion of a SLEEP instruction
- SLEEP instruction will be completely
executed
- Device willimmediately wake-up from Sleep
- WDT and WDT prescaler will be cleared
- TO bit of the STATUS register will be set
- PD bit of the STATUS register will be cleared

Even if the flag bits were checked before executing a
SLEEP instruction, it may be possible for flag bits to
become set before the SLEEP instruction completes. To
determine whether a SLEEP instruction executed, test
the PD bit. If the PD bit is set, the SLEEP instruction
was executed as a NOP.

WAKE UP FROM SLEEP THROUGH INTERRUPT

'Q1|Q2|Q3|Q4 Q1]Q2|Q3| Q4 Q1| '
CLKIN®),

'Q1|Q2|Q3|Q4 Q1|Q2|Q3|Q4 Q1l Q2| Q3|Q4 Q1|Q2|Q3|Q4'

' TOST(3)'

‘\_/ '

2: CLKOUT is shown here for timing reference.

“Two-Speed Clock Start-up Mode”.

CLKOUT‘Z’\ / \ / \ / \ / \

Interrupt flag ' ) /i +__Interrupt Latency® . ' !

GIE bit ' : : — ' ' ' ! '

(INTCON reg.) :  Processor in, l : \ : : :

' ' . Sleep : . ' ' .

Instruction Flow! ! : : ) : : : :

PC X PC X PC +1 X PC +2 X PC+2 X PC+2 X 0004h X 0005h ]

P;ttéﬁggon 'Inst(PC) = Sleep’  Inst(PC + 1) ' ' Inst(PC+2) ! ' Inst(0004h) ' Inst(0005h) !

Exséréjurigcén : Inst(PC - 1) : Sleep : : Inst(PC + 1) ! Forced NOP +  Forced NOP ! Inst(0004h)
Note 1: External clock. High, Medium, Low mode assumed.

3:  TosT = 1024 Tosc. This delay does not apply to EC, RC and INTOSC Oscillator modes or Two-Speed Start-up (see Section 5.4

4: GIE =1 assumed. In this case after wake-up, the processor calls the ISR at 0004h. If GIE = 0, execution will continue in-line.
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8.2 Low-Power Sleep Mode

The PIC16F1777/8/9 devices contain an internal Low
Dropout (LDO) voltage regulator, which allows the
device I/O pins to operate at voltages up to 5.5V while
the internal device logic operates at a lower voltage.
The LDO and its associated reference circuitry must
remain active when the device is in Sleep mode. The
PIC16F1777/8/9 allow the user to optimize the
operating current in Sleep, depending on the
application requirements.

A Low-Power Sleep mode can be selected by setting
the VREGPM bit of the VREGCON register. With this
bit set, the LDO and reference circuitry are placed in a
low-power state when the device is in Sleep.

8.2.1 SLEEP CURRENT VS. WAKE-UP
TIME

In the Default Operating mode, the LDO and reference
circuitry remain in the normal configuration while in
Sleep. The device is able to exit Sleep mode quickly
since all circuits remain active. In Low-Power Sleep
mode, when waking up from Sleep, an extra delay time
is required for these circuits to return to the normal
configuration and stabilize.

The Low-Power Sleep mode is beneficial for applica-
tions that stay in Sleep mode for long periods of time.
The Normal mode is beneficial for applications that
need to wake from Sleep quickly and frequently.

8.2.2 PERIPHERAL USAGE IN SLEEP

Some peripherals that can operate in Sleep mode will
not operate properly with the Low-Power Sleep mode
selected. The Low-Power Sleep mode is intended for
use with the following peripherals only:

* Brown-out Reset (BOR)

* Watchdog Timer (WDT)

» External interrupt pin/interrupt-on-change pins

« Timer1 (with external clock source < 100 kHz)

Note: The PIC16LF1777/8/9 do not have a
configurable Low-Power Sleep mode.
PIC16LF1777/8/9 are unregulated devices
and are always in the lowest power state
when in Sleep, with no wake-up time
penalty. These devices have a lower
maximum VDD and I/O voltage than the
PIC16F1777/8/9. See  Section 36.0
“Electrical Specifications” for more
information.

© 2015-2020 Microchip Technology Inc.
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8.3 Register Definitions: Voltage Regulator Control

REGISTER 8-1:

VREGCON: VOLTAGE REGULATOR CONTROL REGISTER("

u = Bit is unchanged

x = Bit is unknown

U-0 U-0 U-0 U-0 u-0 u-0 R/W-0/0 R/W-1/1
— — — — — — VREGPM Reserved
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’ = Bit is set ‘0’ = Bit is cleared
bit 7-2 Unimplemented: Read as ‘0’
bit 1 VREGPM: Voltage Regulator Power Mode Selection bit
1 = Low-Power Sleep mode enabled in Sleep(z)
Draws lowest current in Sleep, slower wake-up
0 = Normal Power mode enabled in Sleep(z)
Draws higher current in Sleep, faster wake-up
bit 0 Reserved: Read as ‘1’. Maintain this bit set.
Note 1: PIC16F1777/8/9 only.

2:

See Section 36.0 “Electrical Specifications”.
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TABLE 8-1: SUMMARY OF REGISTERS ASSOCIATED WITH POWER-DOWN MODE

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 '::9;2:;:
INTCON GIE PEIE TMROIE INTE IOCIE TMROIF INTF IOCIF 133
IOCAP IOCAP7 | IOCAP6 | IOCAP5 IOCAP4 IOCAP3 | IOCAP2 | IOCAP1 IOCAPO 216
IOCAN IOCAN7 | IOCAN6 | IOCAN5 | IOCAN4 IOCAN3 | IOCAN2 | IOCAN1 IOCANO 216
IOCAF IOCAF7 | IOCAF6 | IOCAF5 IOCAF4 IOCAF3 | IOCAF2 | IOCAF1 IOCAFO 217
IOCBP IOCBP7 | IOCBP6 | IOCBP5 IOCBP4 IOCBP3 | IOCBP2 | IOCBP1 IOCBPO 217
IOCBN IOCBN7 | IOCBN6 | IOCBN5 | IOCBN4 IOCBN3 | IOCBN2 | IOCBNT1 IOCBNO 217
IOCBF IOCBF7 | IOCBF6 | IOCBF5 IOCBF4 IOCBF3 | IOCBF2 | IOCBF1 IOCBFO 218
IOCCP IOCCP7 | IOCCP6 | IOCCP5 | IOCCP4 IOCCP3 | IOCCP2 | IOCCP1 IOCCPO 219
IOCCN IOCCN7 | IOCCN6 | IOCCN5 | IOCCN4 IOCCN3 | IOCCN2 | IOCCN1 IOCCNO 219
IOCCF IOCCF7 | IOCCF6 | IOCCF5 | IOCCF4 IOCCF3 | IOCCF2 | IOCCF1 IOCCFO 219
IOCEP — — = = IOCEP3 = = = 220
IOCEN = = — — IOCEN3 — — — 220
IOCEF = = = = IOCEF3 = — — 221
PIE1 TMR1GIE | ADIE RCIE TXIE SSP1IE | CCP1IE | TMR2IE | TMRIIE 134
PIE2 OSFIE C2IE C1IE COG1IE BCL1IE C4IE C3IE CCP2IE 135
PIE3 = = COG2IE ZCDIE CLC4IE | CLC3IE | CLC2IE CLC1IE 136
PIE4 = TMR8IE | TMR5GIE | TMR5IE | TMR3GIE | TMR3IE | TMR6IE | TRM4IE 137
PIE5 ccrelE™ | ccr7iE | cog4lE™ | COG3IE csiet c71ie® C6IE C5IE 138
PIE6 — — — = PWM12iEM | PWMMMIE | PWM6EIE | PWMSIE 139
PIR1 TMR1GIF ADIF RCIF TXIF SSP1IF | CCP1IF | TMR2IF | TMR1IF 140
PIR2 OSFIF C2IF C1IF COG1IF BCL1IF C4IF C3IF CCP2IF 141
PIR3 = = COG2IF ZCDIF CLC4IF | CLC3IF | CLC2IF CLC1IF 142
PIR4 = TMR8IF | TMR5GIF | TMR5IF | TMR3GIF | TMR3IF | TMR6IF | TRMA4IF 143
PIR5 ccraiF) | ccrrIF | cocalF) | COG3IF csIFt c7IF C6IF C5IF 144
PIR6 — — — = PWM12IFD | PWM11IF | PWM6EIF | PWMSIF 145
STATUS = = = TO PD z DC c 41
VREGCON(" — — = = = — VREGPM® | Reserved 150
WDTCON = = WDTPS[4:0] SWDTEN 155
Legend: = — = unimplemented location, read as ‘0’. Shaded cells are not used in Power-Down mode.

Note 1: PIC16(L)F1777/9 only.
2:  Unimplemented on PIC16LF1777/8/9.
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9.0 WATCHDOG TIMER (WDT)

The Watchdog Timer is a system timer that generates
a Reset if the firmware does not issue a CLRWDT
instruction within the time-out period. The Watchdog
Timer is typically used to recover the system from
unexpected events.

The WDT has the following features:

* Independent clock source
* Multiple operating modes
- WDT is always on
- WDT is off when in Sleep
- WDT is controlled by software
- WDT is always off

» Configurable time-out period is from 1 ms to 256
seconds (nominal)

* Multiple Reset conditions
» Operation during Sleep

FIGURE 9-1: WATCHDOG TIMER BLOCK DIAGRAM

Rev. 10-000141A
713012013

WDTE<1:0> = 01—
SWDTEN—
_Bi WDT
WDTE<1:0>=11 LFINTOSC [— 2 PB:;g’gzlgerravr:l/g?ble ™ Time-out
WDTE<1:0>= 10—
Sleep —— WDTPS<4:0>
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9.1 Independent Clock Source

The WDT derives its time base from the 31 kHz
LFINTOSC internal oscillator. Time intervals in this
chapter are based on a nominal interval of 1 ms. See
Table 36-8: Oscillator Parameters for the LFINTOSC
specification.

9.2 WDT Operating Modes

The Watchdog Timer module has four operating modes
controlled by the WDTE[1:0] bits in Configuration
Words. See Table 9-1.

9.2.1 WDT IS ALWAYS ON

When the WDTE bits of Configuration Words are set to
‘11’, the WDT is always on.

WDT protection is active during Sleep.

9.2.2 WDT IS OFF IN SLEEP

When the WDTE bits of Configuration Words are set to
‘10, the WDT is on, except in Sleep.

WDT protection is not active during Sleep.

9.2.3 WDT CONTROLLED BY SOFTWARE

When the WDTE bits of Configuration Words are set to
‘01’, the WDT is controlled by the SWDTEN bit of the
WDTCON register.

WDT protection is unchanged by Sleep. See Table 9-1
for more details.

TABLE 9-1: WDT OPERATING MODES
i Device WDT
WDTE[1:0] SWDTEN Mode Mode
11 X X Active
Awake |Active
10 X
Sleep |Disabled
1 Active
01 X
0 Disabled
00 X X Disabled

9.3 Time-Out Period

The WDTPS bits of the WDTCON register set the
time-out period from 1 ms to 256 seconds (nominal).
After a Reset, the default time-out period is two
seconds.

9.4 Clearing the WDT

The WDT is cleared when any of the following
conditions occur:

* Any Reset

* CLRWDT instruction is executed

» Device enters Sleep

» Device wakes up from Sleep

» Oscillator fail

* WDT is disabled

» Oscillator Start-up Timer (OST) is running

See Table 9-2 for more information.

9.5 Operation During Sleep

When the device enters Sleep, the WDT is cleared. If
the WDT is enabled during Sleep, the WDT resumes
counting.

When the device exits Sleep, the WDT is cleared
again. The WDT remains clear until the OST, if
enabled, completes. See Section 5.0 “Oscillator
Module (with Fail-Safe Clock Monitor)” for more
information on the OST.

When a WDT time-out occurs while the device is in
Sleep, no Reset is generated. Instead, the device
wakes up and resumes operation. The TO and PD bits
in the STATUS register are changed to indicate the
event. See STATUS Register (Register 3-1) for more
information.

© 2015-2020 Microchip Technology Inc.
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TABLE 9-2: WDT CLEARING CONDITIONS

Conditions WDT

WDTE[1:0] = 00
WDTE[1:0] = 01 and SWDTEN =0
WDTE[1:0] = 10 and enter Sleep

CLRWDT Command Cleared

Oscillator Fail Detected

Exit Sleep + System Clock = T10SC, EXTRC, INTOSC, EXTCLK

Exit Sleep + System Clock = XT, HS, LP Cleared until the end of OST
Change INTOSC divider (IRCF bits) Unaffected
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9.6 Register Definitions: Watchdog Control

REGISTER 9-1: WDTCON: WATCHDOG TIMER CONTROL REGISTER

uU-0 uU-0 R/W-0/0 R/W-1/1 R/W-0/0 R/W-1/1 R/W-1/1 R/W-0/0
— — WDTPS[4:0]" SWDTEN
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 -m/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5-1 WDTPS[4:0]: Watchdog Timer Period Select bits(!)

Bit Value = Prescale Rate
11111 = Reserved. Results in minimum interval (1:32)

10011 = Reserved. Results in minimum interval (1:32)

10010 = 1:8388608 (223) (Interval 256s nominal)
10001 = 1:4194304 (2%?) (Interval 128s nominal)
10000 = 1:2097152 (22") (Interval 64s nominal)
01111 = 1:1048576 (220) (Interval 32s nominal)
01110 = 1:524288 (2'9) (Interval 16s nominal)
01101 = 1:262144 (218) (Interval 8s nominal)
01100 = 1:131072 (2'7) (Interval 4s nominal)
01011 = 1:65536 (Interval 2s nominal) (Reset value)
01010 = 1:32768 (Interval 1s nominal)

01001 = 1:16384 (Interval 512 ms nominal)
01000 = 1:8192 (Interval 256 ms nominal)
00111 = 1:4096 (Interval 128 ms nominal)
00110 = 1:2048 (Interval 64 ms nominal)

00101 = 1:1024 (Interval 32 ms nominal)

00100 = 1:512 (Interval 16 ms nominal)

00011 = 1:256 (Interval 8 ms nominal)

00010 = 1:128 (Interval 4 ms nominal)
00001 = 1:64 (Interval 2 ms nominal)
00000 = 1:32 (Interval 1 ms nominal)
bit 0 SWDTEN: Software Enable/Disable for Watchdog Timer bit
If WDTE[1:0] = Ix:
This bit is ignored.

If WDTE[1:0] = 01:
1 = WDT is turned on

0 = WDT is turned off

If WDTE[1:0] = 00:
This bit is ignored.

Note 1: Times are approximate. WDT time is based on 31 kHz LFINTOSC.
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TABLE 9-3: SUMMARY OF REGISTERS ASSOCIATED WITH WATCHDOG TIMER

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | Register
on Page
OSCCON SPLLEN IRCF[3:0] — SCS[1:0] 117
STATUS — — — | 170 | PD z DC C 41
WDTCON — — WDTPS[4:0] SWDTEN 155
Legend: x =unknown, u = unchanged, — = unimplemented locations read as ‘0’. Shaded cells are not used by
Watchdog Timer.
TABLE 9-4: SUMMARY OF CONFIGURATION WORD WITH WATCHDOG TIMER
Name |Bits| Bit-7 | Bit-/6 | Bit13/5 | Bit12/4 | Bit11/3 |Bit10/2| Bit9/1 | Bitsjo | Register
on Page
13:8 — — FCMEN IESO |CLKOUTEN BOREN][1:0] —
CONFIG1 — —— 96
7:0 CP MCLRE | PWRTE WDTE[1:0] FOSC[2:0]
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used by Watchdog Timer.
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10.0 FLASH PROGRAM MEMORY
CONTROL

The Flash program memory is readable and writable
during normal operation over the full VDD range.
Program memory is indirectly addressed using Special
Function Registers (SFRs). The SFRs used to access
program memory are:

+ PMCON1
+ PMCON2
* PMDATL
+ PMDATH
+ PMADRL
+ PMADRH

When accessing the program memory, the
PMDATH:PMDATL register pair forms a 2-byte word
that holds the 14-bit data for read/write, and the
PMADRH:PMADRL register pair forms a 2-byte word
that holds the 15-bit address of the program memory
location being read.

The write time is controlled by an on-chip timer. The
write/erase voltages are generated by an on-chip charge
pump rated to operate over the operating voltage range
of the device.

The Flash program memory can be protected in two
ways; by code protection (CP bit in Configuration Words)
and write protection (WRT[1:0] bits in Configuration
Words).

Code protection (@ = O)“), disables access, reading
and writing, to the Flash program memory via external
device programmers. Code protection does not affect
the self-write and erase functionality. Code protection
can only be reset by a device programmer performing
a Bulk Erase to the device, clearing all Flash program
memory, Configuration bits and User IDs.

Write protection prohibits self-write and erase to a
portion or all of the Flash program memory as defined
by the bits, WRT[1:0]. Write protection does not affect
a device programmers ability to read, write or erase the
device.

Note 1: Code protection of the entire Flash
program memory array is enabled by
clearing the CP bit of Configuration Words.

10.1 PMADRL and PMADRH Registers

The PMADRH:PMADRL register pair can address up
to a maximum of 32K words of program memory. When
selecting a program address value, the MSB of the
address is written to the PMADRH register and the LSB
is written to the PMADRL register.

10.1.1 PMCON1 AND PMCON2
REGISTERS

PMCONT1 is the control register for Flash program
memory accesses.

Control bits RD and WR initiate read and write,
respectively. These bits cannot be cleared, only set, in
software. They are cleared by hardware at completion
of the read or write operation. The inability to clear the
WR bit in software prevents the accidental, premature
termination of a write operation.

The WREN bit, when set, will allow a write operation to
occur. On power-up, the WREN bit is clear. The
WRERR bit is set when a write operation is interrupted
by a Reset during normal operation. In these situations,
following Reset, the user can check the WRERR bit
and execute the appropriate error handling routine.

The PMCON2 register is a write-only register. Attempting
to read the PMCON2 register will return all ‘0’s.

To enable writes to the program memory, a specific
pattern (the unlock sequence), must be written to the
PMCON2 register. The required unlock sequence
prevents inadvertent writes to the program memory
write latches and Flash program memory.

10.2 Flash Program Memory Overview

It is important to understand the Flash program memory
structure for erase and programming operations. Flash
program memory is arranged in rows. A row consists of
a fixed number of 14-bit program memory words. A row
is the minimum size that can be erased by user software.

After a row has been erased, the user can reprogram
all or a portion of this row. Data to be written into the
program memory row is written to 14-bit wide data write
latches. These write latches are not directly accessible
to the user, but may be loaded via sequential writes to
the PMDATH:PMDATL register pair.

Note: If the user wants to modify only a portion
of a previously programmed row, then the
contents of the entire row must be read
and saved in RAM prior to the erase.
Then, new data and retained data can be
written into the write latches to reprogram
the row of Flash program memory. How-
ever, any unprogrammed locations can be
written without first erasing the row. In this
case, it is not necessary to save and
rewrite the other previously programmed
locations.

See Table 10-1 for Erase Row size and the number of
write latches for Flash program memory.

© 2015-2020 Microchip Technology Inc.
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FIGURE 10-1:

FLASH PROGRAM
MEMORY READ
FLOWCHART

TABLE 10-1: FLASH MEMORY
ORGANIZATION BY DEVICE
Write
Device Roxvofézse Latches
( ) (words)
PIC16(L)F1778
32 32
PIC16(L)F1777/9

READING THE FLASH PROGRAM
MEMORY

To read a program memory location, the user must:

1. Write the desired address to the
PMADRH:PMADRL register pair.

2. Clear the CFGS bit of the PMCONT1 register.

3. Then, set control bit RD of the PMCON1 register.

10.2.1

Once the read control bit is set, the program memory
Flash controller will use the second instruction cycle to
read the data. This causes the second instruction
immediately following the “BSF PMCON1, RD” instruction
to be ignored. The data is available in the very next cycle,
in the PMDATH:PMDATL register pair; therefore, it can

be read as two bytes in the following instructions.

The PMDATH:PMDATL register pair will hold this value

until another read or until it is written to by the user.

Note:  The two instructions following a program
memory read are required to be NOPs.
This prevents the user from executing a
2-cycle instruction on the next instruction
after the RD bit is set.

Rev. 10-000046A
7/3012013

C

Start
Read Operation

v

Program or Configuration Memory

Select

(CFGS)

v

Select
Word Address
(PMADRH:PMADRL)

i

Initiate Read operation
(RD=1)

i

Instruction fetched ignored

NOP execution forced

v

Instruction fetched ignored

NOP execution forced

v

Data read now in
PMDATH:PMDATL

A4

C

End
Read Operation
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FIGURE 10-2: FLASH PROGRAM MEMORY READ CYCLE EXECUTION
‘Q1 Q2|Q3|Q4|Q1|Q2|Q3|Q4|Q1|Q2|Q3|Q4|Q1|Q2|Q3|Q4|Q1|Q2(Q3|Q4|Q1|Q2|Q3|Q4
I
| | | | | | |
Flash ADDR < PC >< PC +1 XPMADRH,PMADRLX PC+3 X PC +4 X PC+5
| | | | | | |
I | | !
Flash Data | >< INSTR (PC) >< INSTR (PC + 1) ><PMDATH,PMDATL>< INSTR (PC + 3) >< INSTR (PC + 4) >< |
| | ||NSTR(PC+1) ||NSTR(PC+2) | | |
| INSTR(PC-1) | BSFPMCON1,RD| instruction ignored| instruction ignored |  |NSTR(PC +3) | INSTR(PC + 4) |
executed here executed here Forced NOP Forced NOP executed here executed here

| | | executed here | executed here | | |
| | | | | | |
RD bit L | / | | | | |
I 1 T T T 1
| | | | | | |
e | | | M | | |
PMDATL i J J J Il } Il
Register | [ [ [ [ [ [
I I I I I I I

EXAMPLE 10-1:

FLASH PROGRAM MEMORY READ

BANKSEL
MOVLW
MOVWE'
MOVLW
MOVWE'

BCF
BSF
NOP
NOP

MOVE
MOVWE
MOVE
MOVWE'

PROG_ADDR HI

PMADRL
PROG_ADDR LO
PMADRL
PROG_ADDR_HI
PMADRH

PMCON1, CFGS
PMCON1, RD

PMDATL, W
PROG_DATA LO
PMDATH, W

PROG_DATA HI

PROG DATA LO

* This code block will read 1 word of program
* memory at the memory address:
PROG_ADDR_LO
* data will be returned in the variables;
*  PROG_DATA HI,

; Select Bank for PMCON registers

; Store LSB of address
; Store MSB of address

; Do not select Configuration Space

; Initiate read

; Ignored

(Figure 10-1)

; Ignored (Figure 10-1)

; Get LSB of word
; Store in user location
; Get MSB of word
; Store in user location

© 2015-2020 Microchip Technology Inc.
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10.2.2 FLASH MEMORY UNLOCK
SEQUENCE

The unlock sequence is a mechanism that protects the
Flash program memory from unintended self-write pro-
gramming or erasing. The sequence must be executed
and completed without interruption to successfully
complete any of the following operations:

* Row Erase

* Load program memory write latches

» Write of program memory write latches to
program memory

» Write of program memory write latches to User
IDs

The unlock sequence consists of the following steps:
1. Write 55h to PMCON2

2. Write AAh to PMCON2

3. Set the WR bit in PMCON1

4. NOP instruction

5. NOP instruction

Once the WR bit is set, the processor will always force
two NOP instructions. When an Erase Row or Program
Row operation is being performed, the processor will stall
internal operations (typical 2 ms), until the operation is
complete and then resume with the next instruction.
When the operation is loading the program memory write
latches, the processor will always force the two NOP
instructions and continue uninterrupted with the next
instruction.

Since the unlock sequence must not be interrupted,
global interrupts should be disabled prior to the unlock
sequence and re-enabled after the unlock sequence is
completed.

FLASH PROGRAM
MEMORY UNLOCK
SEQUENCE FLOWCHART

FIGURE 10-3:

Start
Unlock Sequence

To0z013
v

Write 0x55 to
PMCON2

v

Write OxAA to
PMCON2

\ 4
Initiate
Write or Erase operation
(WR=1)

v

Instruction fetched ignored
NOP execution forced

v

Instruction fetched ignored
NOP execution forced

v

End
Unlock Sequence
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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 PMCON1 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 PMCONT1 register to
begin the erase operation.

See Example 10-2.

After the “BSF PMCON1, 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.

FIGURE 10-4: FLASH PROGRAM
MEMORY ERASE

FLOWCHART

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)

Y
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.
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EXAMPLE 10-2:

ERASING ONE ROW OF PROGRAM MEMORY

BCF
BANKSEL
MOVEFE
MOVWEF
MOVEFE
MOVWE
BCF

BSF

BSF

MOVLW
MOVWE
MOVLW
MOVWE'
BSF
NOP
NOP

Required
Sequence

BCF
BSF

INTCON, GIE
PMADRL
ADDRL, W
PMADRL
ADDRH, W
PMADRH
PMCON1, CFGS
PMCON1, FREE
PMCON1, WREN

55h
PMCON2
0AAh
PMCON2
PMCON1, WR

PMCON1, WREN
INTCON, GIE

; This row erase routine assumes the following:
; 1. A valid address within the erase row is loaded in ADDRH:ADDRL
; 2. ADDRH and ADDRL are located in shared data memory 0x70 - 0Ox7F

(common RAM)

Disable ints so required sequences will execute properly

Load lower 8 bits of erase address boundary

Load upper 6 bits of erase address boundary

Not configuration space
Specify an erase operation
Enable writes

Start of required sequence to initiate erase

Write 55h

Write AAh

Set WR bit to begin erase

NOP instructions are forced as
row erase of program memory.

The processor stalls until the

processor starts

erase process 1is complete

after erase processor continues with 3rd instruction

Disable writes
Enable interrupts
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10.2.4 WRITING TO FLASH PROGRAM
MEMORY

Program memory is programmed using the following
steps:

1. Load the address in PMADRH:PMADRL of the
row to be programmed.

2. Load each write latch with data.
3. Initiate a programming operation.
4. Repeat steps 1 through 3 until all data is written.

Before writing to program memory, the word(s) to be
written must be erased or previously unwritten.
Program memory can only be erased one row at a time.
No automatic erase occurs upon the initiation of the
write.

Program memory can be written one or more words at
a time. The maximum number of words written at one
time is equal to the number of write latches. See
Figure 10-5 (row writes to program memory with 32
write latches) for more details.

The write latches are aligned to the Flash row address
boundary defined by the upper ten bits of
PMADRH:PMADRL, (PMADRH[6:0]:PMADRL][7:5])
with the lower five bits of PMADRL, (PMADRL[4:0])
determining the write latch being loaded. Write opera-
tions do not cross these boundaries. At the completion
of a program memory write operation, the data in the
write latches is reset to contain Ox3FFF.

The following steps should be completed to load the
write latches and program a row of program memory.
These steps are divided into two parts. First, each write
latch is loaded with data from the PMDATH:PMDATL
using the unlock sequence with LWLO = 1. When the
last word to be loaded into the write latch is ready, the
LWLO bit is cleared and the unlock sequence
executed. This initiates the programming operation,
writing all the latches into Flash program memory.

Note:  The special unlock sequence is required
to load a write latch with data or initiate a
Flash programming operation. If the
unlock sequence is interrupted, writing to
the latches or program memory will not be
initiated.

1. Set the WREN bit of the PMCON1 register.

2. Clear the CFGS bit of the PMCON1 register.

3. Set the LWLO bit of the PMCON1 register.
When the LWLO bit of the PMCON1 register is
‘1’, the write sequence will only load the write
latches and will not initiate the write to Flash
program memory.

4. Load the PMADRH:PMADRL register pair with
the address of the location to be written.

5. Load the PMDATH:PMDATL register pair with
the program memory data to be written.

6. Execute the unlock sequence (Section 10.2.2
“Flash Memory Unlock Sequence”). The write
latch is now loaded.

7. Increment the PMADRH:PMADRL register pair
to point to the next location.

8. Repeat steps 5 through 7 until all but the last
write latch has been loaded.

9. Clear the LWLO bit of the PMCONT1 register.
When the LWLO bit of the PMCON1 register is
‘0%, the write sequence will initiate the write to
Flash program memory.

10. Load the PMDATH:PMDATL register pair with
the program memory data to be written.

11. Execute the unlock sequence (Section 10.2.2
“Flash Memory Unlock Sequence”). The
entire program memory latch content is now
written to Flash program memory.

Note:  The program memory write latches are
reset to the blank state (Ox3FFF) at the
completion of every write or erase
operation. As a result, it is not necessary
to load all the program memory write
latches. Unloaded latches will remain in
the blank state.

An example of the complete write sequence is shown in
Example 10-3. The initial address is loaded into the
PMADRH:PMADRL register pair; the data is loaded
using indirect addressing.

© 2015-2020 Microchip Technology Inc.
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FIGURE 10-5: BLOCK WRITES TO FLASH PROGRAM MEMORY WITH 32 WRITE LATCHES
7 6 07 54 0 7 5 0 7 0 S
PMADRH PMADRL [-T-] PMDATH | PMDATL |
r9|r8|r7|r6|r5|r4|r3 r2|r1|r0 c4|c3|c2]|ct]co 6 8
Y Y
14

o ; [ Program Memory Write Latches § 1

[ | i14 i14 im im |

| | Write Latch #0 | Write Latch #1 Write Latch #30 | Write Latch #31 |

| Row Addr Addr 44 Addr Addr
~{0oon [ 0000n 0001h €4 001Eh 001Fh
| 001h 0020h 0021h 44 003Eh 003Fh
002h 0040h 0041h << 005Eh 005Fh
CFGS =0
| 3FEh 7FCOh 7FC1h 44 7FDEh 7FDFh
Row \- [ 3FFh 7FEOh 7FE1h 44 7FFEh 7FFFh
Address — |
PMADRH<6:0>: Decode Flash Program Memory
PMADRL<7:5> L
400h | 8000h - 8003h | 8004h—8005h | 8006h | 8007h—8008h 8009h - 801Fh
> < | DEVICE ID Configuration
CFGS =1 USERIDO-3 reserved Dev / Rev Words reserved

Configuration Memory

6/8/L,214(7)9101d
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FIGURE 10-6: FLASH PROGRAM MEMORY WRITE FLOWCHART

Start
\\ Write Operation 7 /
\ 4 A\ 4
Determine number of words Enable Write/Erase
to be written into Program or Operation (WREN = 1)
Configuration Memory.
The number of words cannot >
exceed the number of words v
per row.
(word_cnt) Load the value to write
- (PMDATH:PMDATL)
*/{ y .
. Update the word counter Write Latches to Flash
Disable Interrupts ~
(GIE = 0) (wordfcnt--) (LWLO =0)
y \ 4
Select Unlc'Jck Sequence
Program or Config. Memory Last word to Yes Figure 10-3
(CFGS) write ?
\ 4
\ 4 No CPU stalls while Write
Select Row Address operation completes
. 2ms typical
(PMADRH:PMADRL) Unlock Sequence (2ms typical)
* Figure 10-3
Select Write Operation v
(FREE = 0)
" Disable
No delay when writing to Write/Erase Operation
h 4 Program Memory Latches (WREN = 0)
Load Write Latches Only
(LWLO =1) v
Re-enable Interrupts
(GIE=1)
Increment Address
(PMADRH:PMADRL++) v
End
Write Operation
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EXAMPLE 10-3:

WRITING TO FLASH PROGRAM MEMORY

;1.
;2.

; 3.
; 4.

BCF
BANKSEL
MOVF
MOVWE'
MOVEFE
MOVWEF
MOVLW
MOVWE
MOVLW
MOVWE'
BCF
BSF
BSF
LOOP
MOVIW
MOVWE'
MOVIW
MOVWE

MOVEFE
XORLW
ANDLW
BTFSC
GOTO

MOVLW
MOVWE
MOVLW
MOVWE
BSF
NOP

Required
Sequence

NOP

INCF
GOTO

START WRITE
BCF

MOVLW
MOVWE'
MOVLW
MOVWEF
BSF
NOP

Required
Sequence

NOP

BCF
BSF

INTCON, GIE
PMADRH
ADDRH, W
PMADRH
ADDRL, W
PMADRL

(the least significant bits =
ADDRH and ADDRL are located in shared data memory 0x70 - Ox7F

’

LOW DATA ADDR ;

FSROL

HIGH DATA ADDR ;

FSROH

PMCON1, CFGS
PMCON1, WREN
PMCON1, LWLO

FSRO++
PMDATL
FSRO++
PMDATH

PMADRL, W
0x1F

0x1F
STATUS, Z
START WRITE

55h
PMCON2
0AAQh
PMCON2
PMCON1, WR

PMADRL, F
LOOP

PMCON1, LWLO

55h
PMCON?2
0AAh
PMCON2
PMCON1, WR

PMCON1, WREN
INTCON, GIE

; This write routine assumes the following:
64 bytes of data are loaded, starting at the address in DATA ADDR

Each word of data to be written is made up of two adjacent bytes in DATA ADDR,
; stored in little endian format

A valid starting address

is loaded in ADDRH:ADDRL
(common RAM)

00000)

Disable ints so required sequences will execute properly
Bank 3
Load initial address

Load initial data address
Load initial data address

Not configuration space
Enable writes
Only Load Write Latches

Load first data byte into lower

Load second data byte into upper

Check if lower bits of address are '00000'
Check if we're on the last of 32 addresses

Exit if last of 32 words,

Start of required write sequence:
Write 55h

Write AAh

Set WR bit to begin write

NOP instructions are forced as processor
loads program memory write latches

Still loading latches Increment address
Write next latches

No more loading latches - Actually start Flash program
memory write

Start of required write sequence:
Write 55h

Write AAh

Set WR bit to begin write

NOP instructions are forced as processor writes

all the program memory write latches simultaneously
to program memory.

After NOPs, the processor

stalls until the self-write process in complete
after write processor continues with 3rd instruction
Disable writes

Enable interrupts
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10.3 Modifying Flash Program Memory

When modifying existing data in a program memory

row, and data within that row must be preserved, it must

first be read and saved in a RAM image. Program

memory is modified using the following steps:

1. Load the starting address of the row to be
modified.

2. Read the existing data from the row into a RAM
image.

3. Modify the RAM image to contain the new data
to be written into program memory.

4. Load the starting address of the row to be
rewritten.

5. Erase the program memory row.

6. Load the write latches with data from the RAM
image.

Initiate a programming operation.

~

FIGURE 10-7: FLASH PROGRAM
MEMORY MODIFY
FLOWCHART

Rev. 10-000050A
713012013

Start
Modify Operation

y

Read Operation
(See Note 1)

y

An image of the entire row
read must be stored in RAM

Modify Image
The words to be modified are
changed in the RAM image

i

Erase Operation
(See Note 2)

i

Write Operation
Use RAM image
(See Note 3)

Y
End
Modify Operation

Note 1: See Figure 10-1.
2: See Figure 10-4.
3: See Figure 10-6.
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10.4 User ID, Device ID and
Configuration Word Access

Instead of accessing program memory, the User ID’s,
Device ID/Revision ID and Configuration Words can be
accessed when CFGS =1 in the PMCON1 register.
This is the region that would be pointed to by
PC[15] = 1, but not all addresses are accessible.
Different access may exist for reads and writes. Refer
to Table 10-2.

When read access is initiated on an address outside
the parameters listed in  Table 10-2, the
PMDATH:PMDATL register pair is cleared, reading
back ‘0’s.

TABLE 10-2: USER ID, DEVICE ID AND CONFIGURATION WORD ACCESS (CFGS =1)
Address Function Read Access Write Access
8000h-8003h User IDs Yes Yes
8005h-8006h Device ID/Revision ID Yes No
8007h-8008h Configuration Words 1 and 2 Yes No

EXAMPLE 10-4:

CONFIGURATION WORD AND DEVICE ID ACCESS

* PROG_DATA HI, PROG DATA 1O

* This code block will read 1 word of program memory at the memory address:
*  PROG_ADDR LO (must be 00h-08h) data will be returned in the variables;

BANKSEL PMADRL ; Select correct Bank

MOVLW PROG_ADDR LO

MOVWE PMADRL ; Store LSB of address

CLRF PMADRH ; Clear MSB of address

BSF PMCON1, CFGS ; Select Configuration Space
BCF INTCON, GIE ; Disable interrupts

BSF PMCON1,RD ; Initiate read

NOP ; Executed (See Figure 10-2)
NOP ; Ignored (See Figure 10-2)
BSF INTCON, GIE ; Restore interrupts

MOVF PMDATL, W ; Get LSB of word

MOVWE PROG_DATA_ LO ; Store in user location
MOVFE PMDATH, W ; Get MSB of word

MOVWE PROG_DATA HI ; Store in user location

DS40001819D-page 168
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10.5 Write/Verify

Itis considered good programming practice to verify that
program memory writes agree with the intended value.
Since program memory is stored as a full page then the
stored program memory contents are compared with the
intended data stored in RAM after the last write is
complete.

FIGURE 10-8: FLASH PROGRAM
MEMORY VERIFY
FLOWCHART

Rev. 10-000051A
713012013

Start
Verify Operation

\ 4
This routine assumes that the last
row of data written was from an
image saved on RAM. This image
will be used to verify the data
currently stored in Flash Program
Memory

v

Read Operation
(See Note 1)

PMDAT =
RAM image ?

v

Fail
Verify Operation

End
Verify Operation

Note 1: See Figure 10-1.
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10.6 Register Definitions: Flash Program Memory Control

REGISTER 10-1: PMDATL: PROGRAM MEMORY DATA LOW BYTE 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
PMDAT[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 Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-0 PMDAT[7:0]: Read/write value for Least Significant bits of program memory
REGISTER 10-2: PMDATH: PROGRAM MEMORY DATA HIGH BYTE REGISTER
uU-0 uU-0 R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
— — PMDAT[13:8]

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’ = Bit is set ‘0’ = Bit is cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 PMDAT[13:8]: Read/write value for Most Significant bits of program memory
REGISTER 10-3: PMADRL: PROGRAM MEMORY ADDRESS 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

PMADR[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 Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-0 PMADR][7:0]: Specifies the Least Significant bits for program memory address
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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
1 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’ = Bit is 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’.
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REGISTER 10-5: PMCON1: PROGRAM MEMORY CONTROL 1 REGISTER

U-1 R/W-0/0 R/W-0/0 R/W/HC-0/0 R/W/HC-x/q?@ R/W-0/0 R/S/HC-0/0  R/S/HC-0/0
—® | cFes | wmwo® | FREE | WRERR | WREN | WR RD

bit 7 bit 0

Legend:

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

S = Bit can only be set x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bit is set ‘0’ = Bit is cleared HC = Bit is cleared by hardware

bit 7 Unimplemented: Read as ‘1’

bit 6 CFGS: Configuration Select bit

1 = Access Configuration, User ID and Device ID Registers
0 = Access Flash program memory

bit 5 LWLO: Load Write Latches Only bit(®
1 = Only the addressed program memory write latch is loaded/updated on the next WR command
0 = The addressed program memory write latch is loaded/updated and a write of all program memory write
latches will be initiated on the next WR command

bit 4 FREE: Program Flash Erase Enable bit
1 = Performs an erase operation on the next WR command (hardware cleared upon completion)
0 = Performs a write operation on the next WR command

bit 3 WRERR: Program/Erase Error Flag bit
1 = Condition indicates an improper program or erase sequence attempt or termination (bit is set automat-
ically on any set attempt (write ‘1°) of the WR bit).
0 = The program or erase operation completed normally

bit 2 WREN: Program/Erase Enable bit
1 = Allows program/erase cycles
0 = Inhibits programming/erasing of program Flash
bit 1 WR: Write Control bit
1 = Initiates a program Flash program/erase operation.
The operation is self-timed and the bit is cleared by hardware once operation is complete.
The WR bit can only be set (not cleared) in software.
0 = Program/erase operation to the Flash is complete and inactive
bit 0 RD: Read Control bit
1 = Initiates a program Flash read. Read takes one cycle. RD is cleared in hardware. The RD bit can only be set
(not cleared) in software.
0 = Does not initiate a program Flash read
Note 1: Unimplemented bit, read as ‘1.
2: The WRERR bit is automatically set by hardware when a program memory write or erase operation is started (WR = 1).
3:  The LWLO bit is ignored during a program memory erase operation (FREE = 1).
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REGISTER 10-6: PMCON2: PROGRAM MEMORY CONTROL 2 REGISTER

W-0/0 W-0/0 W-0/0 W-0/0 W-0/0 W-0/0 W-0/0 W-0/0
Program Memory Control Register 2

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
S = Bit can only be set 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 Flash Memory Unlock Pattern bits

To unlock writes, a 55h must be written first, followed by an AAh, before setting the WR bit of the
PMCONT1 register. The value written to this register is used to unlock the writes. There are specific
timing requirements on these writes.

TABLE 10-3: SUMMARY OF REGISTERS ASSOCIATED WITH FLASH PROGRAM MEMORY

Name | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ':ﬁgliztge;
INTCON GIE PEIE TMROIE INTE IOCIE TMROIF INTF IOCIF 133
PMCON1 —(M CFGS LWLO FREE WRERR | WREN WR RD 172
PMCON2 Program Memory Control Register 2 173
PMADRL PMADRL][7:0] 170
PMADRH | —( | PMADRH[6:0] 171
PMDATL PMDATL[7:0] 170
PMDATH — | — PMDATHI[5:0] 170
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used by Flash program memory.

Note 1: Unimplemented, read as ‘1’.

TABLE 10-4: SUMMARY OF CONFIGURATION WORD WITH FLASH PROGRAM MEMORY

Name |Bits| Bit-7 | Bit-6 | Bit13/5 | Bit12/4 | Bit11/3 | Bit10/2 | Bit9/ | Bitsio | Redister
on Page
13:8 — — FCMEN IESO CLKOUTEN BOREN[1:0] —
CONFIG1 — ——— 96
7:0 CP MCLRE | PWRTE WDTE[1:0] FOSC[2:0]
CONFIG2 |13:8 — — LVP DEBUG LPBOR BORV STVREN PLLEN o8
7:0 ZCD — — — — PPS1WAY WRT[1:0]
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used by Flash program memory.
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11.0 /0O PORTS FIGURE 11-1: GENERIC /0 PORT
. ) ) . OPERATION
Each port has six standard registers for its operation.
These registers are: R osmorzn
» TRISx registers (data direction) Read LATx
* PORTXx registers (reads the levels on the pins of
the device)
) TRISX
» LATXx registers (output latch)
* INLVLx (input level control) D Q
+ ODCON i -drai Write LAT;
X reg|§ters (open-drain) Wr:te A RXTx VDD
» SLRCONKX registers (slew rate cK £
Some ports may have one or more of the following Data Register
additional registers. These registers are:
Data bus ] X
» ANSELXx (analog select) ]\ b 1O pin
* WPUXx (weak pull-up) Read PORTx
In general, when a peripheral is enabled on a port pin, To digital peripherals

that pin cannot be used as a general purpose output.
However, the pin can still be read.

ANSELx

To analog peripherals «¢———————

TABLE 11-1: PORT AVAILABILITY PER Vss -
DEVICE

< 1] (8] [m] 11}

E |l | = | EFE|E

i 14 14
Device o] g g g &
o a|a | a|a

PIC16(L)F1778 ° ° ° °
PIC16(L)F1777/9 ° ° ° ° °

The Data Latch (LATx registers) is useful for
read-modify-write operations on the value that the 1/0
pins are driving.

A write operation to the LATx register has the same
effect as a write to the corresponding PORTXx register.
A read of the LATXx register reads of the values held in
the 1/0 PORT latches, while a read of the PORTx
register reads the actual I/O pin value.

Ports that support analog inputs have an associated
ANSELXx register. When an ANSEL bit is set, the digital
input buffer associated with that bit is disabled.
Disabling the input buffer prevents analog signal levels
on the pin between a logic high and low from causing
excessive current in the logic input circuitry. A
simplified model of a generic /O port, without the
interfaces to other peripherals, is shown in Figure 11-1.
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1.1 PORTA Registers

11.1.1 DATA REGISTER

PORTA is a 6-bit wide, bidirectional port. The
corresponding data direction register is TRISA
(Register 11-2). Setting a TRISA bit (= 1) will make the
corresponding PORTA pin an input (i.e., disable the
output driver). Clearing a TRISA bit (= 0) will make the
corresponding PORTA pin an output (i.e., enables
output driver and puts the contents of the output latch
on the selected pin). The exception is RA3, which is
input-only and its TRIS bit will always read as ‘1’.
Example 11-1 shows how to initialize PORTA.

Reading the PORTA register (Register 11-1) reads the
status of the pins, whereas writing to it will write to the
PORT latch. All write operations are read-modify-write
operations. Therefore, a write to a port implies that the
port pins are read, this value is modified and then
written to the PORT data latch (LATA).

11.1.2 DIRECTION CONTROL

The TRISA register (Register 11-2) controls the
PORTA pin output drivers, even when they are being
used as analog inputs. The user should ensure the bits
in the TRISA register are maintained set when using
them as analog inputs. I/O pins configured as analog
inputs always read ‘0’.

11.1.3 OPEN-DRAIN CONTROL

The ODCONA register (Register 11-6) controls the
open-drain feature of the port. Open-drain operation is
independently selected for each pin. When an
ODCONA bit is set, the corresponding port output
becomes an open-drain driver capable of sinking
current only. When an ODCONA bit is cleared, the
corresponding port output pin is the standard push-pull
drive capable of sourcing and sinking current.

11.1.4 SLEW RATE CONTROL

The SLRCONA register (Register 11-7) controls the
slew rate option for each port pin. Slew rate control is
independently selectable for each port pin. When an
SLRCONAbit is set, the corresponding port pin drive is
slew rate limited. When an SLRCONA bit is cleared,
The corresponding port pin drive slews at the maximum
rate possible.

11.1.5 INPUT THRESHOLD CONTROL

The INLVLA register (Register 11-8) controls the input
voltage threshold for each of the available PORTA input
pins. A selection between the Schmitt Trigger CMOS or
the TTL Compatible thresholds is available. The input
threshold is important in determining the value of a read
of the PORTA register and also the level at which an
interrupt-on-change occurs, if that feature is enabled.
See Table 36-4: 1/0 Ports for more information on
threshold levels.

Note: Changing the input threshold selection
should be performed while all peripheral
modules are disabled. Changing the
threshold level during the time a module is
active may inadvertently generate a
transition associated with an input pin,
regardless of the actual voltage level on
that pin.

11.1.6 ANALOG CONTROL

The ANSELA register (Register 11-4) is used to
configure the Input mode of an I/O pin to analog.
Setting the appropriate ANSELA bit high will cause all
digital reads on the pin to be read as ‘0’ and allow
analog functions on the pin to operate correctly.

The state of the ANSELA bits has no effect on digital
output functions. A pin with TRIS clear and ANSEL set
will still operate as a digital output, but the Input mode
will be analog. This can cause unexpected behavior
when executing read-modify-write instructions on the
affected port.

Note: The ANSELA bits default to the Analog
mode after reset. To use any pins as
digital general purpose or peripheral
inputs, the corresponding ANSEL bits
must be initialized to ‘0’ by user software.

EXAMPLE 11-1:  INITIALIZING PORTA

; This code example illustrates

; initializing the PORTA register. The

; other ports are initialized in the same
; manner.

BANKSEL PORTA ;
;Init PORTA

CLRF PORTA

BANKSEL LATA ;Data Latch
CLRF LATA ;

BANKSEL ANSELA ;

CLRF ANSELA ;digital I/0

BANKSEL TRISA ;

MOVLW B'00111000"'" ;Set RA[5:3] as inputs

MOVWE TRISA ;and set RA[2:0] as
;outputs

© 2015-2020 Microchip Technology Inc.
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11.1.7 PORTA FUNCTIONS AND OUTPUT
PRIORITIES

Each PORTA pin is multiplexed with other functions.

Each pin defaults to the PORT latch data after reset.
Other functions are selected with the peripheral pin
select logic. See Section 12.0 “Peripheral Pin Select
(PPS) Module” for more information.

Analog input functions, such as ADC and comparator
inputs are not shown in the peripheral pin select lists.
These inputs are active when the I/O pin is set for
Analog mode using the ANSELA register. Digital output
functions may continue to control the pin when it is in
Analog mode.
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11.2 Register Definitions: PORTA

REGISTER 11-1: PORTA: PORTA REGISTER

u = Bit is unchanged x = Bit is unknown

R/W-x/x R/W-x/x R/W-x/x R/W-x/x R-x/x R/W-x/x R/W-x/x R/W-x/x
RA7 RA6 RA5 RA4 RA3 RA2 RA1 RAO
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’ = Bit is set ‘0’ = Bit is cleared
bit 7-0 RA[7:0]: PORTA I/O Value bits("
1 = Port pinis > VIH
0 = Port pinis < VIL
Note 1: Writes to PORTA are actually written to corresponding LATA register. Reads from PORTA register is return

of actual I/0O pin values.

REGISTER 11-2:

TRISA: PORTA TRI-STATE REGISTER

u = Bit is unchanged x = Bit is unknown

‘1’ = Bitis set

‘0’ = Bit is cleared

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
TRISA7 TRISA6 TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISAO
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

bit 7-0

TRISA[7:0]: PORTA Tri-State Control bit

1 = PORTA pin configured as an input (tri-stated)

0 = PORTA pin configured as an output
REGISTER 11-3:

LATA: PORTA DATA LATCH REGISTER

u = Bit is unchanged x = Bit is unknown

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
LATA7 LATAG LATAS5 LATA4 LATA3 LATA2 LATA1 LATAO
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" = Bit is set ‘0’ = Bit is cleared
bit 7-0 LATA[7:0]: RA[7:0] Output Latch Value bits(")
Note 1: Writes to PORTA are actually written to corresponding LATA register. Reads from PORTA register is return

of actual I/0O pin values.
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REGISTER 11-4:

ANSELA: PORTA ANALOG SELECT REGISTER

u = Bit is unchanged

U-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
— — ANSA5 ANSA4 ANSA3 ANSA2 ANSA1 ANSAO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

X = Bit is unknown

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

‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 ANSA[5:0]: Analog Select between Analog or Digital Function on pins RA[5:0]
1 = Analog input. Pin is assigned as analog input“). Digital input buffer disabled.
0 = Digital I/O. 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 11-5: WPUA: WEAK PULL-UP PORTA 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
WPUA7 WPUAG WPUA5 WPUA4 WPUA3 WPUA2 WPUA1 WPUAO
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 WPUA[7:0]: Weak Pull-up Register bits{1(2)

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.
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REGISTER 11-6: ODCONA: PORTA OPEN-DRAIN CONTROL 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
ODA7 ODAG6 ODA5 ODA4 ODA3 ODA2 ODA1 ODAO

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 ODA[7:0]: PORTA Open-Drain Enable bits

For RA[7:0] pins
1 = Port pin operates as open-drain drive (sink current only)
0 = Port pin operates as standard push-pull drive (source and sink current)

REGISTER 11-7: SLRCONA: PORTA SLEW RATE CONTROL 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
SLRA7 SLRAG6 SLRA5 SLRA4 SLRA3 SLRA2 SLRA1 SLRAO
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 SLRA[7:0]: PORTA Slew Rate Enable bits

For RA[7:0] pins
1 = Port pin slew rate is limited
0 = Port pin slews at maximum rate

REGISTER 11-8: INLVLA: PORTA INPUT LEVEL CONTROL 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
INLVLA7 INLVLAG INLVLA5 INLVLA4 INLVLA3 INLVLA2 INLVLA1 INLVLAO
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 INLVLA[7:0]: PORTA Input Level Select bits

For RA[7:0] pins
1 = Port pin digital input operates with ST thresholds
0 = Port pin digital input operates with TTL thresholds
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TABLE 11-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

Name Bit7 | Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | Register
on Page
ANSELA — — ANSA5 | ANSA4 | ANSA3 ANSA2 | ANSA1 | ANSAO 178
INLVLA INLVLA7 | INLVLAG | INLVLAS | INLVLA4 | INLVLA3 | INLVLA2 | INLVLA1 | INLVLAO 179
LATA LATA7 LATA6 LATA5 LATA4 LATA3 LATA2 LATA1 LATAO 177
ODCONA ODA7 ODA6 ODA5 ODA4 ODA3 ODA2 ODA1 ODAO 179
OPTION_REG | WPUEN [ INTEDG | TMROCS | TMROSE PSA PS[2:0] 275
PORTA RA7 RA6 RA5 RA4 RA3 RA2 RA1 RAO 177
SLRCONA SLRA7 | SLRA6 | SLRA5 | SLRA4 SLRA3 SLRA2 SLRA1 SLRAO 179
TRISA TRISA7 | TRISA6 | TRISA5 | TRISA4 | TRISA3 | TRISA2 | TRISA1 | TRISAO 177
WPUA WPUA7 | WPUA6 | WPUA5 | WPUA4 | WPUA3 | WPUA2 | WPUA1 | WPUAO 178
Legend: x =unknown, u = unchanged, — = unimplemented locations read as ‘0’. Shaded cells are not used by
PORTA.
TABLE 11-3: SUMMARY OF CONFIGURATION WORD WITH PORTA
Name |Bits| Bit-/7 | Bit-/6 | Bit13/5 | Bit12/4 | Bit11/3 | Bit10/2 | Bit9/1 | Bits/o | Rogister
on Page
13:8 — — FCMEN IESO CLKOUTEN BOREN[1:0] —
CONFIG1 — ———— 96
7:0 CP MCLRE | PWRTE WDTE[1:0] FOSC[2:0]
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used by PORTA.
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11.3 PORTB Registers

11.3.1 DATA REGISTER

PORTB is an 8-bit wide, bidirectional port. The
corresponding data direction register is TRISB
(Register 11-10). Setting a TRISB bit (= 1) will make the
corresponding PORTB pin an input (i.e., put the
corresponding output driver in a High-Impedance mode).
Clearing a TRISB bit (= 0) will make the corresponding
PORTB pin an output (i.e., enable the output driver and
put the contents of the output latch on the selected pin).
Example 11-1 shows how to initialize an 1/0 port.

Reading the PORTB register (Register 11-9) reads the
status of the pins, whereas writing to it will write to the
PORT latch. All write operations are read-modify-write
operations. Therefore, a write to a port implies that the
port pins are read, this value is modified and then written
to the PORT data latch (LATB).

11.3.2 DIRECTION CONTROL

The TRISB register (Register 11-10) controls the
PORTB pin output drivers, even when they are being
used as analog inputs. The user should ensure the bits in
the TRISB register are maintained set when using them
as analog inputs. I/O pins configured as analog inputs
always read ‘0.

11.3.3 OPEN-DRAIN CONTROL

The ODCONB register (Register 11-14) controls the
open-drain feature of the port. Open-drain operation is
independently selected for each pin. When an
ODCONB bit is set, the corresponding port output
becomes an open-drain driver capable of sinking
current only. When an ODCONB bit is cleared, the
corresponding port output pin is the standard push-pull
drive capable of sourcing and sinking current.

11.3.4 SLEW RATE CONTROL

The SLRCONB register (Register 11-15) controls the
slew rate option for each port pin. Slew rate control is
independently selectable for each port pin. When an
SLRCONB bit is set, the corresponding port pin drive is
slew rate limited. When an SLRCONB bit is cleared,
The corresponding port pin drive slews at the maximum
rate possible.

11.3.5 INPUT THRESHOLD CONTROL

The INLVLB register (Register 11-16) controls the input
voltage threshold for each of the available PORTB input
pins. A selection between the Schmitt Trigger CMOS or
the TTL Compatible thresholds is available. The input
threshold is important in determining the value of a read
of the PORTB register and also the level at which an
interrupt-on-change occurs, if that feature is enabled.
See Table 36-4: 1/0 Ports for more information on
threshold levels.

Note: Changing the input threshold selection
should be performed while all peripheral
modules are disabled. Changing the
threshold level during the time a module is
active may inadvertently generate a
transition associated with an input pin,
regardless of the actual voltage level on

that pin.

11.3.6 ANALOG CONTROL

The ANSELB register (Register 11-12) is used to
configure the Input mode of an I/O pin to analog.
Setting the appropriate ANSELB bit high will cause all
digital reads on the pin to be read as ‘0’ and allow
analog functions on the pin to operate correctly.

The state of the ANSELB bits has no effect on digital out-
put functions. A pin with TRIS clear and ANSELB set will
still operate as a digital output, but the Input mode will be
analog. This can cause unexpected behavior when exe-
cuting read-modify-write instructions on the affected
port.

Note: The ANSELB bits default to the Analog
mode after reset. To use any pins as
digital general purpose or peripheral
inputs, the corresponding ANSEL bits

must be initialized to ‘0’ by user software.

11.3.7 PORTB FUNCTIONS AND OUTPUT
PRIORITIES

Each pin defaults to the PORT latch data after reset.
Other functions are selected with the peripheral pin
select logic. See Section 12.0 “Peripheral Pin Select
(PPS) Module” for more information. Analog input
functions, such as ADC and op amp inputs, are not
shown in the peripheral pin select lists. These inputs
are active when the I/O pin is set for Analog mode using
the ANSELB register. Digital output functions may
continue to control the pin when it is in Analog mode.

11.3.8 HIGH CURRENT DRIVE CONTROL

The output drivers on RB1 and RBO are capable of
sourcing and sinking up to 100 mA. This extra drive
capacity can be enabled and disabled with the control
bits in the HIDRVB register (Register 11-17).
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11.4 Register Definitions: PORTB
REGISTER 11-9: PORTB: PORTB 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
RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO

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 RB[7:0]: PORTB General Purpose I/0 Pin bits(")

1 = Port pinis > VIH
0 = Port pinis < VIL

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

REGISTER 11-10: TRISB: PORTB TRI-STATE REGISTER

R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO
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 TRISB[7:0]: PORTB Tri-State Control bits

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

REGISTER 11-11: LATB: PORTB 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
LATB7 LATB6 LATBS LATB4 LATB3 LATB2 LATB1 LATBO
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 LATB[7:0]: PORTB Output Latch Value bits(!

Note 1: Writes to PORTB are actually written to corresponding LATB register. Reads from PORTB register is
return of actual I/O pin values.
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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’ = Bit is set ‘0’ = Bit is cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 ANSBJ[5:0]: Analog Select between Analog or Digital Function on pins RB[5:0]

1 = Analog input. Pin is assigned as analog input“). Digital input buffer disabled.
0 = Digital I/O. 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 WPUBH1 WPUBO
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 7-4 WPUBJ[7:0]: Weak Pull-up Register bits(!-2)

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.
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REGISTER 11-14: ODCONB: PORTB OPEN-DRAIN CONTROL 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
ODB7 ODB6 ODB5 ODB4 ODB3 ODB2 ODB1 ODBO

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 ODBJ[7:0]: PORTB Open-Drain Enable bits

For RB[7:0] pins
1 = Port pin operates as open-drain drive (sink current only)
0 = Port pin operates as standard push-pull drive (source and sink current)

REGISTER 11-15: SLRCONB: PORTB SLEW RATE CONTROL 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
SLRB7 | SLRB6 | SLRB5 | SLRB4 | SLRB3 | SLRB2 | SLRB1 SLRBO
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 SLRBJ[7:0]: PORTB Slew Rate Enable bits

For RB[7:0] pins
1 = Port pin slew rate is limited
0 = Port pin slews at maximum rate

REGISTER 11-16: INLVLB: PORTB INPUT LEVEL CONTROL 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
IN.VLB7 | INLVLB6 | INLVLB5 | INLVLB4 | INLVLB3 | INLVLB2 | INLVLB1 INLVLBO
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 INLVLB[7:0]: PORTB Input Level Select bits

For RB[7:0] pins
1 = Port pin digital input operates with ST thresholds
0 = Port pin digital input operates with TTL thresholds
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REGISTER 11-17: HIDRVB: PORTB HIGH DRIVE CONTROL REGISTER

U-0 u-0 uU-0 u-0 u-0 uU-0 R/W-0/0 R/W-0/0
— I = T = 1T = 1T = 1] — | HIDB1 HIDBO

bit 7 bit 0

Legend:

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

u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bit is set ‘0’ = Bit is cleared

bit 7-2 Unimplemented: Read as ‘0’

bit 1-0 HIDBI[1:0]: PORTB High Drive Enable bits

For RB[1:0] pins
1 = High current source and sink enabled
0 = Standard current source and sink

TABLE 11-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ':ﬁgpizt;
ANSELB — — ANSB5 | ANSB4 | ANSB3 | ANSB2 | ANSB1 | ANSBO 183
HIDRVB — — — — — — HIDB1 HIDBO 185
INLVLB INLVLB7 | INLVLB6 | INLVLB5 | INLVLB4 | INLVLB3 | INLVLB2 | INLVLB1 | INLVLBO 184
LATB LATB7 LATB6 LATB5 LATB4 LATB3 LATB2 LATB1 LATBO 182
ODCONB ODBY7 ODB6 ODB5 ODB4 ODB3 ODB2 ODB1 ODBO 184
PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO 182
SLRCONB SLRB7 SLRB6 SLRB5 SLRB4 SLRB3 | SLRB2 | SLRB1 SLRBO 184
TRISB TRISB7 | TRISB6 | TRISB5 | TRISB4 | TRISB3 | TRISB2 | TRISB1 | TRISBO 184
WPUB WPUB7 | WPUB6 | WPUB5 | WPUB4 | WPUB3 | WPUB2 | WPUB1 | WPUBO 183
Legend:  x =unknown, u = unchanged, - = unimplemented locations read as ‘0’. Shaded cells are not used by

PORTB.
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11.5 PORTC Registers

11.5.1 DATA REGISTER

PORTC is an 8-bit wide bidirectional port in the
PIC16(L)F1777/8/9 devices. The corresponding data
direction register is TRISC (Register 11-19). Setting a
TRISC bit (= 1) will make the corresponding PORTC pin
an input (i.e., put the corresponding output driver in a
High-Impedance mode). Clearing a TRISC bit (= 0) will
make the corresponding PORTC pin an output (i.e.,
enable the output driver and put the contents of the
output latch on the selected pin). Example 11-1 shows
how to initialize an 1/O port.

Reading the PORTC register (Register 11-18) reads the
status of the pins, whereas writing to it will write to the
PORT latch. All write operations are read-modify-write
operations. Therefore, a write to a port implies that the
port pins are read, this value is modified and then written
to the PORT data latch (LATC).

11.5.2 DIRECTION CONTROL

The TRISC register (Register 11-19) controls the
PORTC pin output drivers, even when they are being
used as analog inputs. The user should ensure the bits in
the TRISC register are maintained set when using them
as analog inputs. I/O pins configured as analog inputs
always read ‘0’.

11.5.3 INPUT THRESHOLD CONTROL

The INLVLC register (Register 11-25) controls the input
voltage threshold for each of the available PORTC
input pins. A selection between the Schmitt Trigger
CMOS or the TTL Compatible thresholds is available.
The input threshold is important in determining the
value of a read of the PORTC register and also the
level at which an interrupt-on-change occurs, if that
feature is enabled. See Table 36-4: I/O Ports for more
information on threshold levels.

11.5.4 OPEN-DRAIN CONTROL

The ODCONC register (Register 11-23) controls the
open-drain feature of the port. Open-drain operation is
independently selected for each pin. When an
ODCONC bit is set, the corresponding port output
becomes an open-drain driver capable of sinking
current only. When an ODCONC bit is cleared, the
corresponding port output pin is the standard push-pull
drive capable of sourcing and sinking current.

11.5.5 SLEW RATE CONTROL

The SLRCONC register (Register 11-24) controls the
slew rate option for each port pin. Slew rate control is
independently selectable for each port pin. When an
SLRCONC bit is set, the corresponding port pin drive is
slew rate limited. When an SLRCONC bit is cleared,
The corresponding port pin drive slews at the maximum
rate possible.

11.5.6 ANALOG CONTROL

The ANSELC register (Register 11-21) is used to
configure the Input mode of an I/O pin to analog.
Setting the appropriate ANSELC bit high will cause all
digital reads on the pin to be read as ‘0’ and allow
analog functions on the pin to operate correctly.

The state of the ANSELC bits has no effect on digital out-
put functions. A pin with TRIS clear and ANSELC set will
still operate as a digital output, but the Input mode will be
analog. This can cause unexpected behavior when exe-
cuting read-modify-write instructions on the affected
port.

Note: The ANSELC bits default to the Analog
mode after reset. To use any pins as
digital general purpose or peripheral
inputs, the corresponding ANSEL bits

must be initialized to ‘0’ by user software.

Note: Changing the input threshold selection
should be performed while all peripheral
modules are disabled. Changing the
threshold level during the time a module is
active may inadvertently generate a
transition associated with an input pin,
regardless of the actual voltage level on
that pin.

11.5.7 PORTC FUNCTIONS AND OUTPUT
PRIORITIES

Each pin defaults to the PORT latch data after reset.
Other functions are selected with the peripheral pin
select logic. See Section 12.0 “Peripheral Pin Select
(PPS) Module” for more information.

Analog input functions, such as ADC and comparator
inputs, are not shown in the peripheral pin select lists.
These inputs are active when the 1/O pin is set for
Analog mode using the ANSELC register. Digital output
functions may continue to control the pin when it is in
Analog mode.
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11.6 Register Definitions: PORTC

REGISTER 11-18: PORTC: PORTC REGISTER

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1"’ = Bit is set ‘0’ = Bit is cleared
bit 7-0 RC[7:0]: PORTC General Purpose 1/O Pin bits(!)

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

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

REGISTER 11-19: TRISC: PORTC TRI-STATE REGISTER

R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISCA TRISCO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-0 TRISC[7:0]: PORTC Tri-State Control bits

1 = PORTC pin configured as an input (tri-stated)
0 = PORTC pin configured as an output
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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 LATC5 LATC4 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 uU-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’ = Bit is set ‘0’ = Bit is cleared
bit 7-2 ANSCJ[7:2]: Analog Select between Analog or Digital Function on pins RC[7:2](1)

1 = Analog input. Pin is assigned as analog input“). 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.
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REGISTER 11-22: WPUC: WEAK PULL-UP PORTC 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
WPUC7 WPUC6 WPUC5 WPUC4 WPUC3 WPUC2 WPUC1 WPUCO
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 WPUC[7:0]: Weak Pull-up Register bits(1> 2)

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.

REGISTER 11-23: ODCONC: PORTC OPEN-DRAIN CONTROL 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
OoDC7 ODC6 ODC5 ODC4 ODC3 ODC2 OoDC1 ODCO

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 ODCI7:0]: PORTC Open-Drain Enable bits

For RC[7:0] pins
1 = Port pin operates as open-drain drive (sink current only)
0 = Port pin operates as standard push-pull drive (source and sink current)
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REGISTER 11-24: SLRCONC: PORTC SLEW RATE CONTROL 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
SLRC7 SLRC6 SLRC5 SLRC4 SLRC3 SLRC2 SLRC1 SLRCO
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 SLRC[7:0]: PORTC Slew Rate Enable bits

For RC[7:0] pins
1 = Port pin slew rate is limited
0 = Port pin slews at maximum rate

REGISTER 11-25: INLVLC: PORTC INPUT LEVEL CONTROL 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
INLVLC7 INLVLC6 INLVLC5 INLVLC4 INLVLC3 INLVLC2 INLVLC1 INLVLCO
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 INLVLCI[7:0]: PORTC Input Level Select bits

For RC[7:0] pins
1 = Port pin digital input operates with ST thresholds
0 = Port pin digital input operates with TTL thresholds
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TABLE 11-5: SUMMARY OF REGISTERS ASSOCIATED WITH PORTC
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ﬁflg;z;ee'
ANSELC ANSC7 ANSC6 ANSC5 | ANSC4 | ANSC3 | ANSC2 — — 188
INLVLC INLVLC7 | INLVLC6 | INLVLC5 | INLVLC4 | INLVLC3 | INLVLC2 | INLVLC1 | INLVLCO 190
LATC LATC7 LATC6 LATC5 LATC4 LATC3 LATC2 LATCA LATCO 188
ODCONC oDcC7 ODC6 ODC5 OoDC4 OoDC3 oDC2 OoDC1 ODCO 189
PORTC RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO 187
SLRCONC | SLRC7 SLRC6 SLRC5 SLRC4 | SLRC3 | SLRC2 | SLRC1 | SLRCO 190
TRISC TRISC7 TRISC6 | TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO 187
WPUC WPUC7 WPUC6 | WPUC5 | WPUC4 | WPUC3 | WPUC2 | WPUC1 | WPUCO 189
Legend:  x =unknown, u = unchanged, - = unimplemented locations read as ‘0’. Shaded cells are not used by

PORTC.
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11.7 PORTD Registers
(PIC16(L)F1777/9 only)

11.7.1 DATA REGISTER

PORTD is an 8-bit wide bidirectional port in the
PIC16(L)F1777/8/9 devices. The corresponding data
direction register is TRISD (Register 11-27). Setting a
TRISD bit (= 1) will make the corresponding PORTD pin
an input (i.e., put the corresponding output driver in a
High-Impedance mode). Clearing a TRISD bit (= 0) will
make the corresponding PORTD pin an output (i.e.,
enable the output driver and put the contents of the
output latch on the selected pin). Example 11-1 shows
how to initialize an 1/0O port.

Reading the PORTD register (Register 11-26) reads the
status of the pins, whereas writing to it will write to the
PORT latch. All write operations are read-modify-write
operations. Therefore, a write to a port implies that the
port pins are read, this value is modified and then written
to the PORT data latch (LATD).

11.7.2 DIRECTION CONTROL

The TRISD register (Register 11-27) controls the
PORTD pin output drivers, even when they are being
used as analog inputs. The user should ensure the bits in
the TRISD register are maintained set when using them
as analog inputs. I/O pins configured as analog inputs
always read ‘0’.

11.7.3 INPUT THRESHOLD CONTROL

The INLVLD register (Register 11-33) controls the input
voltage threshold for each of the available PORTD
input pins. A selection between the Schmitt Trigger
CMOS or the TTL Compatible thresholds is available.
The input threshold is important in determining the
value of a read of the PORTD register and also the
level at which an interrupt-on-change occurs, if that
feature is enabled. See Table 36-4: I/O Ports for more
information on threshold levels.

Note: Changing the input threshold selection
should be performed while all peripheral
modules are disabled. Changing the
threshold level during the time a module is
active may inadvertently generate a
transition associated with an input pin,
regardless of the actual voltage level on
that pin.

11.7.4 OPEN-DRAIN CONTROL

The ODCOND register (Register 11-31) controls the
open-drain feature of the port. Open-drain operation is
independently selected for each pin. When an
ODCOND bit is set, the corresponding port output
becomes an open-drain driver capable of sinking
current only. When an ODCOND bit is cleared, the
corresponding port output pin is the standard push-pull
drive capable of sourcing and sinking current.

11.7.5 SLEW RATE CONTROL

The SLRCOND register (Register 11-32) controls the
slew rate option for each port pin. Slew rate control is
independently selectable for each port pin. When an
SLRCOND bit is set, the corresponding port pin drive is
slew rate limited. When an SLRCOND bit is cleared,
The corresponding port pin drive slews at the maximum
rate possible.

11.7.6 ANALOG CONTROL

The ANSELD register (Register 11-29) is used to
configure the Input mode of an I/O pin to analog.
Setting the appropriate ANSELD bit high will cause all
digital reads on the pin to be read as ‘0’ and allow
analog functions on the pin to operate correctly.

The state of the ANSELD bits has no effect on digital out-
put functions. A pin with TRIS clear and ANSELD set will
still operate as a digital output, but the Input mode will be
analog. This can cause unexpected behavior when exe-
cuting read-modify-write instructions on the affected
port.

Note: The ANSELD bits default to the Analog
mode after reset. To use any pins as
digital general purpose or peripheral
inputs, the corresponding ANSEL bits
must be initialized to ‘0’ by user software.

11.7.7 PORTD FUNCTIONS AND OUTPUT
PRIORITIES

Each pin defaults to the PORT latch data after reset.
Other functions are selected with the peripheral pin
select logic. See Section 12.0 “Peripheral Pin Select
(PPS) Module” for more information.

Analog input functions, such as ADC and comparator
inputs, are not shown in the peripheral pin select lists.
These inputs are active when the 1/O pin is set for
Analog mode using the ANSELD register. Digital output
functions may continue to control the pin when it is in
Analog mode.
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11.8 Register Definitions: PORTD

REGISTER 11-26: PORTD: PORTD 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
RD7 RD6 RD5 RD4 RD3 RD2 RD1 RDO

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
bit 7-0 RD[7:0]: PORTD General Purpose 1/O Pin bits(")

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

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

REGISTER 11-27: TRISD: PORTD TRI-STATE REGISTER

R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
TRISD7 TRISD6 TRISD5 TRISD4 TRISD3 TRISD2 TRISD1 TRISDO
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 TRISD[7:0]: PORTD Tri-State Control bits

1 = PORTD pin configured as an input (tri-stated)
0 = PORTD pin configured as an output
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REGISTER 11-28: LATD: PORTD 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
LATD7 LATD6 LATD5 LATD4 LATD3 LATD2 LATD1 LATDO
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 LATD[7:0]: PORTD Output Latch Value bits

REGISTER 11-29: ANSELD: PORTD 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 R/W-1/1 R/W-1/1
ANSD7 ANSD6 ANSD5 ANSD4 ANSD3 ANSD2 ANSD1 ANSDO
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 ANSDI[7:0]: Analog Select between Analog or Digital Function on pins RD[7:O](1)

1 = Analog input. Pin is assigned as analog input“). Digital input buffer disabled.
0 = Digital I/0O. 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.
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REGISTER 11-30: WPUD: WEAK PULL-UP PORTD 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
WPUD7 WPUD6 WPUD5 WPUD4 WPUD3 WPUD2 WPUD1 WPUDO
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 WPUD[7:0]: Weak Pull-up Register bits(1> 2)

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.

REGISTER 11-31: ODCOND: PORTD OPEN-DRAIN CONTROL 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
ODD7 ODD6 ODD5 ODD4 ODD3 ODD2 ODD1 ODDO

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 ODD[7:0]: PORTD Open-Drain Enable bits

For RD[7:0] pins
1 = Port pin operates as open-drain drive (sink current only)
0 = Port pin operates as standard push-pull drive (source and sink current)
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REGISTER 11-32: SLRCOND: PORTD SLEW RATE CONTROL 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
SLRD7 SLRD6 SLRD5 SLRD4 SLRD3 SLRD2 SLRD1 SLRDO
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 SLRD[7:0]: PORTD Slew Rate Enable bits

For RD[7:0] pins
1 = Port pin slew rate is limited
0 = Port pin slews at maximum rate

REGISTER 11-33: INLVLD: PORTD INPUT LEVEL CONTROL 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
INLVLD7 INLVLD6 INLVLD5 INLVLD4 INLVLD3 INLVLD2 INLVLD1 INLVLDO
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 INLVLDI[7:0]: PORTD Input Level Select bits

For RD[7:0] pins
1 = Port pin digital input operates with ST thresholds
0 = Port pin digital input operates with TTL thresholds
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TABLE 11-6: SUMMARY OF REGISTERS ASSOCIATED WITH PORTD(")

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ﬁflg;z;ee'
ANSELD ANSD7 ANSD6 ANSD5 | ANSD4 | ANSD3 | ANSD2 | ANSD1 | ANSDO 194
INLVLD INLVLD7 | INLVLD6 | INLVLD5 | INLVLD4 | INLVLD3 | INLVLD2 | INLVLD1 | INLVLDO 196
LATD LATD7 LATD6 LATD5 LATD4 LATD3 LATD2 LATD1 LATDO 194
ODCOND OoDD7 ODD6 ODD5 ODD4 ODD3 ODD2 ODD1 ODDO 195
PORTD RD7 RD6 RD5 RD4 RD3 RD2 RD1 RDO 196
SLRCOND | SLRD7 SLRD6 SLRD5 SLRD4 | SLRD3 | SLRD2 | SLRD1 | SLRDO 196
TRISD TRISD7 TRISD6 | TRISD5 | TRISD4 | TRISD3 | TRISD2 | TRISD1 | TRISDO 193
WPUD WPUD7 WPUD6 | WPUD5 | WPUD4 | WPUD3 | WPUD2 | WPUD1 | WPUDO 195
Legend:  x = unknown, u = unchanged, - = unimplemented locations read as ‘0’. Shaded cells are not used by

PORTD.

Note 1: PIC16(L)F1777/9 only.
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11.9 PORTE Registers

11.9.1 DATA REGISTER

PORTE is a 4-bit wide, bidirectional port. The
corresponding data direction register is TRISE. Setting a
TRISE bit (= 1) will make the corresponding PORTE pin
an input (i.e., put the corresponding output driver in a
High-Impedance mode). Clearing a TRISE bit (= 0) will
make the corresponding PORTE pin an output (i.e.,
enable the output driver and put the contents of the
output latch on the selected pin). The exception is RE3,
which is input only and its TRIS bit will always read as
‘1’. Example 11-1 shows how to initialize an 1/O port.

Reading the PORTE register (Register 11-34) reads
the status of the pins, whereas writing to it will write to
the PORT latch. All write operations are
read-modify-write operations. Therefore, a write to a
port implies that the port pins are read, this value is
modified and then written to the PORT data latch
(LATE). RE3 reads ‘0’ when MCLRE = 1.

Note: The RE[2:0], TRISE[2:0], INLVL[2:0] and
WPUE[2:0] pins are available on
PIC16(L)F1777/9 only.

11.9.2 DIRECTION CONTROL

The TRISE register (Register 11-35) controls the
PORTE pin output drivers, even when they are being
used as analog inputs. The user should ensure the bits in
the TRISE register are maintained set when using them
as analog inputs. I/O pins configured as analog inputs
always read ‘0.

11.9.3 INPUT THRESHOLD CONTROL

The INLVLE register (Register 11-41) controls the input
voltage threshold for each of the available PORTE
input pins. A selection between the Schmitt Trigger
CMOS or the TTL Compatible thresholds is available.
The input threshold is important in determining the
value of a read of the PORTE register and also the level
at which an interrupt-on-change occurs, if that feature
is enabled. See Table 36-4: I/0 Ports for more informa-
tion on threshold levels.

Note: Changing the input threshold selection
should be performed while all peripheral
modules are disabled. Changing the
threshold level during the time a module is
active may inadvertently generate a
transition associated with an input pin,
regardless of the actual voltage level on
that pin.

11.9.4  OPEN-DRAIN CONTROL(

The ODCONE register (Register 11-39) controls the
open-drain feature of the port. Open-drain operation is
independently selected for each pin. When an
ODCONE bit is set, the corresponding port output
becomes an open-drain driver capable of sinking
current only. When an ODCONE bit is cleared, the
corresponding port output pin is the standard push-pull
drive capable of sourcing and sinking current.

Note 1: Implemented on PIC16(L)F1777/9 only. I

11.9.5  SLEW RATE CONTROL

The SLRCONE register (Register 11-40) controls the
slew rate option for each port pin. Slew rate control is
independently selectable for each port pin. When an
SLRCONE bit is set, the corresponding port pin drive is
slew rate limited. When an SLRCONE bit is cleared,
The corresponding port pin drive slews at the maximum
rate possible.

Note 1: Implemented on PIC16(L)F1777/9 only. I

11.96  ANALOG CONTROL

The ANSELE register (Register 11-37) is used to
configure the Input mode of an I/O pin to analog.
Setting the appropriate ANSELE bit high will cause all
digital reads on the pin to be read as ‘0’ and allow
analog functions on the pin to operate correctly.

The state of the ANSELE bits has no effect on digital
output functions. A pin with TRIS clear and ANSEL set
will still operate as a digital output, but the Input mode
will be analog. This can cause unexpected behavior
when executing read-modify-write instructions on the
affected port.

The TRISE register (Register 11-35) controls the PORTE
pin output drivers, even when they are being used as
analog inputs. The user should ensure the bits in the
TRISE register are maintained set when using them as
analog inputs. I/O pins configured as analog input always
read ‘0’.

Note 1: Implemented on PIC16(L)F1777/9 only.

2: The ANSELE bits default to the Analog
mode after Reset. To use any pins as dig-
ital general purpose or peripheral inputs,
the corresponding ANSEL bits must be
initialized to ‘0’ by user software.
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11.9.7 PORTE FUNCTIONS AND OUTPUT
PRIORITIES

Each pin defaults to the PORT latch data after Reset.
Other functions are selected with the peripheral pin
select logic. See Section 12.0 “Peripheral Pin Select
(PPS) Module” for more information.

Analog input functions, such as ADC and comparator
inputs, are not shown in the peripheral pin select lists.
These inputs are active when the 1/O pin is set for Analog
mode using the ANSELE register. Digital output
functions may continue to control the pin when it is in
Analog mode.

© 2015-2020 Microchip Technology Inc.
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11.10 Register Definitions: PORTE

REGISTER 11-34: PORTE: PORTE REGISTER

R = Readable bit
u = Bit is unchanged

W = Writable bit
X = Bit is unknown

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

U-0 uU-0 U-0 U-0 R-x/u R/W-x/u R/W-x/u R/W-x/u

_ _ _ _ RE3 RE2(1) RE1() REOM
bit 7 bit 0
Legend:

‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-4 Unimplemented: Read as ‘0’
bit 3-0 RE[3:0]: PORTE I/O Pin bits("
1 = Port pinis > VIH
0 = Port pinis < VIL
Note 1: REJ[2:0] are not implemented on the PIC16(L)F1778. Read as ‘0’. Writes to RE[2:0] are actually written to

corresponding LATE register. Reads from PORTE register is the return of actual I/O pin values.

REGISTER 11-35: TRISE: PORTE TRI-STATE REGISTER

u-0 u-0 u-0 u-0 u-1@ R/W-1 R/W-1 R/W-1

_ _ _ _ _ TRISE2(" TRISE1M | TRISEOM
bit 7 bit O
Legend:

R = Readable bit
u = bit is unchanged

W = Writable bit
x = Bit is unknown

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

‘1" = Bit is set ‘0’ = Bit is cleared

bit 7-4 Unimplemented: Read as ‘0’

bit 3 Unimplemented: Read as ‘1’

bit 2-0 TRISE[2:0]: RE[2:0] Tri-State Control bits(")
1 = PORTE pin configured as an input (tri-stated)
0 = PORTE pin configured as an output

Note 1: TRISE[2:0] are not implemented on the PIC16(L)F1778.

2: Unimplemented, read as ‘1°.
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REGISTER 11-36: LATE: PORTE DATA LATCH REGISTER(")

uU-0 uU-0 U-0 uU-0 U-0 R/W-x/u R/W-x/u R/W-x/u
— — — — — LATE2 LATE1 LATEO
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 7-3 Unimplemented: Read as ‘0’
bit 2-0 LATE[2:0]: PORTE Output Latch Value bits

Note 1: The LATE register is not implemented on the PIC16(L)F1778. Writes to RE[2:0] are actually written to cor-
responding LATE register. Reads from PORTE register is the return of actual I/O pin values.

REGISTER 11-37: ANSELE: PORTE ANALOG SELECT REGISTER(?)

uU-0 uU-0 uU-0 uU-0 u-0 R/W-1/1 R/W-1/1 R/W-1/1
— — — — — ANSE2 ANSE1 ANSEO
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 7-3 Unimplemented: Read as ‘0’
bit 2-0 ANSE[2:0]: Analog Select between Analog or Digital Function on pins RE[2:0](1)

1 = Analog input. Pin is assigned as analog input“). Digital input buffer disabled.
0 = Digital I/O. 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.

2: The ANSELE register is not implemented on the PIC16(L)F1778.
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REGISTER 11-38: WPUE: WEAK PULL-UP PORTE REGISTER

uU-0 uU-0 uU-0 uU-0 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
— — — — WPUE3 wpUE2®) | wpUE1®) | wPUEO®)
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 7-4 Unimplemented: Read as ‘0’
bit 3-0 WPUE[3:0]: Weak Pull-up Register bit(®

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 in configured as an output.
3: WPUE[2:0] is not implemented on the PIC16(L)F1778.

REGISTER 11-39: ODCONE: PORTE OPEN-DRAIN CONTROL REGISTER(")

u-0 uU-0 uU-0 uU-0 u-0 R/W-0/0 R/W-0/0 R/W-0/0
— — — — — ODE2 ODEA1 ODEO
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 7-3 Unimplemented: Read as ‘0’
bit 2-0 ODE[2:0]: PORTE Open-Drain Enable bits

For RE[2:0] pins
1 = Port pin operates as open-drain drive (sink current only)
0 = Port pin operates as standard push-pull drive (source and sink current)

Note 1: The ODCONE register is not implemented on the PIC16(L)F1778.
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REGISTER 11-40: SLRCONE: PORTE SLEW RATE CONTROL REGISTER(")

U-0 u-0 uU-0 u-0 u-0 R/W-1/1 R/W-1/1 R/W-1/1
— — — — — SLRE2 SLRE1 SLREO

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 7-3 Unimplemented: Read as ‘0’

bit 2-0 SLRE[2:0]: PORTE Slew Rate Enable bits

For RE[2:0] pins
1 = Port pin slew rate is limited
0 = Port pin slews at maximum rate

Note 1: The SLRCONE register is not implemented on the PIC16(L)F1778.

REGISTER 11-41: INLVLE: PORTE INPUT LEVEL CONTROL REGISTER

U-0 uU-0 U-0 uU-0 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
— — — — INLVLE3 INLVLE2(M | INLVLE1™ | INLVLEO™
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 7-4 Unimplemented: Read as ‘0’
bit 3-0 INLVLE[3:0]: PORTE Input Level Select bit

1 = ST input used for PORT reads and interrupt-on-change
0 = TTL input used for PORT reads and interrupt-on-change

Note 1: INLVLE[2:0] are not implemented on the PIC16(L)F1778.

TABLE 11-7:  SUMMARY OF REGISTERS ASSOCIATED WITH PORTE

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ':r‘:g;zt;
ANSELE® = = = = = ANSELE2 | ANSELE1 | ANSELEO 201
INLVLE — — — = INLVLE3 | INLVLE2@ | INLVLE1® | INLVLEO® 203
LATE®@ — = — = = LATE2 LATE1 LATEO 201
ODCONE®@ — = — = = ODE2 ODET1 ODEO 202
PORTE — — = = RE3 RE2? RE1® REO® 200
SLRCONE®@ — = — = = SLRE2 SLRE1 SLREO 203
TRISE — = — = —M TRISE2® | TRISE1® | TRISEO®@ 200
WPUE — — — = WPUE3 | WPUE2@ | wpUE1®@ | wpuE0® 202

Legend:  x =unknown, u = unchanged, — = unimplemented locations read as ‘0’. Shaded cells are not used by PORTE.
Note 1: Unimplemented, read as ‘1.
2:  PIC16(L)F1777/9 only.
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12.0 PERIPHERAL PIN SELECT
(PPS) MODULE

The Peripheral Pin Select (PPS) module connects
peripheral inputs and outputs to the device I/O pins.
Only digital signals are included in the selections. All
analog inputs and outputs remain fixed to their
assigned pins. Input and output selections are
independent as shown in the simplified block diagram
Figure 12-1.

121 PPS Inputs

Each peripheral has a PPS register with which the
inputs to the peripheral are selected. Inputs include the
device pins.

Multiple peripherals can operate from the same source
simultaneously. Port reads always return the pin level
regardless of peripheral PPS selection. If a pin also has
associated analog functions, the ANSEL bit for that pin
must be cleared to enable the digital input buffer.

Although every peripheral has its own PPS input selec-
tion register, the selections are identical for every
peripheral as shown in Register 12-1.

Note:  The notation “xxx” in the register name is
a place holder for the peripheral identifier.
For example, CLC1PPS.

12.2 PPS Outputs

Each 1/0O pin has a PPS register with which the pin
output source is selected. With few exceptions, the port
TRIS control associated with that pin retains control
over the pin output driver. Peripherals that control the
pin output driver as part of the peripheral operation will
override the TRIS control as needed. These
peripherals include:

* EUSART (synchronous operation)

« MSSP (I°C)

* COG (auto-shutdown)

Although every pin has its own PPS peripheral

selection register, the selections are identical for every
pin as shown in Register 12-2.

Note:  The notation “Rxy” is a place holder for the I

pin identifier. For example, RAOPPS.

FIGURE 12-1: SIMPLIFIED PPS BLOCK DIAGRAM
PPS Outputs
PPS Inputs RAOPPS?\

abcPPS—| | L I RAO

RAO X1 :

: Peripheral abc :

! ! ! RXyPPS q\ :
l : —.—(' <] Rxy

@ : Peripheral xyz RCTPPS :

RC7 1 :
xyzPPS ' L XIRCT
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12.3 Bidirectional Pins

PPS selections for peripherals with bidirectional
signals on a single pin must be made so that the PPS
input and PPS output select the same pin. Peripherals
that have bidirectional signals include:

» EUSART (synchronous operation)
« MSSP (IC)

Note: The I2C default input pins are 12C and
SMBus compatible and are the only pins
on the device with this compatibility.

12.4 PPS Lock

The PPS includes a mode in which all input and output
selections can be locked to prevent inadvertent
changes. PPS selections are locked by setting the
PPSLOCKED bit of the PPSLOCK register. Setting and
clearing this bit requires a special sequence as an extra
precaution against inadvertent changes. Examples of
setting and clearing the PPSLOCKED bit are shown in
Example 12-1.

EXAMPLE 12-1: PPS LOCK/UNLOCK

SEQUENCE

; suspend interrupts
bcf INTCON, GIE
BANKSEL PPSLOCK ; set bank
; required sequence, next 5 instructions
movlw 0x55
movwif PPSLOCK
movlw 0xAA
movwf PPSLOCK
; Set PPSLOCKED bit to disable writes or
; Clear PPSLOCKED bit to enable writes

bsf PPSLOCK, PPSLOCKED
; restore interrupts
bsf INTCON, GIE

12.5 PPS Permanent Lock

The PPS can be permanently locked by setting the
PPS1WAY Configuration bit. When this bit is set, the
PPSLOCKED bit can only be cleared and set one time
after a device Reset. This allows for clearing the
PPSLOCKED bit so that the input and output selections
can be made during initialization. When the
PPSLOCKED bit is set after all selections have been
made, it will remain set and cannot be cleared until after
the next device Reset event.

12.6 Operation During Sleep

PPS input and output selections are unaffected by
Sleep.

12.7 Effects of a Reset

A device Power-on Reset (POR) clears all PPS input
and output selections to their default values. All other
Resets leave the selections unchanged. Default input
selections are shown in Table 12-1.

© 2015-2020 Microchip Technology Inc.
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12.8 Register Definitions: PPS Input Selection

REGISTER 12-1: xxxPPS: PERIPHERAL xxx INPUT SELECTION

uU-0 uU-0 R/W-q/u R/W-q/u R/W-q/u R/W-q/u R/W-q/u R/W-q/u
— — xxxPPS[5:0]
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 g = value depends on peripheral
bit 7-6 Unimplemented: Read as ‘0’
bit 5-3 xxxPPS[5:3]: Peripheral xxx Input PORT Selection bits

100 = Peripheral input is PORTE
011 = Peripheral input is PORTD(")
010 = Peripheral input is PORTC
001 = Peripheral input is PORTB
000 = Peripheral input is PORTA

bit 2-0 xxxPPS[2:0]: Peripheral xxx Input Bit Selection bits()
111 = Peripheral input is from PORTx Bit 7 (Rx7)
110 = Peripheral input is from PORTx Bit 6 (Rx6)
101 = Peripheral input is from PORTXx Bit 5 (Rx5)
100 = Peripheral input is from PORTx Bit 4 (Rx4)
011 = Peripheral input is from PORTx Bit 3 (Rx3)
010 = Peripheral input is from PORTx Bit 2 (Rx2)
001 = Peripheral input is from PORTx Bit 1 (Rx1)
000 = Peripheral input is from PORTx Bit 0 (Rx0)

Py

Note 1: See Table 12-1 for xxxPPS register list and Reset values.
2: PIC16(L)F1777/9 only.

REGISTER 12-2: RxyPPS: PIN Rxy OUTPUT SOURCE SELECTION REGISTER

uU-0 uU-0 R/W-0/u R/W-0/u R/W-0/u R/W-0/u R/W-0/u R/W-0/u
— — RxyPPSI[5:0]
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 Unimplemented: Read as ‘0’
bit 5-0 RxyPPS[5:0]: Pin Rxy Output Source Selection bits

Selection code determines the output signal on the port pin.
See Table 12-2 for the selection codes
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REGISTER 12-3: PPSLOCK: PPS LOCK REGISTER

U-0 uU-0 U-0 uU-0 uU-0 u-0 uU-0 R/W-0/0
— — — — — — — PPSLOCKED
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 7-1 Unimplemented: Read as ‘0’
bit 0 PPSLOCKED: PPS Locked bit

1 = PPS is locked. PPS selections can not be changed.
0 =PPS is not locked. PPS selections can be changed.
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TABLE 12-1: PPS INPUT REGISTER RESET VALUES
Default Pin Reset Value Port Selection Port Selection
Peripheral ;2;::’:: Selection (xxxPPS[5:0]) PIC16(L)F1777/9 PIC16(L)F1778
PIC16(L)F1777/8/9 | PIC16(L)F1777/8/9 B c D 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 o . .
Timer5 gate T5GPPS RB4 001100 ° ° . °
Timer2 input T2INPPS RC3 010011 . ° °
Timer4 input T4INPPS RC5 010101 . . . .
Timer6 input T6INPPS RB7 001111 . o o .
Timer8 input T8INPPS RC4 010100 ° ° . °
CCP1 CCP1PPS RC2 010010 ° ° ° °
CCP2 CCP2PPS RC1 010001 . o o .
ccP7 CCP7PPS RB5 001101 . o . .
ccprs( CCP8PPS RBO 001000 . o o .
COG1 COG1INPPS RBO 001000 . o o .
COG2 COG2INPPS RB1 001001 . o . .
COG3 COG3INPPS RB2 001010 . o o .
coGaM COG4INPPS RB3 001011 . o
DSM1 low carrier MD1CLPPS RA3 000011 . ° °
DSM1 high carrier | MD1CHPPS RA4 000100 o . .
DSM1 modulation | MD1MODPPS RA5 000101 o . .
DSM2 low carrier MD2CLPPS RC3 010011 ° ° °
DSM2 high carrier | MD2CHPPS RC4 010100 o . .
DSM2 modulation | MD2MODPPS RC5 010101 o . .
DSM3 low carrier MD3CLPPS RB3 001011 ° . . °
DSMS3 high carrier | MD3CHPPS RB4 001100 . o o .
DSM3 modulation | MD3MODPPS RB5 001101 . o o .
DSM4 low carrierl? | MD4CLPPS RBO 001000 . o
DSM4 high carriert! | MD4CHPPS RB1 001001 . o
DSM4 modulation(") | MD4MODPPS RB2 001010 . o
PRG1 set rising PRG1RPPS RA4 000100 . . .
PRG1 set falling PRG1FPPS RA5 000101 o . .
PRG2 set rising PRG2RPPS RC1 010001 o . .
PRG2 set falling PRG2FPPS RC2 010010 o . .
PRGS3 set rising PRG3RPPS RC4 010100 . o o .
PRGS3 set falling PRG3FPPS RC5 010101 . o o .
PRG4 set rising | PRG4RPPS RB1 010100 . o
PRG4set falling!" | PRG4FPPS RB2 010101 . o
ADC trigger ADCACTPPS RB4 001100 . o o .

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

Note 1:

PIC16(L)F1777/9 only
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TABLE 12-1: PPS INPUT REGISTER RESET VALUES (CONTINUED)

Default Pin Reset Value Port Selection Port Selection

Peripheral ;:;:’s'::r Selection (xxxPPS[5:0]) PIC16(L)F1777/9 PIC16(L)F1778
PIC16(L)F1777/8/9 | PIC16(L)F1777/8/9 | A B C D E A B C

SPI and I2C clock SSPCLKPPS RC3 010011 . . . .
SPl and I°C data SSPDATPPS RC4 010100 ° . . °
SPI slave select SSPSSPPS RA5 000101 ° ° ° °
EUSART RX RXPPS RC7 010111 . . . .
EUSART CK CKPPS RC6 010110 . . . .
All CLCs CLCINOPPS RAO 000000 . . ° °
All CLCs CLCIN1PPS RA1 000001 . . . .
All CLCs CLCIN2PPS RB6 001110 . . . .
All CLCs CLCIN3PPS RB7 001111 ° . . °

Example: CCP1PPS = 0x13 selects RC3 as the CCP1 input.
Note 1: PIC16(L)F1777/9 only
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TABLE 12-2:  AVAILABLE PORTS FOR OUTPUT BY PERIPHERAL(?)

PIC16(L)F1778 PIC16(L)F1777/9
RxyPPS[5:0] Output Signal

A B C A B C D E
110001 MD4_out® — . — .
110000 MD3_out ° ° — ° — ° —
101111 MD2_out o ° ° — — ° —
101110 MD1_out . ° . — _ . _
101101 sync_C80UT®) — ° — ° —
101100 sync_C70UT®) — . — o _
101011 sync_C60UT ° ° ° — — — °
101010 sync_C50UT ° ° ° — — ° —
101001 sync_C40UT o ° — ° — ° —
101000 sync_C30UT ° ° — ° — ° -
100111 sync_C20UT ° ° ° — — °
100110 sync_C10UT o ° ° — — ° —
100101 DT ° ° — ° ° — —
100100 TX/CK ° ° — ° ° — _
100011 SDO ° ° — ° ° — —
100010 SDA ° . — . . _ _
100001 sck/scL o . — . . _ _
100000 PWM12_out(® — . — o _
011111 PWM11_out . ° — . _ . _
011110 PWM6_out ° ° ° — — ° —
011101 PWM5_out ° ° ° — ° —
011100 PWM10_out(®) o — o _ _
011011 PWM9_out ° . ° — ° —
011010 PWM4_out ° ° ° — ° —
011001 PWM3_out . . ° — _ .
011000 ccPs_out® — o _ o _
010111 CCP7_out ° ° — ° — ° —
010110 CCP2_out o ° — ° ° — —
010101 CCP1_out ° ° — ° o — —
010100 coG4Dp1:3) . — o _
010011 cogactt3) . — . _
010010 coG4B(1:3) o — _ o
010001 COG4A(13) . . _ _
010000 coa3p o o o _ — o _
001111 coaac" o o o _ _ o _
001110 coaGss B o o — — — .
001101 coG3A o o — . o _ _
001100 coc2p o o — o _ o _
001011 coagzct o . — . — o _
001010 cogzs( o o o °

Note 1: TRIS control is overridden by the peripheral as required.
2: Unsupported peripherals will output a ‘0’.
3: PIC16(L)F1777/9 only.
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TABLE 12-2:  AVAILABLE PORTS FOR OUTPUT BY PERIPHERAL? (CONTINUED)

PIC16(L)F1778 PIC16(L)F1777/9
RxyPPS[5:0] Output Signal
A B C A B (o8 D E
001001 C0G2AM . . ° o
001000 cog1p™ o o o o
000111 cog1c o ° s °
000110 coc1t o . o o
000101 coGg1AM . o o o
000100 LC4_out o o ° °
000011 LC3_out ° ° ° °
000010 LC2_out . . . .
000001 LC1_out o o ° °
000000 LATxy ° o ° ° ° ° ° °

Note 1: TRIS control is overridden by the peripheral as required.
2: Unsupported peripherals will output a ‘0’.
3: PIC16(L)F1777/9 only.
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TABLE 12-3: SUMMARY OF REGISTERS ASSOCIATED WITH THE PPS MODULE
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Register
on page

PPSLOCK = = = = = = — | PPSLOCKED 207
INTPPS — — INTPPS[5:0] 206
TOCKIPPS — — TOCKIPPS[5:0] 206
T1CKIPPS — — T1CKIPPS[5:0] 206
T1GPPS — — T1GPPS[5:0] 206
T3CKIPPS — — T3CKIPPS[5:0] 206
T3GPPS — — T3GPPS[5:0] 206
T5CKIPPS — — T5CKIPPS[5:0] 206
T5GPPS — — T5GPPS[5:0] 206
T2INPPS — — T2INPPS[5:0] 206
T4INPPS — — T4INPPS[5:0] 206
T6INPPS — — T6INPPS[5:0] 206
T8INPPS — — T8INPPS[5:0] 206
CCP1PPS — — CCP1PPS[5:0] 206
CCP2PPS — — CCP2PPS[5:0] 206
CCP7PPS — — CCP7PPS[5:0] 206
ccrepps(! — — CCP8PPS[5:0] 206
COGIN1PPS — — COG1PPS[5:0] 206
COG2INPPS — — COG2PPSI[5:0] 206
COG3INPPS — — COG3PPS[5:0] 206
CcoG4INPPS() — — COG4PPS[5:0] 206
MD1CLPPS — — MD1CLPPS[5:0] 206
MD1CHPPS — — MD1CHPPS[5:0] 206
MD1MODPPS — — MD1MODPPS[5:0] 206
MD2CLPPS — — MD2CLPPS[5:0] 206
MD2CHPPS — — MD2CHPPS[5:0] 206
MD2MODPPS — — MD2MODPPSI[5:0] 206
MD3CLPPS — — MD3CLPPS[5:0] 206
MD3CHPPS — — MD3CHPPS[5:0] 206
MD3MODPPS — — MD3MODPPS[5:0] 206
mMD4cLPPS() — — MD4CLPPS[5:0] 206
MD4CHPPS() — — MD4CHPPS[5:0] 206
MD4aMoDPPS( — — MD4MODPPSI[5:0] 206
PRG1RPPS — — PRG1RPPS[5:0] 206
PRG1FPPS — — PRG1FPPS[5:0] 206
PRG2RPPS — — PRG2RPPS[5:0] 206
PRG2FPPS — — PRG2FPPS[5:0] 206
PRG3RPPS — — PRG3RPPS[5:0] 206
PRG3FPPS — — PRG3FPPS[5:0] 206
PRG4RPPS — — PRG4RPPS[5:0] 206
PRG4FPPS — — PRG4FPPS[5:0] 206
CLC1INOPPS — — CLCINOPPS[5:0] 206
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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 Register
on page
CLC1IN1PPS = = CLCIN1PPS[5:0] 206
CLC1IN2PPS — — CLCIN2PPS[5:0] 206
CLC1IN3PPS — — CLCIN3PPS[5:0] 206
ADCACTPPS — — ADCACTPPSI[5:0] 206
SSPCLKPPS = = SSPCLKPPSI[5:0] 206
SSPDATPPS = = SSPDATPPS[5:0] 206
SSPSSPPS — = SSPSSPPS[5:0] 206
RXPPS — — RXPPS[5:0] 206
CKPPS — — CKPPS[5:0] 206
Legend: — = unimplemented, read as ‘0’. Shaded cells are unused by the PPS module.

Note 1: PIC16(L)F1777/9 only.
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13.0 INTERRUPT-ON-CHANGE

All pins on all ports can be configured to operate as
Interrupt-on-Change (IOC) pins. An interrupt can be
generated by detecting a signal that has either a rising
edge or a falling edge. Any individual pin, or combination
of pins, can be configured to generate an interrupt. The
interrupt-on-change module has the following features:

* Interrupt-on-Change enable (Master Switch)

* Individual pin configuration

+ Rising and falling edge detection

* Individual pin interrupt flags

Figure 13-1 is a block diagram of the IOC module.

13.1 Enabling the Module

To allow individual pins to generate an interrupt, the
IOCIE bit of the INTCON register must be set. If the
IOCIE bit is disabled, the edge detection on the pin will
still occur, but an interrupt will not be generated.

13.2 Individual Pin Configuration

For each pin, a rising edge detector and a falling edge
detector are present. To enable a pin to detect a rising
edge, the associated bit of the IOCxP register is set. To
enable a pin to detect a falling edge, the associated bit
of the IOCxN register is set.

A pin can be configured to detect rising and falling
edges simultaneously by setting the associated bits in
both of the IOCxP and IOCxN registers.

13.3 Interrupt Flags

The bits located in the IOCxF registers are status flags
that correspond to the Interrupt-on-Change pins of each
port. If an expected edge is detected on an appropriately
enabled pin, then the status flag for that pin will be set,
and an interrupt will be generated if the IOCIE bit is set.
The IOCIF bit of the INTCON register reflects the status
of all IOCxF bits.

13.4 Clearing Interrupt Flags

The individual status flags, (IOCxF register bits), can be
cleared by resetting them to zero. If another edge is
detected during this clearing operation, the associated
status flag will be set at the end of the sequence,
regardless of the value actually being written.

In order to ensure that no detected edge is lost while
clearing flags, only AND operations masking out known
changed bits should be performed. The following
sequence is an example of what should be performed.

EXAMPLE 13-1: CLEARING INTERRUPT
FLAGS
(PORTA EXAMPLE)

MOVLW Oxff
XORWEF  IOCAF, W
ANDWE  IOCAF, F

13.5 Operation in Sleep

The Interrupt-on-Change interrupt sequence will wake
the device from Sleep mode, if the IOCIE bit is set.

If an edge is detected while in Sleep mode, the affected
IOCXF register will be updated prior to the first instruction
executed out of Sleep.
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FIGURE 13-1: INTERRUPT-ON-CHANGE BLOCK DIAGRAM (PORTA EXAMPLE)
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13.6 Register Definitions: Interrupt-on-Change Control

REGISTER 13-1: IOCAP: INTERRUPT-ON-CHANGE PORTA 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
IOCAP7 IOCAP6 IOCAP5 IOCAP4 IOCAP3 IOCAP2 IOCAP1 IOCAPO
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 IOCAPI[7:0]: Interrupt-on-Change PORTA Positive Edge Enable bits

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

REGISTER 13-2: IOCAN: INTERRUPT-ON-CHANGE PORTA 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
IOCAN7 IOCANG IOCAN5 IOCAN4 IOCAN3 IOCAN2 IOCAN1 IOCANO
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 IOCAN([7:0]: Interrupt-on-Change PORTA Negative Edge Enable bits

1 = Interrupt-on-Change enabled on the pin for a negative going edge. IOCAFx bit and IOCIF flag will
be set upon detecting an edge.
0 = Interrupt-on-Change disabled for the associated pin.
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REGISTER 13-3: I0CAF: INTERRUPT-ON-CHANGE PORTA 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
IOCAF7 IOCAF6 IOCAF5 IOCAF4 IOCAF3 IOCAF2 IOCAF1 IOCAFO
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 IOCAF[7:0]: Interrupt-on-Change PORTA Flag bits

1 = An enabled change was detected on the associated pin.
Set when IOCAPx = 1 and a rising edge was detected on RAx, or when IOCANXx = 1 and a falling
edge was detected on RAX.

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

REGISTER 13-4: I0CBP: INTERRUPT-ON-CHANGE PORTB 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
I0CBP7 IOCBP6 I0CBP5 IOCBP4 I0CBP3 I0CBP2 IOCBP1 IOCBPO
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 I0OCBPJ[7:0]: Interrupt-on-Change PORTB Positive Edge Enable bits

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

REGISTER 13-5: IOCBN: INTERRUPT-ON-CHANGE PORTB 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
IOCBN7 IOCBNG6 IOCBN5 IOCBN4 IOCBN3 IOCBN2 IOCBN1 IOCBNO
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 IOCBN([7:0]: Interrupt-on-Change PORTB Negative Edge Enable bits

1 = Interrupt-on-Change enabled on the pin for a negative going edge. IOCBFx bit and IOCIF flag will
be set upon detecting an edge.
0 = Interrupt-on-Change disabled for the associated pin.
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REGISTER 13-6: IOCBF: INTERRUPT-ON-CHANGE PORTB 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

IOCBF7 IOCBF6 IOCBF5 IOCBF4 IOCBF3 IOCBF2 IOCBF1 IOCBFO
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 IOCBF[7:0]: Interrupt-on-Change PORTB Flag bits

1 = An enabled change was detected on the associated pin.
Set when IOCBPx = 1 and a rising edge was detected on RBx, or when IOCBNx = 1 and a falling
edge was detected on RBx.

0 = No change was detected, or the user cleared the detected change.
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REGISTER 13-7: I0CCP: 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
IOCCP7 I0CCP6 IOCCP5 I0CCP4 IOCCP3 I0CCP2 IOCCP1 IOCCPO
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 IOCCPJ[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 IOCCNG6 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 IOCCNXx = 1 and a falling
edge was detected on RCx.

0 = No change was detected, or the user cleared the detected change.
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REGISTER 13-10: IOCEP: INTERRUPT-ON-CHANGE PORTE POSITIVE EDGE REGISTER

uU-0 uU-0 U-0 u-0 R/W-0/0 U-0 u-0 u-0
— — — — IOCEP3 — — —
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 7-4 Unimplemented: Read as ‘0’
bit 3 IOCEP3: Interrupt-on-Change PORTE Positive Edge Enable bits

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

0 = Interrupt-on-Change disabled for the associated pin.
bit 2-0 Unimplemented: Read as ‘0’

REGISTER 13-11: IOCEN: INTERRUPT-ON-CHANGE PORTE NEGATIVE EDGE REGISTER

uU-0 uU-0 u-0 uU-0 R/W-0/0 u-0 U-0 uU-0
— — — — IOCEN3 — — —
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 7-4 Unimplemented: Read as ‘0’
bit 3 IOCENS3: Interrupt-on-Change PORTE Negative Edge Enable bits

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

0 = Interrupt-on-Change disabled for the associated pin.
bit 2-0 Unimplemented: Read as ‘0’
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REGISTER 13-12: IOCEF: INTERRUPT-ON-CHANGE PORTE FLAG REGISTER

u-0 uU-0 uU-0 uU-0 R/W/HS-0/0 uU-0 u-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 REXx.

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 Bito | Hedister

on Page
ANSELA — — ANSA5 ANSA4 ANSA3 ANSA2 ANSA1 ANSAO0 178
ANSELB — — ANSB5 ANSB4 ANSB3 ANSB2 ANSB1 ANSBO 183
ANSELC ANSC7 ANSC6 ANSC5 ANSC4 ANSC3 ANSC2 — — 188
INTCON GIE PEIE TMROIE INTE I0CIE TMROIF INTF IOCIF 133
IOCAF IOCAF7 IOCAF6 IOCAF5 IOCAF4 IOCAF3 IOCAF2 IOCAF1 IOCAFO 217
IOCAN IOCAN7 IOCANG IOCAN5 IOCAN4 IOCAN3 IOCAN2 IOCAN1 IOCANO 216
IOCAP IOCAP7 IOCAP6 IOCAP5 IOCAP4 IOCAP3 IOCAP2 IOCAP1 IOCAPO 216
I0OCBF IOCBF7 IOCBF6 IOCBF5 IOCBF4 IOCBF3 IOCBF2 IOCBF1 IOCBFO 218
IOCBN IOCBN7 IOCBN6 IOCBN5 I0CBN4 IOCBN3 I0CBN2 IOCBN1 I0CBNO 217
I0CBP I0CBP7 I0CBP6 I0CBP5 I0CBP4 I0CBP3 10CBP2 I0CBP1 10CBPO 217
IOCCF IOCCF7 IOCCF6 IOCCF5 IOCCF4 IOCCF3 I0CCF2 IOCCF1 I0CCFO0 219
IOCCN IOCCN7 IOCCNG6 IOCCN5 IOCCN4 IOCCN3 I0OCCN2 IOCCN1 IOCCNO 219
IOCCP IOCCP7 IOCCP6 IOCCP5 | 10CCP4 IOCCP3 | 10CCP2 IOCCP1 I0CCPO 219
IOCEP — — — — IOCEP3 — — — 220
IOCEN — — — — IOCEN3 — — — 220
IOCEF — — — — IOCEF3 — — — 221
TRISA TRISA7 TRISA6 TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISAO 177
TRISB TRISB7 TRISB6 TRISBS TRISB4 TRISB3 TRISB2 TRISB1 TRISBO 182
TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISCO 187
TRISE — — — — — | TRISE2@ | TRISE1® | TRISEO®@ 200
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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14.0 FIXED VOLTAGE REFERENCE
(FVR)

The Fixed Voltage Reference, or FVR, is a stable
voltage reference, independent of VDD, with 1.024V,
2.048V or 4.096V selectable output levels. The output
of the FVR can be configured to supply a reference
voltage to the following:

« ADC input channel

» ADC positive reference

» Comparator positive input

« Digital-to-Analog Converter (DAC)

The FVR can be enabled by setting the FVREN bit of
the FVRCON register.

14.1 Independent Gain Amplifiers

The output of the FVR supplied to the ADC,
Comparators, and DAC is routed through two
independent programmable gain amplifiers. Each
amplifier can be programmed for a gain of 1x, 2x or 4x,
to produce the three possible voltage levels.

The ADFVR[1:0] bits of the FVRCON register are used
to enable and configure the gain amplifier settings for
the reference supplied to the ADC module. Reference
Section 16.0 “Analog-to-Digital Converter (ADC)
Module” for additional information.

The CDAFVRI[1:0] bits of the FVRCON register are
used to enable and configure the gain amplifier settings
for the reference supplied to the DAC and comparator
module. Reference Section 17.0 “5-Bit Digi-
tal-to-Analog Converter (DAC) Module” and
Section 19.0 “Comparator Module” for additional
information.

14.2 FVR Stabilization Period

When the Fixed Voltage Reference module is enabled, it
requires time for the reference and amplifier circuits to
stabilize. Once the circuits stabilize and are ready for use,
the FVRRDY bit of the FVRCON register will be set. See
Figure 38-77: FVR Stabilization Period,
PIC16LF1777/8/9 Only.

14.3 FVR Buffer Stabilization Period

When either FVR Buffer1 or Buffer2 is enabled then the
buffer amplifier circuits require 30 us to stabilize.This
stabilization time is required even when the FVR is
already operating and stable.
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FIGURE 14-1: VOLTAGE REFERENCE BLOCK DIAGRAM
ADFVR[1:0] 5
X1
— X2 ADFVR
x4 (To ADC Module)

CDATFVR[1:0] —57——
X1
— x2 CDA1FVR
x4

(To Comparators, DAC)

CDA2FVR[1:0] —57—
x1
L» CDA2FVR
x4

(To Comparators, DAC)

HFINTOSC Enable ———————
L» HFINTOSC

P ToBOR, LDO

FVREN FVRRDY

Any peripheral requiring the
Fixed Reference =
(See Table 14-1)

TABLE 14-1: PERIPHERALS REQUIRING THE FIXED VOLTAGE REFERENCE (FVR)

Peripheral Conditions Description

HFINTOSC FOSC[2:0] =100 and INTOSC is active and device is not in Sleep
IRCF[3:0] # 000x
BOREN[1:0] =11 BOR always enabled

BOR BOREN[1:0] =10 and BORFS =1 BOR disabled in Sleep mode, BOR Fast Start enabled
BOREN[1:0] = 01 and BORFS =1 BOR under software control, BOR Fast Start enabled

LDO All PIC16F1777/8/9 devices, when The device runs off of the ULP regulator when in Sleep mode
VREGPM = 1 and not in Sleep
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14.4 Register Definitions: FVR Control

REGISTER 14-1: FVRCON: FIXED VOLTAGE REFERENCE CONTROL REGISTER

R/W-0/0 R-a/q R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
FVREN FVRRDY(" | TSENG®) | TSRNG(®) CDAFVR[1:0] \ ADFVRI[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 g = Value depends on condition
bit 7 FVREN: Fixed Voltage Reference Enable bit

1 = Fixed Voltage Reference is enabled
0 = Fixed Voltage Reference is disabled
bit 6 FVRRDY: Fixed Voltage Reference Ready Flag bit(")
1 = Fixed Voltage Reference output is ready for use
0 = Fixed Voltage Reference output is not ready or not enabled
bit 5 TSEN: Temperature Indicator Enable bit(3)
1 = Temperature Indicator is enabled
0 = Temperature Indicator is disabled
bit 4 TSRNG: Temperature Indicator Range Selection bit(3)
1 = Vout = VDD - 4VT (High Range)
0 = VouT = VDD - 2VT (Low Range)
bit 3-2 CDAFVR[1:0]: Comparator/DAC FVR Buffer Gain Selection bits
11 = Comparator/DAC FVR Buffer Gain is 4x, with output VCDAFVR = 4x VFVR(®
10 = Comparator/DAC FVR Buffer Gain is 2x, with output VCDAFVR = 2x VFVR®
01 = Comparator/DAC FVR Buffer Gain is 1x, with output VCDAFVR = 1x VFVR
00 = Comparator/DAC FVR Buffer is off
bit 1-0 ADFVR[1:0]: ADC FVR Buffer Gain Selection bits
11 = ADC FVR Buffer Gain is 4x, with output VADFVR = 4x VFVR(®
10 = ADC FVR Buffer Gain is 2x, with output VADFVR = 2x VFVR®®)
01 = ADC FVR Buffer Gain is 1x, with output VADFVR = 1x VFVR
00 = ADC FVR Buffer is off

Note 1: FVRRDY is always ‘1’ on PIC16F1777/8/9 only.
2: Fixed Voltage Reference output cannot exceed VDD.
3: See Section 15.0 “Temperature Indicator Module” for additional information.

TABLE 14-2: SUMMARY OF REGISTERS ASSOCIATED WITH FIXED VOLTAGE REFERENCE

Name Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | Register
on page
FVRCON FVREN | FVRRDY | TSEN | TSRNG CDAFVR[1:0] ADFVR[1:0] 224

Legend: Shaded cells are not used with the Fixed Voltage Reference.
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15.0 TEMPERATURE INDICATOR
MODULE

This family of devices is equipped with a temperature
circuit designed to measure the operating temperature
of the silicon die. The circuit's range of operating
temperature falls between -40°C and +85°C. The
output is a voltage that is proportional to the device
temperature. The output of the temperature indicator is
internally connected to the device ADC.

The circuit may be used as a temperature threshold
detector or a more accurate temperature indicator,
depending on the level of calibration performed. A one-
point calibration allows the circuit to indicate a
temperature closely surrounding that point. A two-point
calibration allows the circuit to sense the entire range
of temperature more accurately. Reference Application
Note AN1333, “Use and Calibration of the Internal
Temperature Indicator” (DS01333) for more details
regarding the calibration process.

15.1 Circuit Operation

Figure 15-1 shows a simplified block diagram of the
temperature circuit. The proportional voltage output is
achieved by measuring the forward voltage drop across
multiple silicon junctions.

Equation 15-1 describes the output characteristics of
the temperature indicator.

EQUATION 15-1: Vout RANGES

High Range: VOUT = VDD - 4VT

Low Range: VOUT = VDD - 2VT

The temperature sense circuit is integrated with the
Fixed Voltage Reference (FVR) module. See
Section 14.0 “Fixed Voltage Reference (FVR)” for
more information.

The circuit is enabled by setting the TSEN bit of the
FVRCON register. When disabled, the circuit draws no
current.

The circuit operates in either high or low range. The high
range, selected by setting the TSRNG bit of the
FVRCON register, provides a wider output voltage. This
provides more resolution over the temperature range,
but may be less consistent from part to part. This range
requires a higher bias voltage to operate and thus, a
higher VDD is needed.

The low range is selected by clearing the TSRNG bit of
the FVRCON register. The low range generates a lower
voltage drop and thus, a lower bias voltage is needed to
operate the circuit. The low range is provided for low
voltage operation.

FIGURE 15-1: TEMPERATURE CIRCUIT

DIAGRAM

Rev. 10-000069A
713112013

VDD

}7 TSEN

TSRNG

- To ADC
Temp. Indicator

15.2 Minimum Operating VDD

When the temperature circuit is operated in low range,
the device may be operated at any operating voltage
that is within specifications.

When the temperature circuit is operated in high range,
the device operating voltage, VDD, must be high
enough to ensure that the temperature circuit is
correctly biased.

Table 15-1 shows the recommended minimum VDD vs.
range setting.

TABLE 15-1: RECOMMENDED VbbD VS.
RANGE

Min. Vbp, TSRNG =1 Min. Vbb, TSRNG = 0

3.6V 1.8V

15.3 Temperature Output

The output of the circuit is measured using the internal
Analog-to-Digital Converter. A channel is reserved for
the temperature circuit output. Refer to Section 16.0
“Analog-to-Digital Converter (ADC) Module” for
detailed information.

© 2015-2020 Microchip Technology Inc.
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15.4 ADC Acquisition Time

To ensure accurate temperature measurements, the
user must wait at least 200 pus after the ADC input
multiplexer is connected to the temperature indicator
output before the conversion is performed. In addition,
the user must wait 200 us between sequential
conversions of the temperature indicator output.

TABLE 15-2: SUMMARY OF REGISTERS ASSOCIATED WITH THE TEMPERATURE INDICATOR

Name Bit 7 Bit 6 Bit5 | Bit4 | Bit3 Bit 2 Bit 1 Bito | Redister
on page
FVRCON | FVREN |FVRRDY | TSEN | TSRNG CDFVR[1:0] ADFVR[1:0] 224

Legend: Shaded cells are unused by the temperature indicator module.

DS40001819D-page 226 © 2015-2020 Microchip Technology Inc.



PIC16(L)F1777/8/9

16.0 ANALOG-TO-DIGITAL
CONVERTER (ADC) MODULE

The Analog-to-Digital Converter (ADC) allows
conversion of an analog input signal to a 10-bit binary
representation of that signal. This device uses analog
inputs, which are multiplexed into a single sample and
hold circuit. The output of the sample and hold is
connected to the input of the converter. The converter
generates a 10-bit binary result via successive
approximation and stores the conversion result into the
ADC result registers (ADRESH:ADRESL register pair).
Figure 16-1 shows the block diagram of the ADC.

The ADC voltage reference is software selectable to be
either internally generated or externally supplied.

The ADC can generate an interrupt upon completion of
a conversion. This interrupt can be used to wake-up the
device from Sleep.

FIGURE 16-1: ADC BLOCK DIAGRAM
VDD —— ADPREF<1:0> e 100000008
Positive
VDD Reference
RESERVED ----------------1 Select
VREF+ pin
FVR BUFFER ADNREF
Negative
VREF- pin Reference
Select
ADCS<2:0>
ANO L Vss
ANa VRNEG VRPOS
External F
Fosc/n| Fosc
~— sampled ADC_clk Clock
ANz E input Select  FRc Erc
Internal Temp Indicator
Channel DACx_output ADC CLOCK SOURCE
Inputs FVR_buffert ADC
Sample Circuit
CHS<4:0>
ADFM
set bit ADIF
let 10 10-bit Result
Write to bit [ compiete ot Resu
GODONE g7~ GO/DONE o
> 4 start
Q4 A
Q2 ‘ ADRESH ADRESL ‘
Enable
) Trigger Select
TRIGSEL<5:0> — ADON %!L
‘ ‘ B ‘ ‘ | Vss
Trigger Sources -
AUTO CONVERSION
TRIGGER

© 2015-2020 Microchip Technology Inc.

DS40001819D-page 227




PIC16(L)F1777/8/9

16.1 ADC Configuration

When configuring and using the ADC the following
functions must be considered:

» Port configuration

» Channel selection

» ADC voltage reference selection

» ADC conversion clock source

* Interrupt control

* Result formatting

16.1.1 PORT CONFIGURATION

The ADC can be used to convert both analog and
digital signals. When converting analog signals, the I/O
pin should be configured for analog by setting the
associated TRIS and ANSEL bits. Refer to
Section 11.0 “I/O Ports” for more information.

Note:  Analog voltages on any pin that is defined
as a digital input may cause the input
buffer to conduct excess current.

16.1.2 CHANNEL SELECTION

There are up to 27 channel selections available:
* AN[4:0] pins (PIC16(L)F1778 only)

* AN[11:8] pins (PIC16(L)F1778 only)

* AN[27:0] pins (PIC16(L)F1777/9 only)

* Temperature Indicator

* DAC1_output and DAC3_output

* DAC2_output and DAC4_output
(PIC16(L)F1777/9 only)

* FVR buffer1
The CHS bits of the ADCONQO register (Register 16-1)

determine which channel is connected to the sample
and hold circuit.

When changing channels, a delay is required before
starting the next conversion. Refer to Section 16.2
“ADC Operation” for more information.

16.1.3 ADC POSITIVE VOLTAGE
REFERENCE

The ADPREF bits of the ADCON1 register provide

control of the positive voltage reference. The positive

voltage reference can be:

* VREF+ pin

* VDD

* FVR 2.048V

* FVR 4.096V (Not available on LF devices)

* Vss

See Section 16.0 “Analog-to-Digital Converter

(ADC) Module” for more details on the Fixed Voltage
Reference.

16.1.4 ADC NEGATIVE VOLTAGE
REFERENCE

The ADNREF bit of the ADCON1 register provides

control of the negative voltage reference. The negative

voltage reference can be:

¢ VREF- pin

* Vss

16.1.5 CONVERSION CLOCK

The source of the conversion clock is software select-
able via the ADCS bits of the ADCON1 register. There
are seven possible clock options:

» Fosc/2

» Fosc/4

» Fosc/8

» Fosc/16

» Fosc/32

» Fosc/64

* FRC (internal RC oscillator)

The time to complete one bit conversion is defined as

TAD. One full 10-bit conversion requires 11.5 TAD
periods as shown in Figure 16-2.

For correct conversion, the appropriate TAD specification
must be met. Refer to Table 36-16: ADC Conversion
Requirements for more information. Table 16-1 gives
examples of appropriate ADC clock selections.

Note:  Unless using the FRC, any changes in the
system clock frequency will change the
ADC clock frequency, which may

adversely affect the ADC result.
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TABLE 16-1: ADC CLOCK PERIOD (TAD) Vs. DEVICE OPERATING FREQUENCIES

ADC Clock Period (TAD) Device Frequency (Fosc)
ADC
Clock Source | ADCSI2:0] 32 MHz 20 MHz 16 MHz 8 MHz 4 MHz 1 MHz
Fosc/2 000 62.5ns(? 100 ns@ 125 ns@ 250 ns(@ 500 ns(? 2.0 us
Fosc/4 100 125 ns® 200 ns® 250 ns® 500 ns(® 1.0 s 4.0 ps
Fosc/8 001 0.5 us® 400 ns® 0.5 ps@ 1.0 ps 2.0 s 8.0 us®
Fosc/16 101 800 ns 800 ns 1.0 us 2.0 us 4.0 us 16.0 pus®
Fosc/32 010 1.0 us 1.6 us 2.0 s 4.0 ps 8.0 us® 32.0 us@
Fosc/64 110 2.0 us 32us 4.0 us 8.0 ps® 16.0 ps@ 64.0 ps@
FRC x11 1.0-6.0 ps™¥ | 1.0-6.0 us™¥ | 1.0-6.0 us"¥ | 1.0-6.0 us®* | 1.0-6.0 us(™¥ | 1.0-6.0 st

Legend: Shaded cells are outside of recommended range.
Note 1: See TAD parameter for FRC source typical TAD value.
2: These values violate the required TAD time.
3: Outside the recommended TAD time.
4: The ADC clock period (TAD) and total ADC conversion time can be minimized when the ADC clock is derived from the
system clock Fosc. However, the FRC oscillator source must be used when conversions are to be performed with the
device in Sleep mode.

FIGURE 16-2: ANALOG-TO-DIGITAL CONVERSION Tap CYCLES

Rev. 10-000035A
713012013

TAD3 ‘ TAD4 TAD5 | TADG TAD7 | TAD8 ‘ TAD9 | TAD10 ‘ TAD11 ‘

‘ TAD1 ‘ TAD2
: ‘ ‘ ‘ b9 ‘ b8 b7 b6 b5 b4 b3 b2 b1 b0
THCD
Conversion Starts
Taca Holding capacitor disconnected On the following cycle:
from analog input (THCD).
ADRESH:ADRESL is loaded,
) GO bit is cleared,
Set GO bit ADIF bit is set,
holding capacitor is reconnected to analog input.
E

nable ADC (ADON bit)
and
Select channel (ACS bits)
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16.1.6 INTERRUPTS

The ADC module allows for the ability to generate an
interrupt upon completion of an Analog-to-Digital
conversion. The ADC Interrupt Flag is the ADIF bit in
the PIR1 register. The ADC Interrupt Enable is the
ADIE bit in the PIE1 register. The ADIF bit must be
cleared in software.

Note 1: The ADIF bit is set at the completion of
every conversion, regardless of whether
or not the ADC interrupt is enabled.

2: The ADC operates during Sleep only

when the FRC oscillator is selected.

This interrupt can be generated while the device is
operating or while in Sleep. If the device is in Sleep, the
interrupt will wake-up the device. Upon waking from
Sleep, the next instruction following the SLEEP
instruction is always executed. If the user is attempting
to wake-up from Sleep and resume in-line code
execution, the ADIE bit of the PIE1 register and the
PEIE bit of the INTCON register must both be set and
the GIE bit of the INTCON register must be cleared. If
all three of these bits are set, the execution will switch
to the Interrupt Service Routine.

FIGURE 16-3:

16.1.7 RESULT FORMATTING

The 10-bit ADC conversion result can be supplied in
two formats, left justified or right justified. The ADFM bit
of the ADCON1 register controls the output format.

Figure 16-3 shows the two output formats.

10-BIT ADC CONVERSION RESULT FORMAT

Rev. 10-000 054A
12121/2016

ADRESH ADRESL
worm=oyfmso] [ [ | | | [ [ [ fuof [ | | [ [ |
\bit7 bit 7 AL bitOJ
Y Y
10-bit ADC Result Unimplemented: Read as ‘0’
worm=u)f [ [ [ [ ] fwsf [ [ [ [ [ | | [ [so]
\bit7 AL bit 7 bitOJ

~

Unimplemented: Read as ‘0’

Y
10-bit ADC Result
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16.2 ADC Operation

16.2.1 STARTING A CONVERSION

To enable the ADC module, the ADON bit of the
ADCONQO register must be set to a ‘1’. Setting the
GO/DONE bit of the ADCONO register to a ‘1’ will start
the Analog-to-Digital conversion.

Note:  The GO/DONE bit should not be set in the
same instruction that turns on the ADC.
Refer to Section 16.2.6 “ADC Conver-
sion Procedure”.

16.2.2 COMPLETION OF A CONVERSION
When the conversion is complete, the ADC module will:
* Clear the GO/DONE bit

16.2.5 AUTO-CONVERSION TRIGGER

The Auto-conversion Trigger allows periodic ADC mea-
surements without software intervention. When a rising
edge of the selected source occurs, the GO/DONE bit

is set by hardware.

The Auto-conversion Trigger source is selected with
the TRIGSEL[5:0] bits of the ADCON2 register.

Using the Auto-conversion Trigger does not assure
proper ADC timing. It is the user’s responsibility to
ensure that the ADC timing requirements are met.

See Table 16-2 for auto-conversion sources.

TABLE 16-2: AUTO-CONVERSION
SOURCES

Source Peripheral

Signal Name

« Set the ADIF Interrupt Flag bit CcP1 CCP1_trigger
+ Update the ADRESH and ADRESL registers with ccp2 CCP2_trigger
new conversion result CCP7 CCP7_trigger
ccps CCP8_trigger
16.2.3 TERMINATING A CONVERSION Timero T0_overflow
If a conversion must be terminated before completion, Timer1 T1_overflow
the GO/DONE bit can be cleared in software. The Timer3 T3_overflow
ADRESH and ADRESL registers will be updated with -
the partially complete Analog-to-Digital conversion Timerd To_overflow
sample. Incomplete bits will match the last bit Timer2 T2_postscaled
converted. Timer4 T4_postscaled
Note:  Adevice Reset forces all registers to their Timer6 T6_postscaled
Reset state. Thus, the ADC module is Timer8 T8_postscaled
turned off and any pending conversion is Comparator C1 sync_C10UT
terminated. Comparator C2 sync_C20UT
Comparator C3 sync_C30UT
16.2.4 ADC OPERATION DURING SLEEP Comparator C4 sync_C40UT
The ADC module can operate during Sleep. This Comparator C5 sync_C50UT
requires the ADC clock source to be set to the FRC Comparator C6 sync_C60UT
option. When the FRC oscillator source is selected, the Comparator C7(1 sync_ C70UT
ADC waits one additional instruction before starting the =
conversion. This allows the SLEEP instruction to be Comparator C8(") sync_C80UT
executed, which can reduce system noise during the CLC1 LC1_out
conversion. If the ADC interrupt is enabled, the device CLC2 LC2_out
will wake-up from Sleep when the conversion CcLC3 LC3_out
completes. If the ADC interrupt is disabled, the ADC cLCa LC4 out
module is turned off after the conversion completes, =
although the ADON bit remains set. PWM3 PWM3OUT
When the ADC clock source is something other than P4 PWM40UT
FRC, a SLEEP instruction causes the present conver- PWM9 PWMIOUT
sion to be aborted and the ADC module is turned off, PWM9 PR/PH/OF/DC9_match
although the ADON bit remains set. PWM5 PR/PH/OF/DC5_match
PWM6 PR/PH/OF/DC6_match
PwM10() PR/PH/OF/DC10_match
PWM11 PR/PH/OF/DC11_match
PwmM12(1) PR/PH/OF/DC12_match
ADCACT ADCACTPPS Pin

Note 1: PIC16(L)F1777/9 only.
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16.2.6 ADC CONVERSION PROCEDURE EXAMPLE 16-1: ADC CONVERSION
This is an example procedure for using the ADC to ;This code block configures the ADC
perform an Analog-to-Digital conversion: ;for polling, Vdd and Vss references, FRC
1 Configure Port: ;oscillator and ANO input.
+ Disable pin output driver (refer to the TRIS ;Conversion start & polling for completion
register) ; are included.
» Configure pin as analog (refer to the ANSEL ;
register) BANKSEL  ADCON1 ;
. . MOVLW B’11110000’ ;Right justify, FRC
» Disable weak pull-ups either globally (refer to -oszillitor v
the OPTION_REG rgglster) orlndl\(ldually MOVWE ADCONT :vdd and Vss Vref
(refer to the appropriate WPUXx register) BANKSEL  TRISA ;
2. Configure the ADC module: BSF TRISA, 0 ;Set RAO to input
+ Select ADC conversion clock BANKSEL ~ ANSEL i
. BSF ANSEL, 0 ;Set RAO to analog
+ Configure voltage reference BANKSEL  WPUA
» Select ADC input channel BCF WPUA, 0 ;Disable weak
¢ Turn on ADC module ;pull-up on RAO
i . . BANKSEL  ADCONO ;
3. Configure ADC interrupt (optional): MOVLW B’ 00000001’ ;Select channel ANO
» Clear ADC interrupt flag MOVWE ADCONO ;Turn ADC On
« Enable ADC interrupt CALL SampleTime ;Acquisiton delay
« Enable peripheral interrupt BSF ADCONO, ADGO ;Start conversion
. ) BTFSC ADCONOQO,ADGO ;Is conversion done?
« Enable global interrupt GOTO $-1 ;No, test again
4. Wait the required acquisition time(@). BANKSEL  ADRESH ;
5. Start conversion by setting the GO/DONE bit. MOVE ADRESH, W jRead upper 2 Dbits
. . MOVWFE RESULTHI ;store in GPR space
6. Wait for ADC conversion to complete by one of BANKSEL  ADRESL .
the following: MOVF ADRESL, W ;Read lower 8 bits
* Polling the GO/DONE bit MOVWF RESULTLO ;Store in GPR space

» Waiting for the ADC interrupt (interrupts
enabled)
7. Read ADC Result.
8. Clear the ADC interrupt flag (required if interrupt
is enabled).

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

2: Refer to Section 16.4 “ADC Acquisi-
tion Requirements”.
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16.3 Register Definitions: ADC Control

REGISTER 16-1:

ADCONO: ADC CONTROL REGISTER 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 R/W-0/0
CHS[5:0] GO/DONE ADON
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 7-2

CHS[5:0]: Analog Channel Select bits

111111 = FVR (Fixed Voltage Reference) Buffer 1 Output(z)

111110 = DAC1_output("
111101 = Temperature Indicator®
111100 = DAC2_output("

111011 = DAC3_output®
111010 = DAC4_output(4)

111001 = DACS5_output®

111000 = DAC6_output(46)
110111 = DAC7_output®

110110 = DAC8_output(*®)

110101 = Reserved. No channel connected.

110010 = Switched AN18(9)

110001 = Reserved. No channel connected.

101011 = Reserved. No channel connected.

101010 = Switched AN10(9)

101001 = Reserved. No channel connected.

100010 = Reserved. No channel connected.

100001 = Switched AN1(3)

011100 = Reserved. No channel connected.

011011 = AN27(®
011010 = AN26®)
011001 = AN25(®)
011000 = AN24(®)
010111 =AN23®
010110 = AN22(®
010101 =AN21®
010100 = AN20(®)
010011 =AN19
010010 =AN18
010001 = AN17
010000 =AN16
001111 =AN15
001110 =AN14
001101 =AN13
001100 =AN12
001011 = ANT1
001010 =AN10
001001 =AN9
001000 = AN8
000111 = AN7(®
000110 = AN6(®
000101 = AN5(®
000100 = AN4
000011 =AN3
000010 = AN2
000001 =AN1
000000 =ANO

© 2015-2020 Microchip Technology Inc.
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REGISTER 16-1: ADCONO: ADC CONTROL REGISTER 0 (CONTINUED)

bit 1 GO/DONE: ADC Conversion Status bit
1 = ADC conversion cycle in progress. Setting this bit starts an ADC conversion cycle.
This bit is automatically cleared by hardware when the ADC conversion has completed.
0 = ADC conversion completed/not in progress

bit 0 ADON: ADC Enable bit
1 =ADC is enabled
0 = ADC is disabled and consumes no operating current

Note See Section 17.0 “5-Bit Digital-to-Analog Converter (DAC) Module” for more information.

See Section 14.0 “Fixed Voltage Reference (FVR)” for more information.

See Section 15.0 “Temperature Indicator Module” for more information.

See Section 18.0 “10-bit Digital-to-Analog Converter (DAC) Module” for more information.

Input source is switched off when op amp override is forcing tri-state. See Section 29.3 “Override Control”
PIC16(L)F1777/9 only.

oarwh=2
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REGISTER 16-2: ADCON1: ADC CONTROL REGISTER 1

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 uU-0 R/W-0/0 R/W-0/0 R/W-0/0
ADFM ADCSJ2:0] — ADNREF ADPREF[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 ADFM: ADC Result Format Select bit
1 = Right justified. Six Most Significant bits of ADRESH are set to ‘0’ when the conversion result is
loaded.
0 = Left justified. Six Least Significant bits of ADRESL are set to ‘0’ when the conversion result is
loaded.
bit 6-4 ADCS[2:0]: ADC Conversion Clock Select bits

111 = FRC (clock supplied from an internal RC oscillator)
110 = Fosc/64

101 = Fosc/16

100 = Fosc/4

011 = FRC (clock supplied from an internal RC oscillator)
010 = Fosc/32

001 = Fosc/8
000 = Fosc/2
bit 3 Unimplemented: Read as ‘0’
bit 2 ADNREF: ADC Negative Voltage Reference Configuration bit

1= VREF-is connected to external VREF- pin
0 = VREF- is connected to Vss

bit 1-0 ADPREF[1:0]: ADC Positive Voltage Reference Configuration bits
11 = VREF+ is connected to internal Fixed Voltage Reference (FVR) module(!)
10 = VREF+ is connected to external VREF+ pin(1)
01 = Reserved
00 = VREF+ is connected to VDD

Note 1: When selecting the VREF+ pin as the source of the positive reference, be aware that a minimum voltage
specification exists. See Table 36-16: ADC Conversion Requirements for details.
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REGISTER 16-3: ADCON2: ADC CONTROL REGISTER 2

U-0 U-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
_ | _ TRIGSEL[5:0]"
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 7-6
bit 5-0

Note 1:
2:

Unimplemented: Read as ‘0’

TRIGSEL[5:0]: Auto-Conversion Trigger Selection bits(!)
101101 = PWM12 — OF12_match®
101100 = PWM12 — PH12_match(®
101011 = PWM12 — PR12_match(@
101010 = PWM12 — DC12_match(®

101001 = PWM11 — OF11_match
101000 = PWM11 — PH11_match
100111 = PWM11 — PR11_match

100110 = PWM11 — DC11_match

100101 = PWM6 — OF6_match
100100 = PWM6 — PH6_match
100011 = PWM6 — PR6_match
100010 = PWM6 — DC6_match
100001 = PWM5 — PH5_match
100000 = PWM5 — PH5_match
011111 = PWMS5 — PH5_match
011110 = PWM5 — PH5_match

011101 = PWM10 — PWM100UT(?)

011100 = PWM9 — PWMOOUT
011011 = PWM4 — PWM40OUT
011010 = PWM3 — PWM3OUT

011001 = CCP8 — CCP8_trigger(®

011000 = CCP7 — CCP7_trigger
010111 = CCP2 — CCP2_trigger
010110 = CCP1 — CCP1_trigger
010101 = CLC4 —LC4_out
010100 = CLC3 - LC3_out
010011 =CLC2 - LC2_out
010010 = CLC1—-LC1_out

010001 = Comparator C8 — sync_C80UT)
010000 = Comparator C7 — sync_C7OUT‘2)

001111 = Comparator C6 — sync_C60UT
001110 = Comparator C5 — sync_C50UT
001101 = Comparator C4 — sync_C40UT
001100 = Comparator C3 — sync_C30UT
001011 = Comparator C2 — sync_C20UT
001010 = Comparator C1 —sync_C10UT

001001 = Timer8 — T8_postscaled
001000 =Timer6 — T6_postscaled

000111 = Timer5 — T5_overflow

000110 = Timer4 — T4_postscaled

000101 =Timer3 — T3_overflow

000100 = Timer2 — T2_postscaled

000011 = Timer1 — T1_overflow
000010 = Timer0 — TO_overflow

000001 =ADCACT — ADCACTPPS Pin

000000 = No Auto-conversion Trigger selected

This is a rising edge sensitive input for all sources.
PIC16(L)F1777/9 only.
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REGISTER 16-4: ADRESH: ADC RESULT REGISTER HIGH (ADRESH) ADFM = 0

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
ADRES[9:2]

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 ADRES[9:2]: ADC Result Register bits

Upper eight bits of 10-bit conversion result

REGISTER 16-5: ADRESL: ADC RESULT REGISTER LOW (ADRESL) ADFM = 0

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
ADRESI[1:0] | = — - | = 1T = —
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 ADRES[1:0]: ADC Result Register bits
Lower two bits of 10-bit conversion result
bit 5-0 Reserved: Do not use.
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REGISTER 16-6:

ADRESH: ADC RESULT REGISTER HIGH (ADRESH) ADFM =1

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
— — — — - | = ] ADRES[9:8]
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’ = Bit is set ‘0’ = Bit is cleared
bit 7-2 Reserved: Do not use.
bit 1-0 ADRES[9:8]: ADC Result Register bits

REGISTER 16-7:

Upper two bits of 10-bit conversion result

ADRESL: ADC RESULT REGISTER LOW (ADRESL) ADFM = 1

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
ADRES[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 Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-0 ADRES][7:0]: ADC Result Register bits

Lower eight bits of 10-bit conversion result
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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 CHoOLD. The sampling switch (RsS)

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.

impedance varies over the device voltage (VDD), refer
to Figure 16-4. The maximum recommended
impedance for analog sources is 10 kQ. As the

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

Assumptions: Temperature = 50°C and external impedance of 10k 5.0V VDD

TacQ = Amplifier Settling Time + Hold Capacitor Charging Time + Temperature Coefficient
= Tamp + TC + TCOFF
= 2us + TC + [(Temperature - 25°C)(0.05us/°C)]

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

]

T ;[1] VCHOLD charged to within 1/2 Isb
n

) = VcHoLD

VAPPLIED(I -
)—1

(2

—Ic
1 - =7
APPLIED| I — € = VCHOLD ;[2] VCHOLD charge response to VAPPLIED

—T

VAPPL[ED[] - eRC ;) ;combining [1] and [2]

= VAPPLIED(] — —
2" -1

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

Solving for TC:

Tc = —CuoLp(RIC + RSS + RS) In(1/2047)
= —I0pF(1k2+ 7kQ+ 10k) In(0.0004885)
= 1.37us
Therefore:
TACO = 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.
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FIGURE 16-4:

ANALOG INPUT MODEL

Legend: CHoLD

CPIN = Input Capacitance

various junctions

= Sample/Hold Capacitance

iI—e

| LEAKAGE = Leakage current at the pin due to

VDD
Analog Sampling
Input VT~ 0.6V , Switch
Rs '+ PN Ric<1k '+ SS Rss
l o AVA‘IAT —
. cpN L 1
. BoF T vr~06v( D) Leakace(" CHoLD = 10 pF
= . Ref-

Ric = Interconnect Resistance
Rss = Resistance of Sampling Switch
SS = Sampling Switch
VT = Threshold Voltage
Note 1: Refer to Table 36-4: /O Ports (parameter D060).

567891011
Sampling Switch
(kQ)

FIGURE 16-5:

ADC TRANSFER FUNCTION

Full-Scale Range

3FFh
3FEh
3FDh
3FCh
3FBh

ADC Output Code
D))

03h
02h
01h |
00h

44 ‘<— 0.5LSB
Ref- Zero-Scale

Transition

Full-Scale
Transition —

> Analog Input Voltage
l«— 1.5LSB

Ref+
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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 0 ':::gpiz;e;
ADCONO CHS[5:0] GO/DONE | ADON 233
ADCON1 ADFM ADCSJ[2:0] — ADNREF ADPREF[1:0] 235
ADCON2 — — TRIGSEL[5:0] 236
ADRESH ADC Result Register High 237,238
ADRESL ADC Result Register Low 237, 238
ANSELA — — ANSA5 ANSA4 ANSA3 ANSA2 ANSA1 ANSAO 178
ANSELB — — ANSB5 ANSB4 ANSB3 ANSB2 ANSB1 ANSBO 183
ANSELC ANSC7 ANSC6 ANSC5 ANSC4 ANSC3 ANSC2 — — 188
FVRCON FVREN FVRRDY TSEN TSRNG CDAFVR[1:0] ADFVR[1:0] 224
DAC1CONO EN FM OE1 OE2 PSS[1:0] NSS[1:0] 245
DAC2CONO EN FM OE1 OE2 PSS[1:0] NSS[1:0] 245
DAC5CONO EN FM OE1 OE2 PSS[1:0] NSS[1:0] 245
INTCON GIE PEIE TMROIE INTE IOCIE TMROIF INTF I0CIF 133
PIE1 TMR1GIE ADIE RCIE TXIE SSP1IE CCP1IE TMR2IE TMR1IE 134
PIR1 TMR1GIF ADIF RCIF TXIF SSP1IF CCP1IF TMR2IF TMR1IF 140
TRISA TRISA7 TRISA6 TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISAO 177
TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB6 TRISB6 TRISB1 TRISBO 182
TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISCO 187
Legend: x =unknown, u = unchanged, — = unimplemented read as ‘0’, g = value depends on condition. Shaded cells are not

used for the ADC module.
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17.0 5-BIT DIGITAL-TO-ANALOG
CONVERTER (DAC) MODULE

The Digital-to-Analog Converter supplies a variable
voltage reference, ratiometric with the input source,
with 32 selectable output levels.

The input of the DAC can be connected to:

» External VREF pins

* VDD supply voltage

* FVR (Fixed Voltage Reference)

The output of the DAC can be configured to supply a

reference voltage to the following:

» Comparator positive input

» Operational amplifier inverting and non-inverting
inputs

* ADC input channel

* DACXOUTX pin

TABLE 17-1: AVAILABLE 5-BIT DACS

Device DAC3 | DAC4 | DAC7 | DACS
PIC16(L)F1778 ° ) °
PIC16(L)F1777/9 ° ° ) °

The Digital-to-Analog Converter (DAC) is enabled by
setting the EN bit of the DACxCONO register.
17.1 Output Voltage Selection

The DAC has 32 voltage level ranges. The 32 levels
are set with the REF[4:0] bits of the DACXREF register.

The DAC output voltage is determined by Equation 17-1:

EQUATION 17-1: DAC OUTPUT VOLTAGE

IF DACXEN =1

Vour = [(VSOURCE+ — VSOURCE-) x DALI;MO]

j + VSOURCE-
2

VSOURCE+ = VDD, VREF, or FVR BUFFER 2

VSOURCE- = VsS

17.2 Ratiometric Output Level

The DAC output value is derived using a resistor ladder
with each end of the ladder tied to a positive and
negative voltage reference input source. If the voltage
of either input source fluctuates, a similar fluctuation will
result in the DAC output value.

The value of the individual resistors within the ladder
can be found in Table 36-20: 10-bit Digital-to-Analog
Converter (DAC) Specifications.

17.3 DAC Voltage Reference Output

The DAC voltage can be output to the DACxOUTx pin
by setting the OEx bit of the DACxCONO register.
Selecting the DAC voltage for output on the
DACXOUTX pin automatically overrides the digital
output buffer and digital input threshold detector
functions of that pin. Reading the DACXOUTX pin when
it has been configured for DAC voltage output will
always return a ‘'0’.

Due to the limited current drive capability, a buffer must
be used on the DAC voltage output for external
connections to the DACXOUTX pin. Figure 17-2 shows
an example buffering technique.
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FIGURE 17-1: DIGITAL-TO-ANALOG CONVERTER BLOCK DIAGRAM

| Digital-to-Analog Converter (DAC)

FVR_buffer2 |

VDD VSOURCE+ \ - R[4:0]

VREF+ X'—' T R
| |
PSS[1:0] 7@ R |
| < |
EN —F—— |
R
| |
| 32 ) é DAC | tput
e e s X _Outpu (To Comparator and
| Steps< e e - ' > " ADC Modules)
1 L] Ll o
| 3 |
| |
| |
| | DACXOUT1
NSS[1:0] —:‘ | OF1
| ’—ig DACxOUT2
| 1 |
Reserved | [ VSOURCE- L oe
VREF1- —| |
VREFO- | |
Vss | |
Lo - |
FIGURE 17-2: VOLTAGE REFERENCE OUTPUT BUFFER EXAMPLE
PIC® MCU
DAC
Module R < ) Y
Voltage DACXOUTX l _ >t Buffered DAC Output
Reference
Output
Impedance
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17.4 Operation During Sleep

The DAC continues to function during Sleep. When the
device wakes up from Sleep through an interrupt or a
Watchdog Timer time-out, the contents of the
DACXxCONO register are not affected. To minimize
current consumption in Sleep mode, the voltage
reference should be disabled.

17.5 Effects of a Reset

A device Reset affects the following:

* DAC is disabled.

» DAC output voltage is removed from the
DACXOUTX pin.

+ The REF[4:0] voltage reference control bits are
cleared.
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17.6 Register Definitions: DAC Control

Long bit name prefixes for the 5-bit DAC peripherals
are shown in Table 17-2. Refer to Section 1.1 “Regis-
ter and Bit naming conventions” for more informa-

tion
TABLE 17-2:
Peripheral Bit Name Prefix
DAC3 DAC3
DAC4 DAC4
DAC7 DAC7
DAcs() DACS8

Note 1: PIC16(L)F1777/9 only.

REGISTER 17-1: DACxCONO0: DACx CONTROL REGISTER 0

R/W-0/0 U-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 u-0 R/W-0/0
EN | — | OE1 | oE2 | PSS[1:0] NSS[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 EN: DAC Enable bit
1 = DAC is enabled
0 = DAC is disabled
bit 6 Unimplemented: Read as ‘0’
bit 5 OE1: DAC Voltage Output Enable bit
1 = DAC voltage level is also an output on the DACxOUT1 pin
0 = DAC voltage level is disconnected from the DACxOUT1 pin
bit 4 OE2: DAC Voltage Output Enable bit
1 = DAC voltage level is also an output on the DACxOUT2 pin
0 = DAC voltage level is disconnected from the DACxOUT2 pin
bit 3-2 PSS[1:0]: DAC Positive Source Select bits
11 = Reserved, do not use
10 = FVR Buffer2 output
01 = VREF+ pin
00= VDD
bit 1-0 NSS[1:0]: DAC Negative Source Select bits

11 = Reserved, do not use

10 = DACXREF1- (DAC7/8) or Reserved (DAC3/4)
01 = DACXREFO-

00 = AGND (AVss)

© 2015-2020 Microchip Technology Inc.
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REGISTER 17-2: DACXREF: DACx REFERENCE VOLTAGE OUTPUT SELECT REGISTER

U-0 uU-0 uU-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— | - [ = ] REF[4:0]

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 7-5 Unimplemented: Read as ‘0’

bit 4-0 REF[4:0]: DACx Reference Voltage Output Select bits (See Equation 17-1)

TABLE 17-3: SUMMARY OF REGISTERS ASSOCIATED WITH THE DACx MODULE

Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ':Eg;:f;;
DAC3CONO EN = OE1 OE2 PSS[1:0] NSS[1:0] 245
DAC4CONO EN OE1 OE2 PSS[1:0] NSS[1:0] 245
DAC7CONO EN OE1 OE2 PSS[1:0] NSS[1:0] 245
DAC8CONO" EN OE1 OE2 PSS[1:0] NSS[1:0] 245
DAC3REF REF[4:0] 246
DAC4REF REF[4:0] 246
DAC7REF REF[4:0] 246
DACSREF(" REF[4:0] 246
Legend: — = Unimplemented location, read as ‘0’. Shaded cells are not used with the DACx module.

Note 1: PIC16LF1777/9 only.
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18.0 10-BIT DIGITAL-TO-ANALOG
CONVERTER (DAC) MODULE

The 10-bit Digital-to-Analog Converter (DAC) supplies
a variable voltage reference, ratiometric with the input
source, with 1024 selectable output levels.

The input of the DAC can be connected to:

» External VREF pins

» VDD supply voltage

* FVR (Fixed Voltage Reference)

The output of the DAC can be configured to supply a
reference voltage to the following:

» Comparator positive input

« ADC input channel

* DACXOUT1 pin

* Op Amp

The Digital-to-Analog Converter is enabled by setting
the EN bit of the DACxCONO register.

TABLE 18-1: AVAILABLE 10-BIT DACS

Device DAC1 | DAC2 | DAC5 | DAC6
PIC16(L)F1778 . . .
PIC16(L)F1777/9 | e . R .

18.1 Output Voltage Level Selection

The DAC has 1024 voltage levels that are set by the
10-bit reference selection word contained in the
DACxXxREFH and DACXREFL registers. This 10-bit
word can be left or right justified. See Section 18.4
“DAC Reference Selection Justification” for more
detail.

The DAC output voltage can be determined with
Equation 18-1.

18.2 Ratiometric Output Voltage

The DAC output voltage is derived using a resistor
ladder with each end of the ladder tied to a positive and
negative voltage source. If the voltage of either input
source fluctuates, a similar fluctuation will result in the
DAC output value.

The value of the individual resistors within the ladder
can be found in Table 36-20.

EQUATION 18-1: DAC OUTPUT VOLTAGE

18.3 DAC Output

The DAC voltage is always available to the internal
peripherals that use it. The DAC voltage can be output
to the DACxOUTx pin by setting the OEx bit of the
DACxCONQO register. Selecting the DAC voltage for
output on the DACxOUTx pin automatically overrides
the digital output buffer and digital input threshold
detector functions of that pin. Reading the DACXOUTX
pin when it has been configured for DAC voltage output
will always return a ‘0.

Due to the limited current drive capability, a buffer must
be used on the DAC voltage output for external
connections to either DACXOUTX pin. Figure 18-3
shows a buffering technique example.

18.4 DAC Reference Selection
Justification

The DAC reference selection can be configured to be left
or right justified. When the FM bit of the DACXxCONO
register is set, the 10-bit word is left justified such that the
eight Most Significant bits fill the DACXREFH register
and the two Least Significant bits are left justified in the
DACXREFL register. When the FM bit is cleared, the
10-bit word is right justified such that the eight Least
Significant bits fill the DACXREFL register and the two
Most Significant bits are right justified in the DACXxREFH
register. Refer to Figure 18-1.

The DACXREFL and DACXREFH registers are double
buffered. Writing to either register does not take effect
immediately. Writing a ‘1’ to the DACXLD bit of the
DACLD register transfers the contents of the
DACXxREFH and DACXREFL registers to the buffers,
thereby changing all 10-bits of the DAC reference
selection simultaneously.

IFEN=1

VSOURCE- = VSS OR VREF-

DACx _output = (( VSOURCE+ — VSOURCE-) %

VSOURCE+ = VDD, VREF+, or FVR_buffer2

D—ACXR[Q‘:O]) + VSOURCE-
10

2
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FIGURE 18-1: DAC JUSTIFICATION
FM = 1 [Ro]R8[R7[R6[RE[R4][R3[R2]  [R1[Ro] 0] 0o o] o] 0] R
7 0 7 0
DACxREFH DACXREFL

| |
[oJoJoJoJoJo[ro]re]  [R7[R6|R5|R4|R3[R2JR1[RO] FM =0
7 0

I |
DACXREFH DACXREFL /
\ /

\ /
[Ro]re[rR7|RE[RS[R4[R3|R2[R1[R0]
DACXREF

FIGURE 18-2: DIGITAL-TO-ANALOG CONVERTER BLOCK DIAGRAM

Rev. 10-000219C
1216/2019

‘ DACxREFH ‘ DACXREFL ‘

|
|
|
|
|
‘ ‘ write 1 to i
DACXREF1+ % '—‘— 10-bit Latch I . |
} (not visible to user) DACXLD bit }
FVR_buf‘ferZ—y— VSOURCE+ |
! |
pACxREFO+ > —— | || i
VDD—l— R 10 }
! |
|
i :
PSS<1:0>ﬁ2L:7 R }
|
‘ |
i |
|
EN | R |
! |
|
i |
| R |
| Y }
| | 2 |
o o DA
} 1024 Lo A\ Cx_output L » To Peripherals
| Steps [ fe) }
| | ¢ |
|
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‘ |
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Reserved 1| : X DACXOUT2
| L | |
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Note 1: DAC5 only, DAC1/2 is Reserved.
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FIGURE 18-3: VOLTAGE REFERENCE OUTPUT BUFFER EXAMPLE
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Buffered DAC Output

18.5 Operation During Sleep

When the device wakes up from Sleep as the result of an interrupt or a
Watchdog Timer time-out, the contents of the DACxCONO register are not
affected. To minimize current consumption in Sleep mode, the voltage
reference should be disabled.

18.6 Effects of a Reset

A device Reset affects the following:

* DAC is disabled

» DAC output voltage is removed from the DACXOUTX pin
» The REF[9:0] reference selection bits are cleared
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18.7 Register Definitions: DAC Control

Long bit name prefixes for the 10-bit DAC peripherals
are shown in Table 18-2. Refer to Section 1.1 “Regis-
ter and Bit naming conventions” for more informa-

tion
TABLE 18-2:
Peripheral Bit Name Prefix
DAC1 DACH1
DAC2 DAC2
DACS5 DAC5
DAce() DAC6

Note 1: PIC16(L)F1777/9 only.

REGISTER 18-1: DACxCONO: DAC CONTROL REGISTER 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 R/W-0/0
EN FM OE1 OE2 PSS[1:0] NSS[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 EN: DAC Enable bit
1 = DACx is enabled
0 = DACx is disabled
bit 6 FM: DAC Reference Format bit
1 = DACx reference selection is left justified
0 = DACx reference selection is right justified
bit 5 OE1: DAC Voltage Output Enable bit
1 = DACx voltage level is also an output on the DACxOUT1 pin
0 = DACx voltage level is disconnected from the DACxOUT1 pin
bit 4 OE2: DAC Voltage Output Enable bit
1 = DACx voltage level is also an output on the DACxOUT2 pin
0 = DACx voltage level is disconnected from the DACxOUT2 pin
bit 3-2 PSS[1:0]: DAC Positive Source Select bits
11 = DACxXREF1+ (DAC5/6) or Reserved (DAC1/2)
10 = FVR buffer2
01 = DACXREFO+
00 = VDD
bit 1-0 NSS[1:0]: DAC Negative Source Select bit

11 = Reserved. Do not use.

10 = DACXREF1- (DAC5/6) or Reserved (DAC1/2)
01 = DACxXREFO-

00 = AGND (AVsS)
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REGISTER 18-2: DACxREFH: DAC REFERENCE VOLTAGE SELECT HIGH 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
REF[9:x] (x Depends on FM bit)
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
When FM = 1 (left justified)
bit 7-0 REF[9:2]: DAC Reference Voltage Output Select bits

DACxOUT1 = f(REF[9:0]) (See Equation 18-1)
When FM = 0 (right justified)
bit 7-2 Unimplemented: Read as ‘0’

bit 1-0 REF[9:8]: DAC Reference Voltage Output Select bits
DACxOUT1 = f(REF[9:0]) (See Equation 18-1)

REGISTER 18-3: DACXREFL: DAC REFERENCE VOLTAGE SELECT LOW 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
REF[x-1:0] (x Depends on FM bit)
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
When FM = 1 (left justified)
bit 7-6 REF[1:0]: DAC Reference Voltage Output Select bits
DACxOUT1 = f(REF[9:0]) (See Equation 18-1)
bit 5-0 Unimplemented: Read as ‘0’
When FM = 0 (right justified)
bit 7-0 REF[7:0]: DAC Reference Voltage Output Select bits

DACxOUT1 = f(REF[9:0]) (See Equation 18-1)
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REGISTER 18-4:

DACLD: DAC BUFFER LOAD REGISTER

u-0 U-0 u-0 R/W-0/0 u-0 u-0 R/W-0/0 R/W-0/0
— — DAC6LD(" | DAC5LD — — DAC2LD DAC1LD
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 g = value depends on configuration bits
bit 7-6 Unimplemented: Read as ‘0’
bit 5 DAC6LD: DAC6 Double Buffer Load bit(!)
1 = DAC6REFHL:DAC6REFL values are transfered to the double buffer. Bit is cleared automatically
by hardware.
0 = DAC6REFHL:DAC6REFL double buffers remain unchanged.
bit 4 DACS5LD: DACS5 Double Buffer Load bit
1 = DAC5REFHL:DACS5REFL values are transfered to the double buffer. Bit is cleared automatically
by hardware.
0 = DAC5REFHL:DAC5REFL double buffers remain unchanged.
bit 3-2 Unimplemented: Read as ‘0’
bit 1 DAC2LD: DAC2 Double Buffer Load bit
1 = DAC2REFHL:DAC2REFL values are transfered to the double buffer. Bit is cleared automatically
by hardware.
0 = DAC2REFHL:DAC2REFL double buffers remain unchanged.
bit 0 DAC1LD: DAC1 Double Buffer Load bit
1 = DAC1REFHL:DAC1REFL values are transfered to the double buffer. Bit is cleared automatically
by hardware.
0 = DAC1REFHL:DAC1REFL double buffers remain unchanged.
Note 1: PIC16LF1777/9 only.
TABLE 18-3: SUMMARY OF REGISTERS ASSOCIATED WITH THE DACx MODULE
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Register
on Page
DAC1CONO EN FM OE1 OE2 PSS[1:0] NSS[1:0] 250
DAC2CONO EN FM OE1 OE2 PSS[1:0] NSS[1:0] 250
DAC5CONO EN FM OE1 OE2 PSS[1:0] NSS[1:0] 250
DAC6CON0M EN FM OE1 OE2 PSS[1:0] NSS[1:0] 250
DAC1REFH REF[9:x] (x Depends on FM bit) 251
DAC2REFH REF[9:x] (x Depends on FM bit) 251
DAC5REFH REF[9:x] (x Depends on FM bit) 251
DAC6REFH(" REF[9:x] (x Depends on FM bit) 251
DAC1REFL REF[x-1:0] (x Depends on FM bit) 251
DAC2REFL REF[x-1:0] (x Depends on FM bit) 251
DACS5REFL REF[x-1:0] (x Depends on FM bit) 251
DAC6REFL(M REF[x-1:0] (x Depends on FM bit) 251
DACLD — — — |pacsio| — | — | pacap | pacip 252
Legend: — = Unimplemented location, read as ‘0’. Shaded cells are not used with the DACx module.
Note 1: PIC16LF1777/9 only.
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19.0 COMPARATOR MODULE

Comparators are used to interface analog circuits to a
digital circuit by comparing two analog voltages and
providing a digital indication of their relative magnitudes.
Comparators are very useful mixed signal building
blocks because they provide analog functionality
independent of program execution. The analog
comparator module includes the following features:

* Independent comparator control

* Programmable input selection

» Comparator output is available internally/externally
* Programmable output polarity

« Interrupt-on-change

» Wake-up from Sleep

* PWM shutdown

* Programmable and Fixed Voltage Reference

19.1 Comparator Overview

A single comparator is shown in Figure 19-1 along with
the relationship between the analog input levels and
the digital output. When the analog voltage at VIN+ is
less than the analog voltage at VIN-, the output of the
comparator is a digital low level. When the analog
voltage at VIN+ is greater than the analog voltage at
VIN-, the output of the comparator is a digital high level.

The comparators available for this device are located in
Table 19-1.

TABLE 19-1: AVAILABLE COMPARATORS

FIGURE 19-1: SINGLE COMPARATOR
VIN+ +
—— Output
VIN- ————

---- VIN-
— VIN+

Output

Note: The black areas of the output of the
comparator represents the uncertainty
due to input offsets and response time.

Device C1|C2|C3|C4|C5|C6|CT7|C8

PIC16(L)F1778 oo | oo | oo

PICIB(L)F1777/9 | o | @ | o [ o | o | o | o | @

© 2015-2020 Microchip Technology Inc.

DS40001819D-page 253



PIC16(L)F1777/8/9

FIGURE 19-2: COMPARATOR MODULE SIMPLIFIED BLOCK DIAGRAM
] Interrupt
CxON™ A det
CxNCHI[2:0] L Set CxIF
/3 T
Interrupt
- [ -
° _\_ det
MUX CxPOL
See Table 19-4 e | 5 —|
° e to CMXCONO (CxOUT)
Cx ! j > D Q" 4 CM2CONT (MCxOUT)
+ ZLF
CxvP Q1—{EN
° CxHYS
See Table 19-5 @ 'V”ZJX X CxZLF
o| @
CxON

CXPCH]I3:0 54 CXSYNC RxYPPS

TRIS bit
CxOuT
PPS
—D Q
From Timer1
tmr1_clk U sync_CxOUT
. >

Note 1: When CxON = 0, the comparator will produce a ‘0’ at the output.
2:  When CxON = 0, all multiplexer inputs are disconnected.
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19.2 Comparator Control

Each comparator has two control registers: CMxCONO
and CMxCON1.

The CMxCONO register (see Register 19-1) contains
Control and Status bits for the following:

* Enable

+ Output

 Output polarity

+ Zero latency filter

* Hysteresis enable

* Output synchronization

The CMxCON1 register (see Register 19-2) contains
Control bits for the following:

« Interrupt enable

* Interrupt edge polarity

« Positive input channel selection

* Negative input channel selection

19.2.1 COMPARATOR ENABLE

Setting the ON bit of the CMxCONO register enables
the comparator for operation. Clearing the ON bit
disables the comparator resulting in minimum current
consumption.

19.2.2 COMPARATOR OUTPUT
SELECTION

The output of the comparator can be monitored by

reading either the OUT bit of the CMxCONO register or

the MCxOUT bit of the CMOUT register. In order to

make the output available for an external connection,

the following conditions must be true:

* Desired pin PPS control

» Corresponding TRIS bit must be cleared

* ON bit of the CMxCONO register must be set

Note 1: The internal output of the comparator is
latched with each instruction cycle.
Unless otherwise specified, external out-
puts are not latched.

19.2.3 COMPARATOR OUTPUT POLARITY

Inverting the output of the comparator is functionally
equivalent to swapping the comparator inputs. The
polarity of the comparator output can be inverted by
setting the POL bit of the CMxCONO register. Clearing
the POL bit results in a non-inverted output.

Table 19-2 shows the output state versus input

conditions, including polarity control.

TABLE 19-2: COMPARATOR OUTPUT
STATE VS. INPUT

CONDITIONS
Input Condition CxPOL CxOUT
CxVN > CxVP 0 0
CxVN < CxVpP 0 1
CxVN > CxVp 1 1
CxVN < CxVP 1 0

© 2015-2020 Microchip Technology Inc.
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19.3 Comparator Hysteresis

A selectable amount of separation voltage can be
added to the input pins of each comparator to provide a
hysteresis function to the overall operation. Hysteresis
is enabled by setting the HYS bit of the CMxCONO
register.

See Comparator Specifications in Table 36-19:
Comparator Specifications for more information.

19.4 Timer1 Gate Operation

The output resulting from a comparator operation can
be used as a source for gate control of Timer1. See
Section 22.6 “Timer1 Gate” for more information.
This feature is useful for timing the duration or interval
of an analog event.

It is recommended that the comparator output be
synchronized to Timer1. This ensures that Timer1 does
not increment while a change in the comparator is
occurring.

19.4.1 COMPARATOR OUTPUT
SYNCHRONIZATION

The output from a comparator can be synchronized
with Timer1 by setting the SYNC bit of the CMxCONO
register.

Once enabled, the comparator output is latched on the
falling edge of the Timer1 source clock. If a prescaler is
used with Timer1, the comparator output is latched after
the prescaling function. To prevent a race condition, the
comparator output is latched on the falling edge of the
Timer1 clock source and Timer1 increments on the
rising edge of its clock source. See the Comparator
Block Diagram (Figure 19-2) and the Timer1 Block
Diagram (Figure 22-1) for more information.

19.5 Comparator Interrupt

An interrupt can be generated upon a change in the
output value of the comparator for each comparator, a
rising edge detector and a falling edge detector are
present.

When either edge detector is triggered and its associ-
ated enable bit is set (INTP and/or INTN bits of the
CMxCONT1 register), the Corresponding Interrupt Flag
bit (CxIF bit of the PIR2 register) will be set.

To enable the interrupt, you must set the following bits:

* ON and POL bits of the CMxCONO register
» CxIE bit of the PIE2 register

* INTP bit of the CMxCON1 register (for a rising
edge detection)

* INTN bit of the CMxCON1 register (for a falling
edge detection)

» PEIE and GIE bits of the INTCON register

The associated interrupt flag bit, CxIF bit of the PIR2
register, must be cleared in software. If another edge is
detected while this flag is being cleared, the flag will still
be set at the end of the sequence.

Note:  Although a comparator is disabled, an
interrupt can be generated by changing
the output polarity with the POL bit of the
CMxCONO register, or by switching the
comparator on or off with the ON bit of the
CMxCONO register.

19.6 Comparator Positive Input
Selection

Configuring the PCH[3:0] bits of the CMxPSEL register
directs an internal voltage reference or an analog pin to
the non-inverting input of the comparator:

» CxIN+ analog pin

* Programmable ramp generator output

* DAC output

* FVR (Fixed Voltage Reference)

* Vss (Ground)

See Section 14.0 “Fixed Voltage Reference (FVR)”

for more information on the Fixed Voltage Reference
module.

See Section 17.0 “5-Bit Digital-to-Analog Converter
(DAC) Module” for more information on the DAC input
signal.

Any time the comparator is disabled (CxON = 0), all
comparator inputs are disabled.

19.7 Comparator Negative Input
Selection

The NCH]I3:0] bits of the CMxNSEL register direct an
analog input pin and internal reference voltage or ana-
log ground to the inverting input of the comparator:

* CxIN- pin

* FVR (Fixed Voltage Reference)

* Analog Ground

Some inverting input selections share a pin with the
operational amplifier output function. Enabling both

functions at the same time will direct the operational
amplifier output to the comparator inverting input.

Note:  To use CxINy+ and CxINy- pins as analog
input, the appropriate bits must be set in
the ANSEL register and the correspond-
ing TRIS bits must also be set to disable
the output drivers.
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19.8 Comparator Response Time

The comparator output is indeterminate for a period of
time after the change of an input source or the selection
of a new reference voltage. This period is referred to as
the response time. The response time of the comparator
differs from the settling time of the voltage reference.
Therefore, both of these times must be considered when
determining the total response time to a comparator
input change. See the Comparator and Voltage
Reference Specifications in Table 36-19: Comparator
Specifications for more details.

19.9 Zero Latency Filter

In high-speed operation, and under proper circuit
conditions, it is possible for the comparator output to
oscillate. This oscillation can have adverse effects on
the hardware and software relying on this signal.
Therefore, a digital filter has been added to the
comparator output to suppress the comparator output
oscillation. Once the comparator output changes, the
output is prevented from reversing the change for a
nominal time of 20 ns. This allows the comparator
output to stabilize without affecting other dependent
devices. Refer to Figure 19-3.

FIGURE 19-3: COMPARATOR ZERO LATENCY FILTER OPERATION

CxOUT From Comparator : '
|
|
CxOUT From ZLF 4] I
I
1

L TzLF
|

1

Output waiting for TZLF to expire before an output change is allowed. J

TzLF has expired so output change of ZLF is immediate based on
comparator output change.
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19.10 Analog Input Connection
Considerations

A simplified circuit for an analog input is shown in
Figure 19-4. Since the analog input pins share their
connection with a digital input, they have reverse
biased ESD protection diodes to VDD and Vss. The
analog input, therefore, must be between Vss and VDD.
If the input voltage deviates from this range by more
than 0.6V in either direction, one of the diodes is
forward biased and a latch-up may occur.

A maximum source impedance of 10 kQ is recommended
for the analog sources. Also, any external component
connected to an analog input pin, such as a capacitor or
a Zener diode, should have very little leakage current to
minimize inaccuracies introduced.

Note 1: When reading a PORT register, all pins
configured as analog inputs will read as a
‘0’. Pins configured as digital inputs will
convert as an analog input, according to
the input specification.

2: Analog levels on any pin defined as a
digital input, may cause the input buffer to
consume more current than is specified.

FIGURE 19-4: ANALOG INPUT MODEL

Rev. 10-000071A
81212013

VDD

o | Analog VT = 0.6V
Rs < 10K !Input pin
>

|
[ Ric
| | » To Comparator
| | ILeAKAGE
(o) ooen— VT~ 0.6V
} | SpF
| |
| .
| L vss

Legend: CPIN = Input Capacitance
ILEAKAGE = Leakage Current at the pin due to various junctions
Ric = Interconnect Resistance
Rs = Source Impedance
VA = Analog Voltage
VT = Threshold Voltage

Note 1: See I/O Ports in Table 36-4: 1/0O Ports.
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19.11 Register Definitions: Comparator Control

Long bit name prefixes for the Comparator peripherals
are shown in Table 19-3. Refer to Section 1.1.2.2
“Long Bit Names” for more information

TABLE 19-3:

Peripheral Bit Name Prefix
Comparator 1 C1
Comparator 2 Cc2
Comparator 3 C3
Comparator 4 C4
Comparator 5 C5
Comparator 6 C6

Comparator 7 C7
Comparator 8 C8

Note 1: PIC16(L)F1777/9 only.

REGISTER 19-1: CMxCONO0: COMPARATOR Cx CONTROL REGISTER 0

R/W-0/0 R-0/0 U-0 R/W-0/0 R/W-0/0 R/W-1/1 R/W-0/0 R/W-0/0
ON ouT = POL ZLF — HYS SYNC
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 ON: Comparator Enable bit

1 = Comparator is enabled
0 = Comparator is disabled and consumes no active power

bit 6 OUT: Comparator Output bit
If POL = 1 (inverted polarity):
1= CxVP < CxVN
0= CxVP > CxVN
If POL = 0 (non-inverted polarity):
1= CxVP > CxVN
0= CxVP < CxVN
bit 5 Reserved: Read as ‘1’. Maintain this bit set.
bit 4 POL: Comparator Output Polarity Select bit
1 = Comparator output is inverted
0 = Comparator output is not inverted
bit 3 ZLF: Comparator Zero Latency Filter Enable bit
1 = Comparator output is filtered
0 = Comparator output is unfiltered
bit 2 Reserved: Read as ‘1’. Maintain this bit set.
bit 1 HYS: Comparator Hysteresis Enable bit
1 = Comparator hysteresis enabled
0 = Comparator hysteresis disabled
bit 0 SYNC: Comparator Output Synchronous Mode bit
1 = Comparator output to Timer1 and I/O pin is synchronous to changes on Timer1 clock source. Output
updated on the falling edge of Timer1 clock source.
0 = Comparator output to Timer1 and I/O pin is asynchronous
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REGISTER 19-2: CMxCON1: COMPARATOR Cx CONTROL REGISTER 1

uU-0 u-0 uU-0 uU-0 u-0 u-0 R/W-0/0 R/W-0/0
— — — — — — INTP INTN
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-2 Unimplemented: Read as ‘0’
bit 1 INTP: Comparator Interrupt on Positive Going Edge Enable bits

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

bit 0 INTN: Comparator Interrupt on Negative Going Edge Enable bits

1 = The CxIF interrupt flag will be set upon a negative going edge of the CxOUT bit
0 = No interrupt flag will be set on a negative going edge of the CxOUT bit
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REGISTER 19-3:

CMxNSEL: COMPARATOR Cx NEGATIVE CHANNEL SELECT REGISTER

u = Bit is unchanged

x = Bit is unknown

uU-0 u-0 uU-0 U-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— — — — NCH[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’ = Bit is set ‘0’ = Bit is cleared

bit 7-4 Unimplemented: Read as ‘0’

bit 3-0 NCH[3:0]: Comparator Negative Input Channel Select bits

CxVN connects to input source indicated by Table 19-4: Negative Input Sources
TABLE 19-4: NEGATIVE INPUT SOURCES
NCH[3:0] C1,C2,C3,C4 cs, c6, c7(M, csV)

1111 Reserved. Do not use Reserved. Do not use
1110 Reserved. Do not use Reserved. Do not use
1101 Reserved. Do not use Reserved. Do not use
1100 Reserved. Do not use Reserved. Do not use
1011 Reserved. Do not use Reserved. Do not use
1010 OPA2IN- pin OPA4IN- pin(")
1001 OPA1IN- pin OPAS3IN- pin
1000 AGND AGND
0111 PRG2_out PRG4_out("
0110 PRG1_out PRG3_out
0101 FVR_Buffer2 FVR_Buffer2
0100 CxIN4- pin CxIN4- (OPA40UT) pin(®
0011 CxIN3- (OPA20UT) pin CxIN3- pin
0010 CxIN2- pin CxIN2- pin
0001 CxIN1- (OPA10OUT) pin CxIN1- (OPA30OUT) pin
0000 CxINO- pin CxINO- pin

Note 1: PIC16(L)F1777/9 only.
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REGISTER 19-4: CMxPSEL: COMPARATOR Cx POSITIVE CHANNEL SELECT REGISTER 1

uU-0 uU-0 uU-0 uU-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’
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 7-4 Unimplemented: Read as ‘0’
bit 3-0 PCHI[3:0]: Comparator Positive Input Channel Select bits

CxVP connects to input source indicated by Table 19-5: Positive Input Sources

TABLE 19-5: POSITIVE INPUT SOURCES

PCH[3:0] C1,C2,C3,C4 cs, ¢ce, c7(M, cs
1111 Reserved. Do not use Reserved. Do not use
1110 Reserved. Do not use Reserved. Do not use
1101 Reserved. Do not use Reserved. Do not use
1100 Reserved. Do not use Reserved. Do not use
1011 Reserved. Do not use Reserved. Do not use
1010 Reserved. Do not use Reserved. Do not use
1001 AGND AGND
1000 DAC4_out DAC8_out("
0111 DAC3_out DAC7_out
0110 DAC2_out DAC6_out(!
0101 DAC1_out DAC5_out
0100 PRG2_out PRG4_out("
0011 PRG1_out PRG3 out
0010 FVR_Buffer2 FVR_Buffer2
0001 CxIN1+ pin CxIN1+ pin
0000 CxINO+ pin CxINO+ pin

Note 1: PIC16(L)F1777/9 only.
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Note:  There are no long and short bit name variants for the following mirror register I

REGISTER 19-5: CMOUT: COMPARATOR OUTPUT REGISTER

R-0/0 R-0/0 R-0/0 R-0/0 R-0/0 R-0/0 R-0/0 R-0/0
mcsouTt) | mc7out™ | MC60OUT | MC50UT | MC40UT | MC30UT | MC20UT | MC10OUT
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 MC8OUT: Mirror Copy of C80UT bit(")
bit 6 MC7OUT: Mirror Copy of C7OUT bit(")
bit 5 MCG6OUT: Mirror Copy of C60UT bit
bit 4 MC50UT: Mirror Copy of C50UT bit
bit 3 MC40UT: Mirror Copy of C40UT bit
bit 2 MC3OUT: Mirror Copy of C30UT bit
bit 1 MC20UT: Mirror Copy of C20UT bit
bit 0 MC10UT: Mirror Copy of C10UT bit

Note 1: PIC16LF1777/9 only.

© 2015-2020 Microchip Technology Inc. DS40001819D-page 263



PIC16(L)F1777/8/9

TABLE 19-6: SUMMARY OF REGISTERS ASSOCIATED WITH COMPARATOR MODULE

Name Bit7 Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 §§%§‘;
ANSELA = = ANSA5 ANSA4 ANSA3 ANSA2 ANSA1 ANSAO 178
ANSELB — — ANSB5 ANSB4 ANSB3 ANSB2 ANSB1 ANSBO 183
ANSELC ANSC7 ANSC6 ANSC5 ANSC4 ANSC3 ANSC2 — — 188
CM1CONO ON ouT — POL ZLF Reserved HYS SYNC 259
CM2CONO ON ouT — POL ZLF Reserved HYS SYNC 259
CM3CONO ON ouT — POL ZLF Reserved HYS SYNC 259
CM4CONO ON ouT — POL ZLF Reserved HYS SYNC 259
CM5CONO ON ouT = POL ZLF Reserved HYS SYNC 259
CMBCONO ON ouT = POL ZLF Reserved HYS SYNC 259
CM1CON1 = = = = = = INTP INTN 260
CM2CON1 — — — — = = INTP INTN 260
CM3CON1 — — — — — — INTP INTN 260
CM4CON1 — — — — = = INTP INTN 260
CM5CON1 — — — — — — INTP INTN 260
CMBCON1 — — — — — — INTP INTN 260
cm7coN1® — — — — — — INTP INTN 260
cmscoN1® — — — — — — INTP INTN 260
CM1NSEL — — — — NCH[3:0] 261
CM2NSEL — — — — NCH[3:0] 261
CM3NSEL = = = = NCH[3:0] 261
CM4NSEL = = = = NCH[3:0] 261
CMS5NSEL = = = = NCH[3:0] 261
CM6NSEL — — — — NCH([3:0] 261
CM7NSEL™M — — — — NCH(3:0] 261
CMSNSEL™ — — — — NCH[3:0] 261
CM1PSEL — — — — PCH[3:0] 262
CM2PSEL — — — — PCH[3:0] 262
CM3PSEL — — — — PCH[3:0] 262
CM4PSEL — — — — PCH[3:0] 262
CMS5PSEL — — — — PCH[3:0] 262
CMBPSEL — — — — PCH[3:0] 262
cM7PSEL( = = = = PCH[3:0] 262
CM8PSEL(" = = = = PCHI[3:0] 262
CMOUT mcsouT!) | mcrout® | mMceouT MC50UT MC40UT MC30UT MC20UT MC10UT 263
FVRCON FVREN FVRRDY TSEN TSRNG CDAFVR[1:0] ADFVR[1:0] 224
DAC1CONO EN FM OE1 OE2 PSS[1:0] NSS[1:0] 250
DAC2CONO EN FM OE1 OE2 PSS[1:0] NSS[1:0] 250
DAC5CONO EN FM OE1 OE2 PSS[1:0] NSS[1:0] 250
DAC6CONO( EN FM OE1 OE2 PSS[1:0] NSS[1:0] 250
DAC3CONO EN — OE1 OE2 PSS[1:0] NSS[1:0] 245
DAC4CONO EN — OE1 OE2 PSS[1:0] NSS[1:0] 245
DAC7CONO EN — OE1 OE2 PSS[1:0] NSS[1:0] 245
DAC8CONO(! EN = OE1 OE2 PSS[1:0] NSS[1:0] 245
DAC3REF REF[4:0] 246
DAC4REF REF[4:0] 246
DAC7REF REF[4:0] 246
DACSREF(" REF[4:0] 246
DAC1REFH REF[9:x] (x Depends on FM bit) 251
Legend: — = unimplemented location, read as ‘0’. Shaded cells are unused by the comparator module.

Note 1: PIC16LF1777/9 only.
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TABLE 19-4: SUMMARY OF REGISTERS ASSOCIATED WITH COMPARATOR MODULE (CONT.)

Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | Register
on Page
DAC2REFH REF[9:x] (x Depends on FM bit) 251
DACS5REFH REF[9:x] (x Depends on FM bit) 251
DAC6REFH(M REF[9:x] (x Depends on FM bit) 251
DAC1REFL REF([x-1:0] (x Depends on FM bit) 251
DAC2REFL REF[x-1:0] (x Depends on FM bit) 251
DAC5REFL REF[x-1:0] (x Depends on FM bit) 251
DAC6REFL(" REF[x-1:0] (x Depends on FM bit) 251
INTCON GIE PEIE TMROIE INTE IOCIE TMROIF INTF IOCIF 133
PIE2 OSFIE C2IE C1IE COG1IE | BCL1IE C4IE C3IE CCP2IE 135
PIE5 ccr8lE™ | ccP7IE | cOG4IEM | COG3IE cslgM c7ieM CBIE C5IE 138
PIR2 OSFIF C2IF C1IF COG1IF | BCL1IF C4IF C3IF CCP2IF 141
PIR5 ccrpelF) | ccp7IF | cocalIF™) | COG3IF C8IFt c7IF C6IF C5IF 144
TRISA TRISA7 TRISA6 TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISAO 177
TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO 182
TRISC TRISC7 | TRISC6 | TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 TRISCO 187
Legend: — = unimplemented location, read as ‘0’. Shaded cells are unused by the comparator module.

Note 1: PIC16LF1777/9 only.
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20.0 ZERO-CROSS DETECTION
(ZCD) MODULE

The ZCD module detects when an A/C signal crosses
through the ground potential. The actual zero-crossing
threshold is the zero-crossing reference voltage,
ZcPINV, which is typically 0.75V above ground.

The connection to the signal to be detected is through
a series current limiting resistor. The module applies a
current source or sink to the ZCD pin to maintain a
constant voltage on the pin, thereby preventing the pin
voltage from forward biasing the ESD protection
diodes. When the applied voltage is greater than the
reference voltage, the module sinks current. When the
applied voltage is less than the reference voltage, the
module sources current. The current source and sink
action keeps the pin voltage constant over the full
range of the applied voltage. The ZCD module is
shown in the simplified block diagram Figure 20-2.

The ZCD module is useful when monitoring an AC
waveform for, but not limited to, the following purposes:
* A/C period measurement

* Accurate long term time measurement

* Dimmer phase delayed drive

* Low EMI cycle switching

FIGURE 20-2:

SIMPLIFIED ZCD BLOCK DIAGRAM

20.1 External Resistor Selection

The ZCD module requires a current limiting resistor in
series with the external voltage source. The impedance
and rating of this resistor depends on the external
source peak voltage. Select a resistor value that will
drop all of the peak voltage when the current through
the resistor is nominally 300 pA. Refer to
Equation 20-1 and Figure 20-1. Make sure that the
ZCD /O pin internal weak pull-up is disabled so it does
not interfere with the current source and sink.

EQUATION 20-1: EXTERNAL RESISTOR

vV

_ peak
Rieries = 4
3x10
FIGURE 20-1: EXTERNAL VOLTAGE
maxpeak

VpeakI R minpeak L

ZCPINV

VDD

s =

ZCD pin. External
. voltage

pou)

source
optional
_______ _Z_Csbx_output )
D Q ouT
Q1| LE
Interrupt
_A det Sets

ZCDIF flag

Interrupt

_\_ det
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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 ZcrPiNv 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.

© 2015-2020 Microchip Technology Inc.
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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
[0} = Capacitor induced zero crossing phase
advance in radians
Ty =Time ZC event occurs before actual zero
crossing
7 = VPEAK
3x10~*
1
X. =
(2mfC)
R=7-X

V.= X.(3x10")

= Tanil(%)

T, = =
(2mf)
Vims = 120

EQUATION 20-3: R-C CALCULATIONS

EXAMPLE
Vpeak = Vrms : ﬁ =169.7
f =60 Hz
C =0.1 pf

7 = Vpeak _ 169.7

~ == 565.7 kOhms
3x10 3x 10

1 |
© QYO (ar.60-1-107)

= 26.53 kOhms

R =560 kOhms

Z, = (R2 +XL,2)= 560.6 kOhm (using actual resistor)

V ek 6
Lyeak = —% = 302.7-10
Ve =Xelyoqr =80V
2.6
¢ = Tan (F) = 0.047 radians
T

- % _
o~ 2 125.6 ps
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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:

[Zc inv}
asin| 2
V

peak

T _ ———
offset 2m e Freq

When External Voltage Source is relative to VDD:

VDD—ZC inv
asin —P

Vpeak

2m 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:

R . (V -Z . .
_ “series' pullup “cpinv

R =
pullup Z .
cpiny

)

When External Signal is relative to VDD:

R . (Z. . )

R _ _series " cpinv
pulldown (VbD—-Z . )
cpiny

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*T gt 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
CLCs.

EQUATION 20-6:

Vbias
R=R_ . —1
series
Vv

peak( sin (nFreq(AJ)D

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 V¢, 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 UA 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 LA 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

14 +V .
R _ _maxpeak " minpeak
series —4
7x10
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20.7 Operation During Sleep

The ZCD current sources and interrupts are unaffected
by Sleep.

20.8 Effects of a Reset

The ZCD circuit can be configured to default to the active
or inactive state on Power-on-Reset (POR). When the
ZCD Configuration bit is cleared, the ZCD circuit will be
active at POR. When the ZCD Configuration bit is set,
the ZCDEN bit of the ZCDCON register must be set to
enable the ZCD module.
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20.9 Register Definitions: ZCD Control

Long bit name prefixes for the zero-cross detect periph-
eral is shown in Table 20-1. Refer to 1.1.2.2 “Long Bit
Names” for more information

TABLE 20-1:
Peripheral Bit Name Prefix
ZCD1 ZCD1

REGISTER 20-1: ZCDxCON: ZERO-CROSS DETECTION CONTROL REGISTER

R/W-0/0 uU-0 R-x/x R/W-0/0 uU-0 uU-0 R/W-0/0 R/W-0/0

EN — ouT POL — — INTP INTN

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 q = value depends on configuration bits
bit 7 EN: Zero-Cross Detection Enable bit(?)

1 = Zero-cross detect is enabled. ZCD pin is forced to output to source and sink current.
0 = Zero-cross detect is disabled. ZCD pin operates according to PPS and TRIS controls.

bit 6 Unimplemented: Read as ‘0’
bit 5 OUT: Zero-Cross Detection Logic Level bit
POL bit = 0:

1 = ZCD pin is sinking current
0 = ZCD pin is sourcing current
POL bit = 1:
1 = ZCD pin is sourcing current
0 = ZCD pin is sinking current
bit 4 POL: Zero-Cross Detection Logic Output Polarity bit
1 = ZCD logic output is inverted
0 = ZCD logic output is not inverted

bit 3-2 Unimplemented: Read as ‘0’

bit 1 INTP: Zero-Cross Positive Edge Interrupt Enable bit
1 = ZCDIF bit is set on low-to-high OUT transition
0 = ZCDIF bit is unaffected by low-to-high OUT transition

bit 0 INTN: Zero-Cross Negative Edge Interrupt Enable bit
1 = ZCDIF bit is set on high-to-low OUT transition
0 = ZCDIF bit is unaffected by high-to-low OUT transition

Note 1: The EN bit has no effect when the ZCD Configuration bit is cleared.
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TABLE 20-2: SUMMARY OF REGISTERS ASSOCIATED WITH THE ZCD MODULE
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | Register
on page
PIE3 — — COG2IE ZCDIE CLC4IE | CLC3IE | CLC2IE | CLC1IE 136
PIR3 — — COG2IF ZCDIF CLC4IF | CLC3IF | CLC2IF CLC1IF 142
ZCD1CON EN — ouT POL — — INTP INTN 271
Legend: — =unimplemented, read as ‘0’. Shaded cells are unused by the ZCD module.
TABLE 20-3: SUMMARY OF CONFIGURATION WORD WITH THE ZCD MODULE
Name |Bits| Bit47 | Bit-/6 | Bit13/5 | Bit12/4 | Bit11/3 | Bit10/2 | Bito/ | Bits/o | cdister
on Page
CONFIG2 | 13:8 — — LVP DEBUG | LPBOR BORV | STVREN | PLLEN 98
7:0 ZCD — — — — PPS1WAY WRTI[1:0]
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used by the ZCD module.
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21.0 TIMERO MODULE

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

 8-bit timer/counter register (TMRO)

» 8-bit prescaler (independent of Watchdog Timer)

* Programmable internal or external clock source

» Programmable external clock edge selection

* Interrupt-on-overflow

* TMRO can be used to gate Timer1

Figure 21-1 is a block diagram of the Timer0 module.

21.1 Timer0 Operation

The Timer0 module can be used as either an 8-bit timer
or an 8-bit counter.

2111 8-BIT TIMER MODE

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

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

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

21.1.2 8-BIT COUNTER MODE

In 8-Bit Counter mode, the Timer0 module will increment
on every rising or falling edge of the TOCKI pin.

8-Bit Counter mode using the TOCKI pin is selected by
setting the TMROCS bit in the OPTION_REG register to
1.

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

X 1

TMROSE TMRoOCS 8-bit
Prescaler

—n

PS[2:0]

FIGURE 21-1: BLOCK DIAGRAM OF THE TIMERO
Fosc/4 Py
Data Bus
TOCKIPPS 0 . % Set TMROIF
TOCKI 1 v

Sync -
2 Toy > TMRO

Timer0 overflow

PSA
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2113 SOFTWARE PROGRAMMABLE
PRESCALER

A software programmable prescaler is available for
exclusive use with TimerQ. The prescaler is enabled by
clearing the PSA bit of the OPTION_REG register.

Note:  The Watchdog Timer (WDT) uses its own
independent prescaler.

There are eight prescaler options for the Timer0 mod-
ule ranging from 1:2 to 1:256. The prescale values are
selectable via the PS[2:0] bits of the OPTION_REG
register. In order to have a 1:1 prescaler value for the
Timer0 module, the prescaler must be disabled by
setting the PSA bit of the OPTION_REG register.

The prescaler is not readable or writable. All instructions
writing to the TMRO register will clear the prescaler.

21.1.4 TIMERO INTERRUPT

Timer0 will generate an interrupt when the TMRO
register overflows from FFh to 00h. The TMROIF
interrupt flag bit of the INTCON register is set every
time the TMRO register overflows, regardless of
whether or not the TimerO interrupt is enabled. The
TMROIF bit can only be cleared in software. The Timer0
interrupt enable is the TMROIE bit of the INTCON
register.

Note: The TimerO interrupt cannot wake the
processor from Sleep since the timer is
frozen during Sleep.

21.1.5 8-BIT COUNTER MODE
SYNCHRONIZATION

When in 8-Bit Counter mode, the incrementing edge on
the TOCKI pin must be synchronized to the instruction
clock. Synchronization can be accomplished by
sampling the prescaler output on the Q2 and Q4 cycles
of the instruction clock. The high and low periods of the
external clocking source must meet the timing
requirements as shown in Table 36-12: Timer0 and
Timer1 External Clock Requirements.

21.1.6 OPERATION DURING SLEEP

TimerQ cannot operate while the processor is in Sleep
mode. The contents of the TMRO register will remain
unchanged while the processor is in Sleep mode.
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21.2 Register Definitions: Option Register

REGISTER 21-1: OPTION_REG: OPTION 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
WPUEN INTEDG TMROCS TMROSE PSA PS[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 WPUEN: Weak Pull-Up Enable bit

1 = All weak pull-ups are disabled (except MCLR, if it is enabled)
0 = Weak pull-ups are enabled by individual WPUXx latch values
bit 6 INTEDG: Interrupt Edge Select bit
1 = Interrupt on rising edge of INT pin
0 = Interrupt on falling edge of INT pin
bit 5 TMROCS: Timer0 Clock Source Select bit
1 = Transition on TOCKI pin
0 = Internal instruction cycle clock (Fosc/4)
bit 4 TMROSE: Timer0 Source Edge Select bit
1 = Increment on high-to-low transition on TOCKI pin
0 = Increment on low-to-high transition on TOCKI pin
bit 3 PSA: Prescaler Assignment bit

1 = Prescaler is not assigned to the TimerO module
0 = Prescaler is assigned to the Timer0 module

bit 2-0 PS[2:0]: Prescaler Rate Select bits
Bit Value  TimerO Rate

000 1:2

001 1:4

010 1:8

011 1:16

100 1:32

101 1:64

110 1:128

111 1:256

TABLE 21-1: SUMMARY OF REGISTERS ASSOCIATED WITH TIMERO

Name Bit 7 Bit 6 Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit 0 'zr‘:gp'zt;
INTCON GIE PEIE TMROIE INTE IOCIE TMROIF INTF IOCIF 133
OPTION_REG| WPUEN | INTEDG | TMROCS | TMROSE PSA PS[2:0] 275
TMRO TimerO Module Register 273*
TRISA TRISA7 | TRISA6 | TRISA5 | TRISA4 | TRISA3 TRISA2 | TRISA1 ‘ TRISAO 177
Legend: — = Unimplemented location, read as ‘0’. Shaded cells are not used by the Timer0 module.

*

Page provides register information.
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22.0 TIMER1/3/5 MODULE WITH
GATE CONTROL

The Timer1 module is a 16-bit timer/counter with the

following features:

16-bit timer/counter register pair (TMR1H: TMR1L)
Programmable internal or external clock source

2-bit prescaler

Dedicated 32 kHz oscillator circuit

» Selectable Gate Source Polarity
» Gate Toggle mode

* Gate Single-pulse mode

» Gate Value Status

» Gate Event Interrupt

Figure 22-1 is a block diagram of the Timer1 module.

This device has three instances of Timer1 type
modules. They include:

« Optionally synchronized comparator out : T!mer1
« Multiple Timer1 gate (count enable) sources * T!merS
« Interrupt-on-overflow * Timer5
» Wake-up on overflow (external clock,
Asynchronous mode only) Note:  All references to Timer1 and Timer1 GateI
« Time base for the Capture/Compare function apply to Timer3 and Timer®.
» Auto-conversion Trigger (with CCP)
FIGURE 22-1: TIMER1 BLOCK DIAGRAM
T1GSS[1:0] ——
T1GPPS
16 [X}—{PPs 00 T1GSPM
TimerO overflow —{ 01 t1g_in GVAL Data Bus
D Q
sync_C10UT —— 10 | Single-Pulse RD
Acq. Control Q1— EN T1GCON
sync_CZOUT — 11 T1GGO/_DONE J Interrupt Set
TMR1ON "N det TMR1GIF
T1GPOL T1GTM
TMR1GE
Set flag bit
'CI')Man IF on » To Comparator Module
verflow TMR1@ .
) EN o Synchronized
< To ADC Auto-Conversion TMR1TH TMRIL A T1CLK clock input
Lk
TMR1CS[1:0]—— TTSYNG
SOSco X'_ ouT
LFINTOSC —] 11 NE)
SOSC > || Prescaler Synchronize
1,2,4,8 f
det
soscl X EN 10 } 5
0
Fosc T1CKPS[1:0]
Internal —1 01
Clock Fosc/2 .
T1OSCEN Internal Sleep input
T1CKIPPS Fosc/4 Clock
" Internal — 00
Clock
T1ckl DX{PPs k
» To Clock Switching Modules
Note 1: ST Buffer is high speed type when using T1CKI.
2: Timer1 register increments on rising edge.
3: Synchronize does not operate while in Sleep.
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221 Timer1 Operation

The Timer1 module is a 16-bit incrementing counter
which is accessed through the TMR1H:TMR1L register
pair. Writes to TMR1H or TMR1L directly update the
counter.

When used with an internal clock source, the module is
a timer and increments on every instruction cycle.
When used with an external clock source, the module
can be used as either a timer or counter and incre-
ments on every selected edge of the external source.

Timer1 is enabled by configuring the ON and GE bits in
the T1CON and T1GCON registers, respectively.
Table 22-1 displays the Timer1 enable selections.

TABLE 22-1: TIMER1 ENABLE

SELECTIONS

Timer1
Operation

Off

Off

Always On
Count Enabled

TMR10N TMR1GE

0 0
0 1
1 0
1 1

TABLE 22-2: CLOCK SOURCE SELECTIONS

22.2 Clock Source Selection

The CS[1:0] and OSCEN bits of the T1CON register are
used to select the clock source for Timer1. Table 22-2
displays the clock source selections.

2221 INTERNAL CLOCK SOURCE

When the internal clock source is selected, the
TMR1H:TMR1L register pair will increment on multiples
of FOsc as determined by the Timer1 prescaler.

When the Fosc internal clock source is selected, the
Timer1 register value will increment by four counts every
instruction clock cycle. Due to this condition, a 2 LSB
error in resolution will occur when reading the Timer1
value. To utilize the full resolution of Timer1, an
asynchronous input signal must be used to gate the
Timer1 clock input.

The following asynchronous sources may be used:

* Asynchronous event on the T1G pin to Timer1
gate

* C1 or C2 comparator input to Timer1 gate

2222 EXTERNAL CLOCK SOURCE

When the external clock source is selected, the Timer1
module may work as a timer or a counter.

When enabled to count, Timer1 is incremented on the
rising edge of the external clock input T1CKI, which can
be synchronized to the microcontroller system clock or
can run asynchronously.

When used as a timer with a clock oscillator, an
external 32.768 kHz crystal can be used in conjunction
with the dedicated internal oscillator circuit.

Note: In Counter mode, a falling edge must be
registered by the counter prior to the first
incrementing rising edge after any one or
more of the following conditions:

* Timer1 enabled after POR
¢ Write to TMR1H or TMR1L
» Timer1 is disabled

» Timer1 is disabled (TMR10ON = 0)
when T1CKl is high then Timer1 is
enabled (TMR10ON=1) when T1CKl is
low.

TMR1CS[1:0] T10SCEN

Clock Source

11 LFINTOSC

10

External Clocking on T1CKI Pin

01

System Clock (Fosc)

00

XX |o|x

Instruction Clock (Fosc/4)
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22.3 Timer1 Prescaler

Timer1 has four prescaler options allowing 1, 2, 4 or 8
divisions of the clock input. The CKPS bits of the
T1CON register control the prescale counter. The
prescale counter is not directly readable or writable;
however, the prescaler counter is cleared upon a write to
TMR1H or TMR1L.

22.4 Timer1 (Secondary) Oscillator

A dedicated low-power 32.768 kHz oscillator circuit is
built-in between pins SOSCI (input) and SOSCO
(amplifier output). This internal circuit is to be used in
conjunction with an external 32.768 kHz crystal.

The oscillator circuit is enabled by setting the OSCEN
bit of the T1CON register. The oscillator will continue to
run during Sleep.

Note: The oscillator requires a start-up and
stabilization time before use. Thus,
OSCEN should be set and a suitable
delay observed prior to using Timer1. A
suitable delay similar to the OST delay
can be implemented in software by
clearing the TMR1IF bit then presetting
the TMR1H:TMR1L register pair to
FCOOh. The TMR1IF flag will be set when
1024 clock cycles have elapsed, thereby
indicating that the oscillator is running and
reasonably stable.

22.5 Timer1 Operation in
Asynchronous Counter Mode

If the control bit SYNC of the T1CON register is set, the
external clock input is not synchronized. The timer
increments asynchronously to the internal phase
clocks. If the external clock source is selected then the
timer will continue to run during Sleep and can
generate an interrupt-on-overflow, which will wake-up
the processor. However, special precautions in
software are needed to read/write the timer (see
Section 22.5.1 “Reading and Writing Timer1 in
Asynchronous Counter Mode”).

22.5.1 READING AND WRITING TIMER1 IN
ASYNCHRONOUS COUNTER
MODE

Reading TMR1H or TMR1L while the timer is running
from an external asynchronous clock will ensure a valid
read (taken care of in hardware). However, the user
should keep in mind that reading the 16-bit timer in two
8-bit values itself, poses certain problems, since the
timer may overflow between the reads.

For writes, it is recommended that the user simply stop
the timer and write the desired values. A write
contention may occur by writing to the timer registers,
while the register is incrementing. This may produce an
unpredictable value in the TMR1H: TMR1L register pair.

22.6 Timer1 Gate

Timer1 can be configured to count freely or the count
can be enabled and disabled using Timer1 gate
circuitry. This is also referred to as Timer1 Gate Enable.

Timer1 gate can also be driven by multiple selectable
sources.

22.6.1 TIMER1 GATE ENABLE

The Timer1 Gate Enable mode is enabled by setting
the GE bit of the TIGCON register. The polarity of the
Timer1 Gate Enable mode is configured using the
GPOL bit of the T1IGCON register.

When Timer1 Gate Enable mode is enabled, Timer1
will increment on the rising edge of the Timer1 clock
source. When Timer1 Gate Enable mode is disabled,
no incrementing will occur and Timer1 will hold the
current count. See Figure 22-3 for timing details.

TABLE 22-3: TIMER1 GATE ENABLE

SELECTIONS
T1CLK | TIGPOL T1G Timer1 Operation
0 1 1 Counts
0 1 0 Holds Count
0 0 1 Holds Count
0 0 0 Counts

Note: When switching from synchronous to
asynchronous operation, it is possible to
skip an increment. When switching from
asynchronous to synchronous operation,
it is possible to produce an additional

increment.
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22.6.2 TIMER1 GATE SOURCE
SELECTION

Timer1 gate source selections are shown in Table 22-4.
Source selection is controlled by the T1GSS bits of the
T1GCON register. The polarity for each available source
is also selectable. Polarity selection is controlled by the
T1GPOL bit of the T1IGCON register.

TABLE 22-4: TIMER1 GATE SOURCES

Timer1 Gate Toggle mode is enabled by setting the
T1GTM bit of the TIGCON register. When the T1IGTM
bit is cleared, the flip-flop is cleared and held clear. This
is necessary in order to control which edge is
measured.

Note:  Enabling Toggle mode at the same time
as changing the gate polarity may result in
indeterminate operation.

T1GSS Timer1 Gate Source

11 Comparator 2 Output sync_C20UT
(optionally Timer1 synchronized output)

10 Comparator 1 Output sync_C10UT
(optionally Timer1 synchronized output)

01 Overflow of Timer0
(TMRO increments from FFh to 00h)

00 Timer1 Gate Pin

22.6.2.1 T1G Pin Gate Operation

The T1G pin is one source for Timer1 gate control. It
can be used to supply an external source to the Timer1
gate circuitry.

22.6.2.2 Timer0 Overflow Gate Operation

When Timer0 increments from FFh to O0O0h, a
low-to-high pulse will automatically be generated and
internally supplied to the Timer1 gate circuitry.

22.6.2.3 Comparator C1 Gate Operation

The output resulting from a Comparator 1 operation can
be selected as a source for Timer1 gate control. The
Comparator 1 output (sync_C10UT) can be
synchronized to the Timer1 clock or left asynchronous.
For more information see Section 19.4.1 “Comparator
Output Synchronization”.

226.24 Comparator C2 Gate Operation

The output resulting from a Comparator 2 operation
can be selected as a source for Timer1 gate control.
The Comparator 2 output (sync_C20UT) can be
synchronized to the Timer1 clock or left asynchronous.
For more information see Section 19.4.1 “Comparator
Output Synchronization”.

22.6.3 TIMER1 GATE TOGGLE MODE

When Timer1 Gate Toggle mode is enabled, it is possi-
ble to measure the full-cycle length of a Timer1 gate
signal, as opposed to the duration of a single level
pulse.

The Timer1 gate source is routed through a flip-flop that
changes state on every incrementing edge of the
signal. See Figure 22-4 for timing details.

226.4 TIMER1 GATE SINGLE-PULSE
MODE

When Timer1 Gate Single-Pulse mode is enabled, it is
possible to capture a single-pulse gate event. Timer1
Gate Single-Pulse mode is first enabled by setting the
T1GSPM bit in the T1GCON register. Next, the
T1GGO/DONE bit in the T1GCON register must be set.
The Timer1 will be fully enabled on the next
incrementing edge. On the next trailing edge of the
pulse, the TIGGO/DONE bit will automatically be
cleared. No other gate events will be allowed to
increment Timer1 until the TIGGO/DONE bit is once
again set in software. See Figure 22-5 for timing details.

If the Single-Pulse Gate mode is disabled by clearing the
T1GSPM bit in the TIGCON register, the T1GGO/DONE
bit should also be cleared.

Enabling the Toggle mode and the Single-Pulse mode
simultaneously will permit both sections to work
together. This allows the cycle times on the Timer1 gate
source to be measured. See Figure 22-6 for timing
details.

22.6.5 TIMER1 GATE VALUE STATUS

When Timer1 Gate Value Status is utilized, it is possible
to read the most current level of the gate control value.
The value is stored in the T1GVAL bit in the TIGCON
register. The T1GVAL bit is valid even when the Timer1
gate is not enabled (TMR1GE bit is cleared).

22.6.6 TIMER1 GATE EVENT INTERRUPT

When Timer1 Gate Event Interrupt is enabled, it is
possible to generate an interrupt upon the completion
of a gate event. When the falling edge of T1GVAL
occurs, the TMR1GIF flag bit in the PIR1 register will be
set. If the TMR1GIE bit in the PIE1 register is set, then
an interrupt will be recognized.

The TMR1GIF flag bit operates even when the Timer1
gate is not enabled (TMR1GE bit is cleared).

© 2015-2020 Microchip Technology Inc.
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22.7 Timer1 Interrupt

The Timer1 register pair (TMR1H:TMR1L) increments
to FFFFh and rolls over to 0000h. When Timer1 rolls
over, the Timer1 interrupt flag bit of the PIR1 register is
set. To enable the interrupt-on-rollover, you must set
these bits:

» ON bit of the TICON register

* TMR1IE bit of the PIE1 register

* PEIE bit of the INTCON register

» GIE bit of the INTCON register

The interrupt is cleared by clearing the TMR1IF bit in
the Interrupt Service Routine.

Note: The TMR1H:TMR1L register pair and the
TMR1IF bit should be cleared before
enabling interrupts.

22.8 Timer1 Operation During Sleep

Timer1 can only operate during Sleep when setup in

Asynchronous Counter mode. In this mode, an external

crystal or clock source can be used to increment the

counter. To set up the timer to wake the device:

* ON bit of the TICON register must be set

* TMR1IE bit of the PIE1 register must be set

* PEIE bit of the INTCON register must be set

+ SYNC bit of the TICON register must be set

» CS bits of the T1CON register must be configured

* OSCEN bit of the T1CON register must be
configured

The device will wake-up on an overflow and execute
the next instructions. If the GIE bit of the INTCON
register is set, the device will call the Interrupt Service
Routine.

Secondary oscillator will continue to operate in Sleep
regardless of the SYNC bit setting.

FIGURE 22-2:

TIMER1 INCREMENTING EDGE

229 CCP Capture/Compare Time Base

The CCP modules use the TMR1H:TMR1L register
pair as the time base when operating in Capture or
Compare mode.

In Capture mode, the value in the TMR1H:TMR1L
register pair is copied into the CCPR1H:CCPR1L
register pair on a configured event.

In Compare mode, an event is triggered when the value
in the CCPR1H:CCPR1L register pair matches the
value in the TMR1H:TMR1L register pair. This event
can be an Auto-conversion Trigger.

For more information, see Section 24.0

“Capture/Compare/PWM Modules”.

22.10 CCP Auto-Conversion Trigger

When any of the CCP’s are configured to trigger an
auto-conversion, the trigger will clear the
TMR1H:TMR1L register pair. This auto-conversion
does not cause a Timer1 interrupt. The CCP module
may still be configured to generate a CCP interrupt.

In this mode of operation, the CCPR1H:CCPR1L
register pair becomes the period register for Timer1.

Timer1 should be synchronized and Fosc/4 should be
selected as the clock source in order to utilize the
Auto-conversion Trigger. Asynchronous operation of
Timer1 can cause an Auto-conversion Trigger to be
missed.

In the event that a write to TMR1H or TMR1L coincides
with an Auto-conversion Trigger from the CCP, the
write will take precedence.

For more information, see Section 24.2.1 “Auto-Con-
version Trigger”.

T1CKI =1
when TMR1

Enabled *

T1CKI = 0

when TMR1
Enabled *

Note 1: Arrows indicate counter increments.

2: In Counter mode, a falling edge must be registered by the counter prior to the first incrementing rising edge of the clock.
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FIGURE 22-3: TIMER1 GATE ENABLE MODE

TMR1GE

T1GPOL

0 e s 8 e B e B e I B

T1GVAL | — |
Timer1 N ><N+1>< N+ 2 X N+3X N+4

FIGURE 22-4: TIMER1 GATE TOGGLE MODE

TMR1GE
T1GPOL

TIGTM
t1g_in
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FIGURE 22-5: TIMER1 GATE SINGLE-PULSE MODE

TMR1GE
T1GPOL

T1GSPM
T1GGO/ |<— Set by software

DONE

Cleared by hardware on
‘ falling edge of T1IGVAL

Counting enabled on
rising edge of T1G

i i i B il o B B e B I

T1GVAL :

Timer1 N >< N+1>< . O N+2
f Cleared by
TMR1GW Cleared by software ‘4— Set by hardware on <€— software

falling edge of T1IGVAL
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FIGURE 22-6: TIMER1 GATE SINGLE-PULSE AND TOGGLE COMBINED MODE

TMR1GE
T1GPOL
T1GSPM

T1GTM

T1GGO/ Set by software
DONE

Cleared by hardware on
‘ falling edge of T1IGVAL

Counting enabled on
rising edge of T1G

moo [ L L L L LTI

T1GVAL | ; : : |

Timer N XN+ 1TX N+2X N+3X N+4
Set by hardware on Cleared by
TMR1GF‘4— Cleared by software falling edge of T1GVAL mware
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22.11 Register Definitions: Timer1 Control

Long bit name prefixes for the Timer1 peripherals are
shown in Table 22-5. Refer to Section 1.1.2.2 “Long
Bit Names” for more information

TABLE 22-5:
Peripheral Bit Name Prefix
Timer1 T
Timer3 T3
Timer5 T5

REGISTER 22-1: T1CON: TIMER1 CONTROL REGISTER

R/W-0/u R/W-0/u R/W-0/u R/W-0/u R/W-0/u R/W-0/u uU-0 R/W-0/u
CS[1:0] CKPS[1:0] OSCEN( SYNC — ON
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 CS[1:0]: Timer1 Clock Source Select bits
11 = LFINTOSC
10 = Timer1 clock source is pin or oscillator:(1)
If TTOSCEN = 0:
External clock from T1CKIl pin (on the rising edge)
If TTOSCEN = 1:

Crystal oscillator on SOSCI/SOSCO pins
01 = Timer1 clock source is system clock (FOSC)
00 = Timer1 clock source is instruction clock (Fosc/4)
bit 5-4 CKPS[1:0]: Timer1 Input Clock Prescale Select bits

11 = 1:8 Prescale value
10 = 1:4 Prescale value
01 = 1:2 Prescale value
00 = 1:1 Prescale value

bit 3 OSCEN: LP Oscillator Enable Control bit(")
1 = Dedicated secondary oscillator circuit enabled
0 = Dedicated secondary oscillator circuit disabled
bit 2 SYNC: Timer1 Synchronization Control bit

1 = Do not synchronize asynchronous clock input
0 = Synchronize asynchronous clock input with system clock (FOsC)

bit 1 Unimplemented: Read as ‘0’
bit 0 ON: Timer1 On bit
1 = Enables Timer1
0 = Stops Timer1 and clears Timer1 gate flip-flop

Note 1: Timer1 only. Reserved, do not use for Timer3 and Timer5.
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REGISTER 22-2: T1GCON: TIMER1 GATE CONTROL REGISTER

R/W-0/u R/W-0/u R/W-0/u R/W-0/u R/W/HC-0/u R-x/x R/W-0/u R/W-0/u
GE GPOL GTM GSPM GGO/ GVAL GSS[1:0]
DONE

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 HC = Bit is cleared by hardware
bit 7 GE: Timer1 Gate Enable bit

If TMR1ON = 0:

This bit is ignored

If TMR1ON = 1:

1 = Timer1 counting is controlled by the Timer1 gate function
0 = Timer1 counts regardless of Timer1 gate function
bit 6 GPOL: Timer1 Gate Polarity bit
1 = Timer1 gate is active-high (Timer1 counts when gate is high)
0 = Timer1 gate is active-low (Timer1 counts when gate is low)
bit 5 GTM: Timer1 Gate Toggle Mode bit
1 = Timer1 Gate Toggle mode is enabled
0 = Timer1 Gate Toggle mode is disabled and toggle flip-flop is cleared
Timer1 gate flip-flop toggles on every rising edge.
bit 4 GSPM: Timer1 Gate Single-Pulse Mode bit
1 = Timer1 Gate Single-Pulse mode is enabled and is controlling Timer1 gate
0 = Timer1 Gate Single-Pulse mode is disabled
bit 3 GGO/DONE: Timer1 Gate Single-Pulse Acquisition Status bit
1 = Timer1 gate single-pulse acquisition is ready, waiting for an edge
0 = Timer1 gate single-pulse acquisition has completed or has not been started
bit 2 GVAL: Timer1 Gate Value Status bit
Indicates the current state of the Timer1 gate that could be provided to TMR1H:TMR1L
Unaffected by Timer1 Gate Enable (TMR1GE)
bit 1-0 GSS[1:0]: Timer1 Gate Source Select bits

11 = Comparator 2 optionally synchronized output (sync_C20UT)
10 = Comparator 1 optionally synchronized output (sync_C10UT)
01 = Timer0 overflow output

00 = Timer1 gate pin
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TABLE 22-6: SUMMARY OF REGISTERS ASSOCIATED WITH TIMER1

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 sﬁg;zt:;
ANSELA — — ANSA5 ANSA4 ANSA3 ANSA2 ANSA1 ANSAO 178
CCPxCON EN — ouT FMT MODE([3:0] 320
INTCON GIE PEIE TMROIE INTE IOCIE TMROIF INTF IOCIF 133
PIE1 TMR1GIE ADIE RCIE TXIE SSP1IE CCP1IE TMR2IE TMR1IE 134
PIR1 TMR1GIF ADIF RCIF TXIF SSP1IF CCP1IF TMR2IF TMR1IF 140
TMRxH Holding Register for the Most Significant Byte of the 16-bit TMR1/3/5 Register 276*
TMRxL Holding Register for the Least Significant Byte of the 16-bit TMR1/3/5 Register 276*
TRISA TRISA7 | TRISA6 TRISA5 | TRISA4 TRISA3 TRISA2 TRISA1 TRISAO 177
TxCON CSI[1:0] CKPS[1:0] OSCEN SYNC — ON 284
TxGCON GE GPOL GTM GSPM GGO/ GVAL GSS[1:0] 285

DONE
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used by the Timer1 module.

*

Page provides register information.
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23.0 TIMER2/4/6/8 MODULE * Three modes of operation:

) . - Free Running Period
The Timer2/4/6/8 modules are 8-bit timers that can

operate as free-running period counters or in - One-shot

conjunction with external signals that control start, run, - Monostable

freeze, and reset operation in One-Shot and See Figure 23-1 for a block diagram of Timer2. See
Monostable modes of operation. Sophisticated Figure 23-2 for the clock source block diagram.

waveform control such as pulse density modulation are
possible by combining the operation of these timers
with other internal peripherals such as the comparators
and CCP modules. Features of the timer include:

Note: Three identical Timer2 modules are
implemented on this device. The timers are
named Timer2, Timer4, Timer6, and
Timer8. All references to Timer2 apply as

* 8-bit timer register well to Timer4, Timer6é and Timer8. All

* 8-bit period register references to T2PR apply as well to T4PR,

« Selectable external hardware timer Resets T6PR and T8PR.

* Programmable prescaler (1:1 to 1:128)

* Programmable postscaler (1:1 to 1:16)

+ Selectable synchronous/asynchronous operation

« Alternate clock sources

« Interrupt-on-period

FIGURE 23-1: TIMER2 BLOCK DIAGRAM

RSEL — Rev. 10-000 1688

NP
TN MODE<4:0>

MODE<3>
: ’7
[}
[}
Edge Detector |_reset
External Reset TMRx_ers | Level Detector CCP_pset
Sources Mode Control
(Table 23-4) (2 clock Sync)
. £l
[}
MODE<4:3>=01
enable D Clear ON
MODE<4:1>=1011 - D Q——
CKPOL 4
TMRx clk _)D— Prescaler
3 TMRx Set flag bit
Sync TMRxIF
I
CKPS<2:0> Fosc/4 PSYNC TMRx_postscaled
Comparator [—e— Postscaler >

ON Sync
(2 Clocks)

‘ f
ouTPS<3:0>

CKSYNC

Note 1: Signal tothe CCP to trigger the PWM pulse
2: See Section 22.5 for description of CCP interaction in the different TMR modes
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FIGURE 23-2: TIMER2 CLOCK SOURCE
BLOCK DIAGRAM
TxCLKCON o 00 1653

512012014

TXINPPS

Timer Clock Sources
(See Table 23-3)

> TMR2_clk

/

23.1 Timer2 Operation

Timer2 operates in three major modes:

* Free Running Period
* One-shot
* Monostable

Within each mode there are several options for starting,
stopping, and reset. Table 23-1 lists the options.

In all modes, the TMR2 count register is incremented
on the rising edge of the clock signal from the program-
mable prescaler. When TMR2 equals T2PR, a high
level is output to the postscaler counter. TMR2 is
cleared on the next clock input.

An external signal from hardware can also be config-
ured to gate the timer operation or force a TMR2 count
Reset. In Gate modes the counter stops when the gate
is disabled and resumes when the gate is enabled. In
Reset modes the TMR2 count is reset on either the
level or edge from the external source.

The TMR2 and T2PR registers are both directly read-
able and writable. The TMR2 register is cleared and the
T2PR register initializes to FFh on any device Reset.
Both the prescaler and postscaler counters are cleared
on the following events:

* a write to the TMR2 register

» a write to the T2CON register

+ any device Reset

+ External Reset Source event that resets the timer.

Note: TMR2 is not cleared when T2CON is
written.

23.1.1 FREE RUNNING PERIOD MODE

The value of TMR2 is compared to that of the Period
register, T2PR, on each clock cycle. When the two
values match, the comparator resets the value of TMR2
to 00h on the next cycle and increments the output
postscaler counter. When the postscaler count equals
the value in the OUTPS[4:0] bits of the TMRxCON1
register then a one clock period wide pulse occurs on the
TMR2_postscaled output, and the postscaler count is
cleared.

23.1.2 ONE-SHOT MODE

The One-Shot mode is identical to the Free Running
Period mode except that the ON bit is cleared and the
timer is stopped when TMR2 matches T2PR and will
not restart until the T20N bit is cycled off and on.
Postscaler OUTPS[4:0] values other than 0 are
meaningless in this mode because the timer is stopped
at the first period event and the postscaler is reset
when the timer is restarted.

23.1.3 MONOSTABLE MODE

Monostable modes are similar to One-Shot modes
except that the ON bit is not cleared and the timer can
be restarted by an external Reset event.

23.2 PRx Period Register

The PRx period register is double buffered, software
reads and writes the PRx register. However, the timer
uses a buffered PRx register for operation. Software
does not have direct access to the buffered PRx
register. The contents of the PRx register is transferred
to the buffer by any of the following events:

* Awrite to the TMRX register
* Awrite to the TMRxCON register

* When TMRx = PRx buffer and the prescaler rolls
over

« An external Reset event

23.3 Timer2 Output

The Timer2 module’s primary output is TMR2_posts-
caled, which pulses for a single TMR2_clk period when
the postscaler counter matches the value in the
OUTPS bits of the TMR2xCON register. The T2PR
postscaler is incremented each time the TMR2 value
matches the T2PR value. This signal can be selected
as an input to several other input modules:

* The ADC module, as an Auto-conversion Trigger
¢ COG, as an auto-shutdown source
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In addition, the Timer2 is also used by the CCP module
for pulse generation in PWM mode. Both the actual
TMR2 value as well as other internal signals are sent to
the CCP module to properly clock both the period and
pulse width of the PWM signal. See Section 24.6
“CCP/PWM Clock Selection” for more details on
setting up Timer2 for use with the CCP, as well as the
timing diagrams in Section 23.6 “Operation Exam-
ples” for examples of how the varying Timer2 modes
affect CCP PWM output.

23.4 External Reset Sources

In addition to the clock source, the Timer2 also takes in
an external Reset source. This external Reset source
is selected for Timer2, Timer4, Timer6 and Timer8 with
the T2RST, T4RST, T6RST and T8RST registers,
respectively. This source can control starting and
stopping of the timer, as well as resetting the timer,
depending on which mode the timer is in. The mode of
the timer is controlled by the MODE[4:0] bits of the
TMRXxHLT register. Edge-Triggered modes require six
Timer clock periods between external triggers.
Level-Triggered modes require the triggering level to
be at least three Timer clock periods long. External
triggers are ignored while in Debug Freeze mode.
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TABLE 23-1: TIMER2 OPERATING MODES
MODE[4:0] Timer Control
Mode OOUtptl.’t Operation
[4:3] | [2:0] | VPeration Start Reset Stop
000 Software gate (Figure 23-4) ON=1 — ON=0
. Hardware gate, active-high ON =1 and — ON=0or
001 F:j:f: (Figure 23-5) TMRx_ers =1 TMRx_ers =0
) ON=1and — ON =0 or
010 Hardware gate, active-low TMRX_ers = 0 TMRx_ers = 1
Freg 011 Rising or falling edge Reset TMRx_ers |
Running 00 — - _
Period 100 Period Rising edge Reset (Figure 23-6) TMRx_ers 1 ON=0
101 Pulse Falling edge Reset TMRx_ers |
with ON=1 ON =0 or
110 | Hardware Low level Reset TMRx_ers = 0 TMRx_ers = 0
Reset High level Reset (Figure 23-7 ON=0
111 igh level Reset (Figure 23-7) TMRx_ers = 1 =0or
TMRx_ers =1
000 | One-shot Software start (Figure 23-8) ON=1 —
. . ON=1 and
001 Edge Rising edge start (Figure 23-9) TMRx_ers 1 _
triggered . ON=1 and .
010 start Falling edge start TMRx_ers |
(Note 1) ON =1 and ON=0
011 Any edge start TMRX_ers | — or
One-shot 01 Risi dae start and ON= d Next clock
100 Ed Rising edge Reset (Figure 23-10) | TR ereq | TMRKSrST afler
y ge . ising edge Reset (Figure 23-10) x_ers 1 TMRx = PRx
riggere Falling edge start and ON=1and (Note 2)
101 Sta(';t Falling edge Reset TMRx_ers | TMRx_ers |
an
Rising edge start and ON=1 and
hardware =
R R Low level Reset (Figure 23-11) TMRx_ers 1 | |VRx_ers =0
(Note 1) Falling edge start and ON=1and -
11l High level Reset TMRx_ers | TMRx_ers =1
000 Reserved
001 Risi.ng edge start ON =1 and . ON =0
Edge (Figure 23-12) TMRx_ers 1 or
Mono-stable triggered . ON=1 and Next clock
010 start Falling edge start TMRx_ers | - after
(Note 1) ON =1 and TMRx = PRx
011 Any edge start TMRx_ers | — (Note 3)
Reserved 10 100 Reserved
Reserved 101 Reserved
Level High level start and ON =1 and _
110 triggered Low level Reset (Figure 23-13) TMRx_ers =1 TMRx_ers = 0 ON=0or
One-shot Satr?g Low level start & ON =1 and Held in Reset
ow level sta =1lan
= Note 2
L1 hardware High level Reset TMRx ers=o | TMRx_ers=1 | )
Reset
Reserved 11 XXX Reserved
Note 1: If ON = 0 then an edge is required to restart the timer after ON = 1.

2:  When TMRx = PRx then the next clock clears ON and stops TMRx at 00h.
3:  When TMRx = PRx then the next clock stops TMRx at 00h but does not clear ON.
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23.5 Timer2 Interrupt

Timer2 can also generate a device interrupt. The
interrupt is generated when the postscaler counter
matches one of 16 postscale options (from 1:1 through
1:16), which are selected with the postscaler control
bits, OUTPS[3:0] of the T2CON register. The interrupt
is enabled by setting the TMR2IE interrupt enable bit of
the PIE1 register. Interrupt timing is illustrated in

Figure 23-3.
FIGURE 23-3: TIMER2 PRESCALER, POSTSCALER, AND INTERRUPT TIMING DIAGRAM
CKPS‘ 0b010 \
PRX‘ 1 \
OUTPS‘ 0b0001 \

TMRx_clk
TMRx 0 | 1 | 0 | 1 | 0 | 1 | 0 >
TMRx_postscaled ﬂ m

TMRXIF Q] ‘ ‘ @ )

Note 1:  Setting the interrupt flag is synchronized with the instruction clock.
Synchronization may take as many as 2 instruction cycles
2: Cleared by software.
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23.6 Operation Examples

Unless otherwise specified, the following notes apply to
the following timing diagrams:

- Both the prescaler and postscaler are set to
1:1 (both the CKPS and OUTPS bits in the
TxCON register are cleared).

- The diagrams illustrate any clock except
Fosc/4 and show clock-sync delays of at
least two full cycles for both ON and
Timer2_ers. When using Fosc/4, the
clock-sync delay is at least one instruction
period for Timer2_ers; ON applies in the next
instruction period.

- The PWM Duty Cycle and PWM output are
illustrated assuming that the timer is used for
the PWM function of the CCP module as
described in Section 24.6 “CCP/PWM Clock
Selection”. The signals are not a part of the
Timer2 module.

FIGURE 23-4:

23.6.1 SOFTWARE GATE MODE

This mode corresponds to legacy Timer2 operation.
The timer increments with each clock input when
ON =1 and does not increment when ON = 0. When
the TMRx count equals the PRx period count the timer
resets on the next clock and continues counting from 0.
Operation with the ON bit software controlled is illus-
trated in Figure 23-4. With PRx =5, the counter
advances until TMRx =5, and goes to zero with the
next clock.

SOFTWARE GATE MODE TIMING DIAGRAM (MODE = 00000)

Rev. 10-0001958
5130/2014

MODE \

0b00000 \

TMRx_clk

Instruction" BSF

BCF BSF

TMRx_postscaled ﬂ

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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23.6.2 HARDWARE GATE MODE

The Hardware Gate modes operate the same as the
Software Gate mode except the TMRx_ers external
signal can also gate the timer. When used with the CCP
the gating extends the PWM period. If the timer is
stopped when the PWM output is high then the duty
cycle is also extended.

FIGURE 23-5:

When MODE[4:0] = 00001 then the timer is stopped
when the external signal is high. When
MODE[4:0] = 00010 then the timer is stopped when
the external signal is low.

Figure 23-5 illustrates the Hardware Gating mode for
MODE[4:0] = 00001 in which a high input level starts
the counter.

HARDWARE GATE MODE TIMING DIAGRAM (MODE = 00001)

Rev. 10-000 1968
513012014

MODE|

0600001 |

TMRx_clk

TMRx_postscaled

PWM Duty
Cycle

PWM Output
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23.6.3 EDGE-TRIGGERED HARDWARE
LIMIT MODE

In Hardware Limit mode the timer can be reset by the
TMRXx_ers external signal before the timer reaches the
period count. Three types of Resets are possible:

» Reset on rising or falling edge
(MODEJ[4:0]= 00011)
* Reset on rising edge (MODE[4:0] = 00100)
* Reset on falling edge (MODE[4:0] = 00101)
When the timer is used in conjunction with the CCP in
PWM mode then an early Reset shortens the period

and restarts the PWM pulse after a two clock delay.
Refer to Figure 23-6.

FIGURE 23-6: EDGE-TRIGGERED HARDWARE LIMIT MODE TIMING DIAGRAM
(MODE = 00100)

10-000 1978
5/30/2014

MODE| 0b00100 |
TMRx_clk
PRx| 5 |

Instruction‘® {BSF} <BCFHBS%
structio \BSF}

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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23.6.4 LEVEL-TRIGGERED HARDWARE
LIMIT MODE

In the Level-Triggered Hardware Limit Timer modes the
counter is reset by high or low levels of the external
signal TMRXx_ers, as shown in Figure 23-7. Selecting
MODE[4:0] = 00110 will cause the timer to reset on a
low level external signal. Selecting
MODE[4:0] = 00111 will cause the timer to reset on a
high level external signal. In the example, the counter
is reset while TMRx_ers = 1. ON is controlled by BSF
and BCF instructions. When ON = 0 the external signal
is ignored.

When the CCP uses the timer as the PWM time base
then the PWM output will be set high when the timer
starts counting and then set low only when the timer
count matches the CCPRx value. The timer is reset
when either the timer count matches the PRx value or
two clock periods after the external Reset signal goes
true and stays true.

FIGURE 23-7:
(MODE = 00111)

The timer starts counting, and the PWM output is set
high, on either the clock following the PRx match or two
clocks after the external Reset signal relinquishes the
Reset. The PWM output will remain high until the timer
counts up to match the CCPRXx pulse width value. If the
external Reset signal goes true while the PWM output
is high then the PWM output will remain high until the
Reset signal is released allowing the timer to count up
to match the CCPRXx value.

LEVEL-TRIGGERED HARDWARE LIMIT MODE TIMING DIAGRAM

Rev. 10-0001988
513012014

MODE \

0b00111 ‘

TMRx_clk

PRX‘

Instruction™ BSF
el

ON
TMRXx_ers

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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23.6.5 SOFTWARE START ONE-SHOT
MODE

In One-Shot mode the timer resets and the ON bit is
cleared when the timer value matches the PRx period
value. The ON bit must be set by software to start
another timer cycle. Setting MODE[4:0] = 01000
selects One-Shot mode which is illustrated in
Figure 23-8. In the example, ON is controlled by BSF
and BCF instructions. In the first case, a BSF instruction
sets ON and the counter runs to completion and clears
ON. In the second case, a BSF instruction starts the
cycle, BCF/BSF instructions turn the counter off and on
during the cycle, and then it runs to completion.

FIGURE 23-8:

When One-Shot mode is used in conjunction with the
CCP PWM operation the PWM pulse drive starts con-
current with setting the ON bit. Clearing the ON bit
while the PWM drive is active will extend the PWM
drive. The PWM drive will terminate when the timer
value matches the CCPRx pulse width value. The
PWM drive will remain off until software sets the ON bit
to start another cycle. If software clears the ON bit after
the CCPRx match but before the PRx match then the
PWM drive will be extended by the length of time the
ON bit remains cleared. Another timing cycle can only
be initiated by setting the ON bit after it has been
cleared by a PRx period count match.

SOFTWARE START ONE-SHOT MODE TIMING DIAGRAM (MODE = 01000)

Rev. 10-0001998
41712016

MODE

0b01000 \

TMRx_clk

PRx

5 |

Instruction‘" BSF

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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23.6.6 EDGE-TRIGGERED ONE-SHOT
MODE

The Edge-Triggered One-Shot modes start the timer
on an edge from the external signal input, after the ON
bit is set, and clear the ON bit when the timer matches
the PRx period value. The following edges will start the
timer:

* Rising edge (MODE[4:0] = 01001)

+ Falling edge (MODE[4:0] = 01010)

* Rising or Falling edge (MODE[4:0] = 01011)

FIGURE 23-9:

If the timer is halted by clearing the ON bit then another
TMRx_ers edge is required after the ON bit is set to
resume counting. Figure 23-9 illustrates operation in
the rising edge One-Shot mode.

When Edge-Triggered One-Shot mode is used in con-
junction with the CCP then the edge-trigger will activate
the PWM drive and the PWM drive will deactivate when
the timer matches the CCPRx pulse width value and
stay deactivated when the timer halts at the PRx period
count match.

EDGE-TRIGGERED ONE-SHOT MODE TIMING DIAGRAM (MODE = 01001)

Rev. 10-0002008
5/19/2016

MODE \

0601001 \

TMRx_clk

PRX‘

5

BSF BCF

Instruction® BSF

ON |

I
TMRx_ers 4,—\—[ ]

™MRe( 0 [1]2]3]4]s5}
CCP_pset ﬂ

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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23.6.7 EDGE-TRIGGERED HARDWARE
LIMIT ONE-SHOT MODE

In Edge-Triggered Hardware Limit One-Shot modes
the timer starts on the first external signal edge after
the ON bit is set and resets on all subsequent edges.
Only the first edge after the ON bit is set is needed to
start the timer. The counter will resume counting
automatically two clocks after all subsequent external
Reset edges. Edge triggers are as follows:
* Rising edge start and Reset

(MODE[4:0] = 01100)
» Falling edge start and Reset

(MODE[4:0] = 01101)
The timer resets and clears the ON bit when the timer
value matches the PRx period value. External signal
edges will have no effect until after software sets the
ON bit. Figure 23-10 illustrates the rising edge hard-
ware limit one-shot operation.

When this mode is used in conjunction with the CCP
then the first starting edge trigger, and all subsequent
Reset edges, will activate the PWM drive. The PWM
drive will deactivate when the timer matches the
CCPRXx pulse-width value and stay deactivated until
the timer halts at the PRx period match unless an exter-
nal signal edge resets the timer before the match
occurs.
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FIGURE 23-10: EDGE-TRIGGERED HARDWARE LIMIT ONE-SHOT MODE TIMING DIAGRAM (MODE = 01100)

Rev. 10-0002018

MODE | 0b01100 |
TMRx_clk
PRX| 5
Instruction™ BSF BSF

ON | ] I
TMRx_ers Q \—,—\—‘
™Re 0 J1j2]3]4)s] 0 2 )0 frfzfsfefs) o
’7

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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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.

DS40001819D-page 300

© 2015-2020 Microchip Technology Inc.



"ou| ABojouyda] diyooolN 0Z0Z-GL0Z @

Lo¢ ebed-a6181000¥SA

FIGURE 23-11:

LOW LEVEL RESET, EDGE-TRIGGERED HARDWARE LIMIT ONE-SHOT MODE TIMING DIAGRAM (MODE = 01110)

TMRx_postscaled ‘ ‘

Rev. 10-0002028
41712016

MODE \ 0b01110 \
TMRx_clk
PRX| 5
Instruction® BSF BSF

T

ON |
TMRx_ersQ \—‘

PWM Duty
Cycle

w

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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23.6.9 EDGE-TRIGGERED MONOSTABLE
MODES

The Edge-Triggered Monostable modes start the timer
on an edge from the external Reset signal input, after
the ON bit is set, and stop incrementing the timer when
the timer matches the PRx period value. The following
edges will start the timer:

» Rising edge (MODE[4:0] = 10001)

 Falling edge (MODE[4:0] = 10010)

* Rising or Falling edge (MODE[4:0] = 10011)

When an Edge-Triggered Monostable mode is used in
conjunction with the CCP PWM operation the PWM
drive goes active with the external Reset signal edge
that starts the timer, but will not go active when the
timer matches the PRx value. While the timer is incre-

menting, additional edges on the external Reset signal
will not affect the CCP PWM.
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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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23.6.10 LEVEL-TRIGGERED HARDWARE
LIMIT ONE-SHOT MODES

The Level-Triggered Hardware Limit One-Shot modes
hold the timer in Reset on an external Reset level and
start counting when both the ON bit is set and the exter-
nal signal is not at the Reset level. If one of either the
external signal is not in Reset or the ON bit is set then
the other signal being set/made active will start the
timer. Reset levels are selected as follows:

* Low Reset level (MODE[4:0] = 10110)
» High Reset level (MODE[4:0] = 10111)

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 the timer will stay in Reset until both the ON bit
is set and the external signal is not at the Reset level.

When Level-Triggered Hardware Limit One-Shot
modes are used in conjunction with the CCP PWM
operation the PWM drive goes active with either the
external signal edge or the setting of the ON bit,
whichever of the two starts the timer.
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FIGURE 23-13: LEVEL-TRIGGERED HARDWARE LIMIT ONE-SHOT MODE TIMING DIAGRAM (MODE = 10110)

Rev. 10-000204A
41712016

MODE \ 0610110
TMR2_clk
PRX‘ 5 \
fosF)

Instruction™” [esr) s BCF)—{BSF
il il

ON \
TMR2_ersJ \

TMR2_postscaled

PWM Duty

Cycle D3 ‘

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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23.7 PR2 Period Register

The PR2 period register (T2PR) is double-buffered.
Software reads and writes the PR2 register. However,
the timer uses a buffered PR2 register for operation.
Software does not have direct access to the buffered
PR2 register. The contents of the PR2 register are
transferred to the buffer by any of the following events:

* Awrite to the TMR2 register
» Awrite to the TMR2CON register

* When TMR2 = PR2 buffer and the prescaler rolls
over

* An external Reset event

23.8 Timer2 Operation During Sleep

When PSYNC = 1, Timer2 cannot be operated while
the processor is in Sleep mode. The contents of the
TMR2 and T2PR registers will remain unchanged while
processor is in Sleep mode.

When PSYNC = 0, Timer2 will operate in Sleep as long
as the clock source selected is also still running.
Selecting the LFINTOSC, MFINTOSC, or HFINTOSC
oscillator as the timer clock source will keep the
selected oscillator running during Sleep.
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23.9 Register Definitions: Timer2/4/6/8 Control

Long bit name prefixes for the Timer2/4/6/8 peripherals
are shown in Table 23-2. Refer to Section 1.1.2.2
“Long Bit Names” for more information

TABLE 23-2:
Peripheral Bit Name Prefix
Timer2 T2
Timer4 T4
Timer6 T6
Timer8 T8

REGISTER 23-1: TxCLKCON: TIMERx CLOCK SELECTION REGISTER

u-0 U-0 u-0 u-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
= = = = CS[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’ = Bit is cleared
bit 7-4 Unimplemented: Read as ‘0’
bit 3-0 CS[3:0]: Timerx Clock Selection bits
See Table 23-3.
TABLE 23-3: TIMERx CLOCK SOURCES
CSI[3:0] Timer2 Timer4 Timer6 Timer8
1100-1111 Reserved Reserved Reserved Reserved
1011 LC4_out LC4_out LC4_out LC4 out
1010 LC3_out LC3_out LC3_out LC3 out
1001 LC2_out LC2_out LC2_out LC2_out
1000 LC1_out LC1_out LC1_out LC1_out
0111 ZCD_out ZCD_out ZCD_out ZCD_out
0110 SOSC SOSC SOSC SOSC
0101 MFINTOSC MFINTOSC MFINTOSC MFINTOSC
0100 LFINTOSC LFINTOSC LFINTOSC LFINTOSC
0011 HFINTOSC HFINTOSC HFINTOSC HFINTOSC
0010 Fosc Fosc Fosc Fosc
0001 Fosc/4 Fosc/4 Fosc/4 Fosc/4
0000 Pin selected by T2INPPS | Pin selected by T4INPPS | Pin selected by T6INPPS | Pin selected by TSINPPS

© 2015-2020 Microchip

Technology Inc.
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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(M 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

‘1" = Bitis set

X = Bit is unknown

‘0’ = Bit is cleared

-n/n = Value at POR and BOR/Value at all other Resets
HC = Bit is cleared by hardware

bit 7

bit 6-4

bit 3-0

ON: Timerx On bit
1 = Timerxis on

0 = Timerx is off: all counters and state machines are reset
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

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”.
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REGISTER 23-3: TxHLT: TIMERx HARDWARE LIMIT CONTROL 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

PSYNc(1:2 | ckpoL® |cksSYNC®9) MODE[4:0](® 7)
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 PSYNC: Timerx Prescaler Synchronization Enable bit(1: 2)

1 = TMRXx Prescaler Output is synchronized to Fosc/4
0 = TMRXx Prescaler Output is not synchronized to Fosc/4

bit 6 CKPOL: Timerx Clock Polarity Selection bit(®)
1 = Falling edge of input clock clocks timer/prescaler
0 = Rising edge of input clock clocks timer/prescaler

bit 5 CKSYNC: Timerx Clock Synchronization Enable bit(4: 5)
1 = ON register bit is synchronized to TMR2_clk input
0 = ON register bit is not synchronized to TMR2_clk input

bit 4-0 MODE[4:0]: Timerx Control Mode Selection bits(® 7)
See Table 23-1.

Note 1: Setting this bit ensures that reading TMRXx will return a valid value.
2: When this bit is ‘1’, Timer2 cannot operate in Sleep mode.
CKPOL should not be changed while ON = 1.
Setting this bit ensures glitch-free operation when the ON is enabled or disabled.
When this bit is set then the timer operation will be delayed by two TMRx input clocks after the ON bit is set.

Unless otherwise indicated, all modes start upon ON = 1 and stop upon ON = 0 (stops occur without affect-
ing the value of TMRX).

7: When TMRx = PR, the next clock clears TMRX, regardless of the operating mode.
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REGISTER 23-4:

TXRST: TIMERX EXTERNAL RESET SIGNAL SELECTION REGISTER

u-0 U-0 U-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— — — RSEL[4:0]
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 7-5 Unimplemented: Read as ‘0’
bit 4-0 RSEL[4:0]: TimerX External Reset Signal Source Selection bits
See Table 23-4.
TABLE 23-4: EXTERNAL RESET SOURCES
RSEL[4:0] Timer2 Timer4 Timer6 Timer8
11111 Reserved Reserved Reserved Reserved
11110 Reserved Reserved Reserved Reserved
11101 LC4_out LC4_out LC4 out LC4 out
11100 LC3_out LC3_out LC3_out LC3_out
11011 LC2_out LC2_out LC2_out LC2_out
11010 LC1_out LC1_out LC1_out LC1_out
11001 ZCD_out ZCD_out ZCD_out ZCD_out
11000(M sync_C80UT sync_C80UT sync_C80UT sync_C80UT
10111M sync_C70UT sync_C70UT sync_C70UT sync_C70UT
10110 sync_C60UT sync_C60UT sync_C60UT sync_C60UT
10101 sync_C50UT sync_C50UT sync_C50UT sync_C50UT
10100 sync_C40UT sync_C40UT sync_C40UT sync_C40UT
10011 sync_C30UT sync_C30UT sync_C30UT sync_C30UT
10010 sync_C20UT sync_C20UT sync_C20UT sync_C20UT
10001 sync_C10UT sync_C10UT sync_C10UT sync_C10UT
10000M PWM12_out PWM12_out PWM12_out PWM12_out
01111 PWM11_out PWM11_out PWM11_out PWM11_out
01110 PWM6_out PWM6_out PWM6_out PWM6_out
01101 PWMS5_out PWMS5_out PWMS5_out PWMS5_out
01100 PWM10_out PWM10_out PWM10_out PWM10_out
01011 PWM9_out PWM9_out PWM9_out PWM9_out
01010 PWM4_out PWM4_out PWM4_out PWM4_out
01001 PWM3_out PWM3_out PWM3_out PWM3_out
01000M CCP8_out CCP8_out CCP8_out CCP8_out
00111 CCP7_out CCP7_out CCP7_out CCP7_out
00110 CCP2_out CCP2_out CCP2_out CCP2_out
00101 CCP1_out CCP1_out CCP1_out CCP1_out
00100 TMR8_postscaled TMR8_postscaled TMR8_postscaled Reserved
00011 TMR6_postscaled TMR6_postscaled Reserved TMR6_postscaled
00010 TMR4_postscaled Reserved TMR4_postscaled TMR4_postscaled
00001 Reserved TMR2_postscaled TMR2_postscaled TMR2_postscaled
00000 Pin selected byT2INPPS | Pin selected by T4INPPS | Pin selected by T6INPPS | Pin selected by T INPPS
Note 1: PIC16LF1777/9 only.
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TABLE 23-5: SUMMARY OF REGISTERS ASSOCIATED WITH TIMER2

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | egister

on Page
CCP1CON EN = ouT FMT MODE[3:0] 320
CCP2CON EN — ouT FMT MODE([3:0] 320
CCP7CON EN — ouT FMT MODE([3:0] 320
ccPsCoN™ EN — ouT FMT MODE[3:0] 320
INTCON GIE PEIE TMROIE INTE IOCIE TMROIF INTF IOCIF 133
PIE1 TMR1GIE ADIE RCIE TXIE SSP1IE CCP1IE TMR2IE TMRA1IE 134
PIR1 TMR1GIF ADIF RCIF TXIF SSP1IF CCP1IF TMR2IF TMR1IF 140
T2PR Timer2 Module Period Register 288*
TMR2 Holding Register for the 8-bit TMR2 Register 288*
T2CON ON CKPS[2:0] OUTPSI[3:0] 308
T2CLKCON — — — — CSI[3:0] 307
T2RST — — — RSEL[4:0] 310
T2HLT PSYNC CKPOL CKSYNC MODE[4:0] 309
T4PR Timer4 Module Period Register 288*
TMR4 Holding Register for the 8-bit TMIR4 Register 288*
T4CON ON CKPS[2:0] OUTPSI[3:0] 308
T4CLKCON — — — — CSI[3:0] 307
T4ARST — — — RSEL[4:0] 310
T4HLT PSYNC CKPOL CKSYNC MODE[4:0] 309
T6PR Timer6 Module Period Register 288*
TMR6 Holding Register for the 8-bit TMIR6 Register 288*
T6CON ON CKPS[2:0] OUTPSI[3:0] 308
T6CLKCON — — — — CSI[3:0] 307
T6RST — — — RSEL[4:0] 310
TEHLT PSYNC CKPOL CKSYNC MODE[4:0] 309
T8PR Timer6 Module Period Register 288*
TMR8 Holding Register for the 8-bit TMIR6 Register 288*
T8CON ON CKPS[2:0] OUTPSI[3:0] 308
T8CLKCON — — — — CSI[3:0] 307
T8RST — — — RSEL[4:0] 310
T8HLT PSYNC CKPOL CKSYNC MODE[4:0] 309
Legend: = — = unimplemented location, read as ‘0’. Shaded cells are not used for Timer2 module.

*

Page provides register information.
Note 1: PIC16LF1777/9 only.

© 2015-2020 Microchip Technology Inc. DS40001819D-page 311



PIC16(L)F1777/8/9

24.0 CAPTURE/COMPARE/PWM
MODULES

The Capture/Compare/PWM module is a peripheral
which allows the user to time and control different
events, and to generate Pulse-Width Modulation
(PWM) signals. In Capture mode, the peripheral allows
the timing of the duration of an event. The Compare
mode allows the user to trigger an external event when
a predetermined amount of time has expired. The
PWM mode can generate Pulse-Width Modulated
signals of varying frequency and duty cycle.

TABLE 24-1: AVAILABLE CCP MODULES

Device CCP1 | CCP2 | CCP7 | CCP8
PIC16(L)F1778 ° ° °
PIC16(L)F1777/9 ° ° ° °

Note 1: In devices with more than one CCP
module, it is very important to pay close
attention to the register names used. A
number placed after the module acronym
is used to distinguish between separate
modules. For example, the CCP1CON
and CCP2CON control the same
operational aspects of two completely
different CCP modules.

2: Throughout this section, generic
references to a CCP module in any of its
operating modes may be interpreted as
being equally applicable to a CCPx
module. Register names, module signals,
/O pins, and bit names may use the
generic designator ‘X’ to indicate the use of
a numeral to distinguish a particular
module, when required.

241 Capture Mode

The Capture mode function described in this section is
available and identical for all CCP modules.

Capture mode makes use of the 16-bit Timer1

resource. When an event occurs on the CCPx input,

the 16-bit CCPRxH:CCPRXxL register pair captures and

stores the 16-bit value of the TMR1H:TMR1L register

pair, respectively. An event is defined as one of the

following and is configured by the MODE[3:0] bits of the

CCPxCON register:

» Every edge (rising or falling)

» Every falling edge

» Every rising edge

* Every 4th rising edge

« Every 16th rising edge

The CCPx capture input signal is configured by the

CTS bits of the CCPxCAP register with the following

options:

+ CCPx pin

* Comparator 1 output (C1_OUT_sync

» Comparator 2 output (C2_OUT_sync

» Comparator 7 output (C7_OUT_sync

» Comparator 8 output (C8_OUT_sync
(PIC16(L)F1777/9 only)

* LC2_output

* LC3_output

* Interrupt-on-change interrupt trigger
(IOC_interrupt)

When a capture is made, the Interrupt Request Flag bit
CCPxIF of the PIRx register is set. The interrupt flag
must be cleared in software. If another capture occurs
before the value in the CCPRxH:CCPRXL register pair
is read, the old captured value is overwritten by the new
captured value.

—_ e

Figure 24-1 shows a simplified diagram of the capture
operation.

2411 CCP PIN CONFIGURATION

In Capture mode, select the interrupt source using the
CTS bits of the CCPxCAP register. If the CCPx pin is
chosen, it should be configured as an input by setting
the associated TRIS control bit.

Note: If the CCPx pinis configured as an output,
a write to the port can cause a capture
condition.
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FIGURE 24-1: CAPTURE MODE OPERATION BLOCK DIAGRAM
RxyPPS e
CTS<2:0>
TRIS Control
| ccPRreH | ccPRxL |
® | | @ @ - 0
| ] 16
hd Prescaler __/_and_\_ A set CfPXIF x
° | 14,16 Edge Detect | L
- 1 16
N’ T
CCP PPS
X / MODE <3:0> TMRTH | TMRIL |
CCPxPPS
Note:  Capture sources. See Register 24-4.
24.1.2 TIMER1 MODE RESOURCE 2415 CAPTURE DURING SLEEP

Timer1 must be running in Timer mode or Synchronized
Counter mode for the CCP module to use the capture
feature. In Asynchronous Counter mode, the capture
operation may not work.

See Section 22.0 “Timer1/3/5 Module with Gate
Control” for more information on configuring Timer1.

2413 SOFTWARE INTERRUPT MODE

When the Capture mode is changed, a false capture
interrupt may be generated. The user should keep the
CCPXxIE interrupt enable bit of the PIEx register clear to
avoid false interrupts. Additionally, the user should
clear the CCPXxIF interrupt flag bit of the PIRx register
following any change in operating mode.

Note:  Clocking Timer1 from the system clock
(Fosc) should not be used in Capture
mode. In order for Capture mode to
recognize the trigger event on the CCPx
pin, Timer1 must be clocked from the
instruction clock (Fosc/4) or from an
external clock source.

2414 CCP PRESCALER

There are four prescaler settings specified by the
MODE[3:0] bits of the CCPxCON register. Whenever
the CCP module is turned off, or the CCP module is not
in Capture mode, the prescaler counter is cleared. Any
Reset will clear the prescaler counter.

Switching from one capture prescaler to another does not
clear the prescaler and may generate a false interrupt. To
avoid this unexpected operation, turn the module off by
clearing the EN bit of the CCPxCON register before
changing the prescaler.

Capture mode depends upon the Timer1 module for
proper operation. There are two options for driving the
Timer1 module in Capture mode. It can be driven by the
instruction clock (FOsc/4), or by an external clock source.

When Timer1 is clocked by Fosc/4, Timer1 will not
increment during Sleep. When the device wakes from
Sleep, Timer1 will continue from its previous state.

Capture mode will operate during Sleep when Timer1
is clocked by an external clock source.

2416 ALTERNATE PIN LOCATIONS

This module incorporates 1/O pins that can be moved to
other locations with the use of the PPS controls. See
Section 12.0 “Peripheral Pin Select (PPS) Module”
for more details.

2417 CAPTURE OUTPUT

Whenever a capture occurs, the output of the CCP will
go high for a period equal to one system clock period
(1/Fosc). This output is available as an input signal to
the following peripherals:

« ADC Trigger

« COG

* PRG

« DSM

- CLC

* Op Amp override

» Timer2/4/6/8 Reset

* Any device pins

In addition, the CCP output can be output to any pin
with that pin’s PPS control.

© 2015-2020 Microchip Technology Inc.
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24.2 Compare Mode

The Compare mode function described in this section
is available and identical for all CCP modules.

Compare mode makes use of the 16-bit Timer1
resource. The 16-bit value of the CCPRxH:CCPRxL
register pair is constantly compared against the 16-bit
value of the TMR1H:TMR1L register pair. When a
match occurs, one of the following events can occur:

+ Toggle the CCPx output

» Set the CCPx output

» Clear the CCPx output

* Pulse the CCPx output

» Generate a Software Interrupt

» Auto-conversion Trigger

The action on the pin is based on the value of the

MODE[3:0] control bits of the CCPxCON register. At
the same time, the interrupt flag CCPxIF bit is set.

All Compare modes can generate an interrupt.

Figure 24-2 shows a simplified diagram of the compare
operation.

2421 AUTO-CONVERSION TRIGGER

When Auto-Conversion Trigger mode is chosen
(CCPxM[3:0] =1011), the CCPx module does the
following:

* Resets Timer1

» Starts an ADC conversion if ADC is enabled

The CCPx module does not assert control of the CCPx
pin in this mode.

The Auto-conversion Trigger output of the CCP occurs
immediately upon a match between the TMR1H,
TMR1L register pair and the CCPRxH:CCPRxL

FIGURE 24-2:

register pair. The TMR1H:TMR1L register pair is not
reset until the next rising edge of the Timer1 clock. The
Auto-conversion Trigger output starts an ADC conver-
sion (if the ADC module is enabled). This allows the
CCPRxH:CCPRXxL register pair to effectively provide a
16-bit programmable period register for Timer1.

Refer to Section 16.2.5 “Auto-Conversion Trigger”
for more information.

Note 1: The Auto-conversion Trigger from the
CCP module does not set interrupt flag
bit TMR1IF of the PIR1 register.

2: Removing the match condition by
changing the contents of the CCPRxH
and CCPRxL register pair, between the
clock edge that generates the
Auto-conversion Trigger and the clock
edge that generates the Timer1 Reset,

will preclude the Reset from occurring.

2422 CCPx PIN CONFIGURATION

The user must configure the CCPx pin as an output by
clearing the associated TRIS bit.

The CCPx pin function can be moved to alternate pins
using the PPS controls. See Section 12.0 “Peripheral
Pin Select (PPS) Module” for more detail.

Note:  Clearing the CCPxCON register will force
the CCPx compare output latch to the
default low level. This is not the PORT 1/O
data latch.

COMPARE MODE OPERATION BLOCK DIAGRAM

Rev. 10-000 1598
01512014

Output

{} set CCPxIF
Logic

» To Peripherals

A 4

MODE<3:0>

s Q PPS CCPx

TRIS Control

RxyPPS

DS40001819D-page 314

© 2015-2020 Microchip Technology Inc.



PIC16(L)F1777/8/9

2423 TIMER1 MODE RESOURCE

In Compare mode, Timer1 must be running in either
Timer mode or Synchronized Counter mode. The
compare operation may not work in Asynchronous
Counter mode.

See Section 22.0 “Timer1/3/3 Module with Gate
Control” for more information on configuring Timer1.

Note:  Clocking Timer1 from the system clock
(Fosc) should not be used in Compare
mode. In order for Compare mode to
recognize the trigger event on the CCPx
pin, Timer1 must be clocked from the
instruction clock (Fosc/4) or from an
external clock source.

2424 SOFTWARE INTERRUPT MODE

When Generate Software Interrupt mode is chosen
(MODE[3:0] =1010), the CCPx module does not
assert control of the CCPx pin (see the CCPxCON
register).

2425 COMPARE DURING SLEEP

The Compare mode is dependent upon the system
clock (Fosc) for proper operation. Since FOscC is shut
down during Sleep mode, the Compare mode will not
function properly during Sleep.

2426 ALTERNATE PIN LOCATIONS

This module incorporates I/0O pins that can be moved to
other locations with the use of the PPS controls. See
Section 12.0 “Peripheral Pin Select (PPS) Module”
for more detail.

2427 CAPTURE OUTPUT

When in Compare mode, the CCP will provide an
output upon the 16-bit value of the CCPRxH:CCPRxL
register pair, matching the TMR1H:TMR1L register
pair. The compare output depends on which Compare
mode the CCP is configured as. If the MODE bits of
CCPxCON register are equal to ‘1011’ or ‘1010’, the
CCP module will output high, while TMR1 is equal to
the CCPRxH:CCPRXxL register pair. This means that
the pulse width is determined by the TMR1 prescaler. If
the MODE bits of CCPxCON are equal to ‘0001’ or
‘0010’, the output will toggle upon a match, going from
‘0’ to ‘1’ or vice-versa. If the MODE bits of CCPxCON
are equal to ‘1001’, the output is cleared on a match,
and if the MODE bits are equal to ‘1000’, the output is
set on a match. This output is available to the following
peripherals:

* ADC Trigger

« COG

* PRG

+ DSM

» CLC

* Op Amp override
» Timer2/4/6/8 Reset
* Any device pins

© 2015-2020 Microchip Technology Inc.
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24.3 PWM Overview

Pulse-Width Modulation (PWM) is a scheme that
provides power to a load by switching quickly between
fully on and fully off states. The PWM signal resembles
a square wave where the high portion of the signal is
considered the on state and the low portion of the signal
is considered the off state. The high portion, also known
as the pulse width, can vary in time and is defined in
steps. A larger number of steps applied, which
lengthens the pulse width, also supplies more power to
the load. Lowering the number of steps applied, which
shortens the pulse width, supplies less power. The
PWM period is defined as the duration of one complete
cycle or the total amount of on and off time combined.

FIGURE 24-3:

PWM resolution defines the maximum number of steps
that can be present in a single PWM period. A higher
resolution allows for more precise control of the pulse
width time and in turn the power that is applied to the
load.

The term duty cycle describes the proportion of the on
time to the off time and is expressed in percentages,
where 0% is fully off and 100% is fully on. A lower duty
cycle corresponds to less power applied and a higher
duty cycle corresponds to more power applied.

Figure 24-3 shows a typical waveform of the PWM
signal.

SIMPLIFIED PWM BLOCK DIAGRAM

Duty cycle registers
| coPRxH | CCPRxL |

10-bit Latch®
(Not accessible by user) <

<5

Rev. 10-000 167C
9512014

CCPx_out

» ToPeripherals
set CCPIF

Comparator

CCPx

TRIS Control

|_TI\EZ M_oduleﬁ + |

™R2 R[] |

{} ERS logic — |

| Comparator l—

=N

create 10-bit time-base.

CCPx_pset

Notes: 1. 8-bit timer is concatenated with two bits generated by Fosc or two bits of the internal prescaler to

2. The alignment of the 10 bits from the CCPR register is determined by the FMT bit.
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24.3.1 STANDARD PWM OPERATION

The standard PWM function described in this section is
available and identical for all CCP modules.

The standard PWM mode generates a Pulse-Width
Modulation (PWM) signal on the CCPx pin with up to
ten bits of resolution. The period, duty cycle, and
resolution are controlled by the following registers:

+ T2PR/T4PR/T6PR/T8PR registers

+ T2CON/T4CON/T6CON/T8CON registers

* CCPRxH:CCPRXxL register pair

Figure 24-3 shows a simplified block diagram of PWM
operation.

Note 1: The corresponding TRIS bit must be
cleared to enable the PWM output on the
CCPx pin.

2: Clearing the CCPxCON register will

relinquish control of the CCPx pin.

243.2 SETUP FOR PWM OPERATION

The following steps should be taken when configuring

the CCP module for standard PWM operation:
1. Disable the CCPx pin output driver by setting the
associated TRIS bit.
2. Select the timer associated with the PWM by
setting the CCPTMRS register.
3. Load the associated T2PR/T4PR/T6PR/T8PR
register with the PWM period value.
4. Configure the CCP module for the PWM mode
by loading the CCPxCON register with the
appropriate values.
5. Load the CCPRxH:CCPRXxL register pair with
the PWM duty cycle value.
6. Configure and start the timer selected in step 2:
+ Clear the timer interrupt flag bit of the PIRx
register. See Note below.

» Configure the CKPS bits of the TxCON
register with the Timer prescale value.

+ Enable the Timer by setting the ON bit of
the TXCON register.

7. Enable PWM output pin:

* Wait until the Timer overflows and the timer
interrupt bit of the PIRx register is set. See
Note below.

» Enable the CCPx pin output driver by
clearing the associated TRIS bit.

Note: In order to send a complete duty cycle and
period on the first PWM output, the above
steps must be included in the setup
sequence. If it is not critical to start with a
complete PWM signal on the first output,
then step 6 may be ignored.

© 2015-2020 Microchip Technology Inc.

DS40001819D-page 317



PIC16(L)F1777/8/9

24.4 CCP/PWM Clock Selection

The PIC16(L)F1777/8/9 allows each individual CCP
and PWM module to select the timer source that con-
trols the module. Each module has an independent
selection.

As there are up to four 8-bit timers with auto-reload
(Timer2/4/6/8). The PWM mode on the CCP and PWM
modules can use any of these timers.

The CCPTMRS register is used to select which timer is
used.

2441 USING THE TMR2/4/6/8 WITH THE
CCP MODULE

This device has a new version of the TMR2 module that
has many new modes, which allow for greater custom-
ization and control of the PWM signals than older parts.
Refer to Section 23.6 “Operation Examples” for
examples of PWM signal generation using the different
modes of Timer2. The CCP operation requires that the
timer used as the PWM time base has the Fosc/4 clock
source selected.

2442 PWM PERIOD

The PWM period is specified by the
T2PR/T4PR/T6PR/T8PR register of Timer2/4/6/8. The
PWM period can be calculated using the formula of
Equation 24-1.

EQUATION 24-1: PWM PERIOD

PWM Period = [(PR2)+ 1]e4eT0OSCe
(TMR?2 Prescale Value)

Note 1: Tosc = 1/Fosc

When TMR2/4/6/8 is equal to its respective
T2PR/T4PR/T6PR/T8PR register, the following three
events occur on the next increment cycle:

» TMR2/4/6/8 is cleared
» The CCPx pin is set. (Exception: If the PWM duty
cycle = 0%, the pin will not be set.)

* The PWM duty cycle is latched from the
CCPRxH:CCPRXxL pair into the internal 10-bit
latch.

Note:  The Timer postscaler (see Figure 24-1) is
not used in the determination of the PWM
frequency.

2443 PWM DUTY CYCLE

The PWM duty cycle is specified by writing a 10-bit value
to two registers: the CCPRxH:CCPRXL register pair.
Where the particular bits go is determined by the FMT bit
of the CCPxCON register. If FMT = 0, the two Most
Significant bits of the duty cycle value should be written
to bits [1:0] of the CCPRxH register and the remaining

eight bits to the CCPRXL register. If FMT = 1, the Least
Significant two bits of the duty cycle should be written to
bits [7:6] of the CCPRXxL register and the Most Significant
eight bits to the CCPRxH register. This is illustrated in
Figure 24-4. These bits can be written at any time. The
duty cycle value is not latched into the internal latch until
after the period completes (i.e., a match between
T2PR/T4PR/T6PR/T8PR and TMR2/4/6/8 registers
occurs).

Equation 24-2 is used to calculate the PWM pulse width.
Equation 24-3 is used to calculate the PWM duty cycle
ratio.

EQUATION 24-2: PULSE WIDTH

Pulse Width = CCPRxH:CCPRxL e ToSC
e (TMR?2 Prescale Value)

EQUATION 24-3: DUTY CYCLE RATIO

Duty Cycle Ratio = (CCPRxH.CCPRxL)
4(PRx + 1)

The PWM duty cycle registers are double buffered for
glitchless PWM operation.

The 8-bit timer TMR2/4/6/8 register is concatenated with
either the 2-bit internal system clock (FOSC), or two bits
of the prescaler, to create the 10-bit time base. The
system clock is used if the Timer2/4/6/8 prescaler is set
to 1:1.

When the 10-bit time base matches the internal buffer
register, then the CCPx pin is cleared (see Figure 24-3).

FIGURE 24-4: CCPx DUTY CYCLE
ALIGNMENT
CCPR:H CCPRL | )
[EBERET0 | TEEEREERAD] FMT =0
I I
I CCPRxH CCPRxL

FMT =1

1
716151413]2]110] |7|6l5|4|3|2|1|0|

I

7
\ 10-bit Duty Cycle ,
[oI8I7T6I5]4T312]110]

\
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2444 PWM RESOLUTION

The resolution determines the number of available duty
cycles for a given period. For example, a 10-bit resolution
will result in 1024 discrete duty cycles, whereas an 8-bit
resolution will result in 256 discrete duty cycles.

The maximum PWM resolution is ten bits when
T2PR/T4PR/T6PR/T8PR is 255. The resolution is a
function of the T2PR/T4PR/T6PR/T8PR register value
as shown by Equation 24-4.

EQUATION 24-4:

PWM RESOLUTION

Resolution =

log[4(PR2 + )]

log(2)

bits

Note:

period, the assigned PWM pin(s) will

If the pulse-width value is greater than the ‘

remain unchanged.

TABLE 24-2: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS (Fosc = 20 MHz)

PWM Frequency 1.22 kHz 4.88 kHz 19.53 kHz 78.12kHz | 156.3 kHz | 208.3 kHz
Timer Prescale 16 4 1 1 1 1
T2PR Value OxFF OxFF OxFF O0x3F Ox1F 0x17
Maximum Resolution (bits) 10 10 10 8 7 6
TABLE 24-3: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS (Fosc = 8 MHz)

PWM Frequency 1.22 kHz 4.90 kHz 19.61 kHz 76.92 kHz | 153.85 kHz | 200.0 kHz
Timer Prescale 16 4 1 1 1 1
T2PR Value 0x65 0x65 0x65 0x19 0x0C 0x09
Maximum Resolution (bits) 8 8 8 6 5 5
2445 CHANGES IN SYSTEM CLOCK

FREQUENCY

The PWM frequency is derived from the system clock
frequency. Any changes in the system clock frequency
will result in changes to the PWM frequency. See
Section 5.0 “Oscillator Module (with Fail-Safe
Clock Monitor)” for additional details.

2446 EFFECTS OF RESET

Any Reset will force all ports to Input mode and the
CCP registers to their Reset states.

2447 PWM OUTPUT

The output of the CCP in PWM mode is the PWM signal
generated by the module and described above. This
output is available to the following peripherals:

» ADC Trigger

« COG

* PRG

« DSM

« CLC

* Op Amp override

» Timer2/4/6/8 Reset

* Any device pins

© 2015-2020 Microchip Technology Inc.
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24.5 Register Definitions: CCP Control

REGISTER 24-1: CCPxCON: CCPx CONTROL REGISTER

R/W-0/0 U-0 R-x R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
EN — ouT FMT MODE[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’ = Bitis cleared
bit 7 EN: CCPx Module Enable bit

1 = CCPx is enabled
0 = CCPx is disabled

bit 6 Unimplemented: Read as ‘0’
bit 5 OUT: CCPx Output Data bit (read-only)
bit 4 FMT: CCPW (Pulse-Width) Alignment bit

If MODE = PWM Mode

1 = Left-aligned format, CCPRxH [7] is the MSB of the PWM duty cycle
0 = Right-aligned format, CCPRxL[0] is the LSB of the PWM duty cycle

bit 3-0 MODE[3:0]: CCPx Mode Selection bits
11xx = PWM mode

1011 = Compare mode: Pulse output, clear TMR1

1010 = Compare mode: Pulse output (0 - 1 - 0)

1001 = Compare mode: clear output on compare match. Output is set upon selection of this mode.
1000 = Compare mode: set output on compare match. Output is set upon selection of this mode.

0111 = Capture mode: every 16th rising edge
0110 = Capture mode: every 4th rising edge
0101 = Capture mode: every rising edge
0100 = Capture mode: every falling edge

0011 = Capture mode: every rising or falling edge

0010 = Compare mode: toggle output on match

0001 = Compare mode: Toggle output and clear TMR1 on match

0000 = Capture/Compare/PWM off (resets CCPx module) (reserved for backwards compatibility)
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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’ = Bit is set ‘0’ = Bit is cleared
bit 7-0 MODE = Capture Mode

CCPRXxL[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]: CCPWI[7:0] — Pulse width Least Significant eight bits
MODE = PWM Mode && FMT = 1

CCPRxL[7:6]: CCPWI[1:0] — Pulse width Least Significant two bits
CCPRXxL[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

CCPRXxHI[7:0]: MSB compared to TMR1 value

MODE = PWM Mode && FMT =0

CCPRXxHI[7:2]: Not used

CCPRxH[1:0]: CCPWI[9:8] — Pulse width Most Significant two bits
MODE = PWM Mode && FMT =1

CCPRXxH[7:0]: CCPWI[9:2] — Pulse width Most Significant eight bits
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REGISTER 24-4: CCPxCAP: CCPx CAPTURE INPUT SELECTION REGISTER

uU-0 u-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’ = Bit is set ‘0’ = Bit is cleared
bit 7-4 Unimplemented: Read as ‘0’
bit 3-0 CTS[3:0]: Capture Trigger Input Selection bits

1101 = IOC_event
1100 = LC4_output
1011 = LC3_output
1010 = LC2_output
1001 = LC1_output
1000 = C8_sync_out!
0111 = C7_sync_out(1)
0110= C6_sync_out
0101 = C5_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.

DS40001819D-page 322 © 2015-2020 Microchip Technology Inc.



PIC16(L)F1777/8/9

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 24-5:

Register Definitions: CCP/PWM Timers Control

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]" ‘ C7TSEL[1:0] ‘ C2TSEL[1:0] ‘ CATSEL[1:0]
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

‘1"’ = Bit is set

u = Bit is unchanged

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

-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:

C8TSEL[1:0]: CCP8 (PWM8) Timer Selection bits(")

11 = CCP8is based off Timer8 in PWM mode
10 = CCP8 is based off Timer6 in PWM mode
01 = CCP8 is based off Timer4 in PWM mode
00 = CCP8 is based off Timer2 in PWM mode

C7TSEL[1:0]: CCP7 (PWM7) Timer Selection bits

11 = CCP7 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

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 = CCP2 is based off Timer4 in PWM mode
00 = CCP2 is based off Timer2 in PWM mode

CATSEL[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

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]D \ POTSEL[1:0] \ \ P3TSEL[1:0]
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1" = Bitis set ‘0’ = Bit is cleared
bit 7-6 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 = PWM10 is based off Timer2 in PWM mode
bit 5-4 P9TSEL[1:0]: PWM9 Timer Selection bits
11 = PWMQ9 is based off Timer8 in PWM mode
10 = PWMQ9 is based off Timer6 in PWM mode
01 = PWMQ9 is based off Timer4 in PWM mode
00 = PWMQ9 is based off Timer2 in PWM mode
bit 3-2 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 = PWM4 is based off Timer2 in PWM mode
bit 1-0 P3TSEL[1:0]: PWM3 Timer Selection bits

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

Note 1: PIC16(L)F1777/9 only.
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TABLE 24-4: SUMMARY OF REGISTERS ASSOCIATED WITH STANDARD PWM

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | Register

on Page
CCPXCAP = = = = CTS[3:0] 322
CCPXCON EN — ouT FMT MODE[3:0] 320
CCPRxL Capture/Compare/PWM Register x (LSB) 321
CCPRxH Capture/Compare/PWM Register x (MSB) 321
CCPTMRS1 C8TSEL[1:0]" C7TSEL[1:0] C2TSEL[1:0] CATSEL[1:0] 324
CCPTMRS?2 P10TSEL[1:0]" POTSEL[1:0] P4TSEL[1:0] P3TSEL[1:0] 324
INTCON GIE PEIE TMROIE INTE IOCIE TMROIF INTF IOCIF 133
PIE1 TMR1GIE ADIE RCIE TXIE SSP1IE | CCP1IE | TMR2IE | TMRI1IE 134
PIE2 OSFIE C2IE C1IE COG1IE | BCLI1IE C4IE C3IE CCP2IE 135
PIE5 ccrele™ | ccpP7iE | COG4IE! | COG3IE csigM c7ieM C6IE C5IE 138
PIR1 TMR1GIF ADIF RCIF TXIF SSP1IF | CCP1IF | TMR2IF | TMRI1IF 140
PIR2 OSFIF C2IF C1IF COG1IF | BCL1IF C4IF C3IF CCP2IF 141
PIR5 ccreiF | ccp7iF | cocalIFM | COG3IF csIF( c7IFM C6IF C5IF 144
T2PR Timer2 Period Register 288*
T2CON ON | CKPS[2:0] | OUTPS[3:0] 308
TMR2 Timer2 Module Register 288
T4PR Timer4 Period Register 288*
T4CON ON | CKPS[2:0] | OUTPS[3:0] 308
TMR4 Timer4 Module Register 288
T6PR Timer6 Period Register 288*
T6CON ON | CKPS[2:0] | OUTPS[3:0] 308
TMR6 Timer6 Module Register 288
T8PR Timer8 Period Register 288*
T8CON ON | CKPS[2:0] | OUTPS[3:0] 308
TMR8 Timer8 Module Register 288
Legend: — = Unimplemented location, read as ‘0’. Shaded cells are not used by the PWM.

* Page provides register information.
Note 1: PIC16(L)F1777/9 only.
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25.0 10-BIT PULSE-WIDTH

MODULATION (PWM) MODULE TABLE 25-1: AVAILABLE 10-BIT PWM
MODULES
The 10-bit PWM module generates a Pulse-Width :
Modulated signal determined by the duty cycle, period, Device PWM3 | PWM4 | PWM9 | PWM10
and resolution that are configured by the following PIC16(L)F1778 . . .
registers: PIC16(L)F1777/9 . . . .
*« T2PR
*+ T2CON
» PWMxDCH
« PWMxDCL
* PWMxCON
Figure 25-1 shows a simplified block diagram of PWM
operation.
Figure 25-2 shows a typical waveform of the PWM
signal.
FIGURE 25-1: SIMPLIFIED PWM BLOCK DIAGRAM
Duty Cycle registers 'K PWMxDCL(7:6]
‘ PWMxDCH |
Latched PWMxOUT
(Not visible to user) ———
to other peripherals: ADC, COG, CLC
4} PRG, DSM, Op Amp override
‘ Comparator i R Q 0 PWMx
—«ﬁ P
— S Q ! RxYPPS TRIS
r— - — — - — — |/ "1
| TMR2 Module |
| ‘ TVMR2 ‘ Q) | | Output Polarity (PWMxPOL)
| |
| Comparator |
| L B
| latch Blﬁ)tl;l (aI;cIe |
| |
L—_ - - - -
Note 1:  8-bit timer is concatenated with the two Least Significant bits of 1/FOsc adjusted by the Timer2 prescaler to
create a 10-bit time base.
For a step-by-step procedure on how to set up this FIGURE 25-2: PWM OUTPUT
module for PWM operation, refer to Section 25.1.9
“Setup for PWM Operation using PWMx Output ' Period
Pins”. ' '
— Pulse Width (S [
X «—TMR2 = T2PR
: «—TMR2 =
. PWMxDCH[7:0]:PWMxDCL[7:6]
<—TMR2 = 0
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251 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.

25.1.1 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
PWM operation.

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
TMR?2 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.

251.2 PWM OUTPUT POLARITY

The output polarity is inverted by setting the PWMxPOL
bit of the PWMxCON register.
251.3 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]e4eTOSCe
(TMR?2 Prescale Value)

Note: Tosc = 1/Fosc

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

, — (PWMxDCH:PWMxDCL<7:6>)

Duty Cycle Rati
4(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.

© 2015-2020 Microchip Technology Inc.
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25.1.5 PWM RESOLUTION

The resolution determines the number of available duty
cycles for a given period. For example, a 10-bit resolution
will result in 1024 discrete duty cycles, whereas an 8-bit
resolution will result in 256 discrete duty cycles.

The maximum PWM resolution is ten bits when T2PR
is 255. The resolution is a function of the T2PR register
value as shown by Equation 25-4.

EQUATION 25-4: PWM RESOLUTION

log[4(T2PR + )]
log(2)

Resolution = bits

Note: If the pulse-width value is greater than the
period the assigned PWM pin(s) will

remain unchanged.

TABLE 25-2: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS (Fosc = 20 MHz)

PWM Frequency 0.31 kHz 4.88 kHz 19.53 kHz 78.12kHz | 156.3 kHz | 208.3 kHz
Timer Prescale 64 4 1 1 1 1
T2PR Value OxFF OxFF OxFF O0x3F Ox1F 0x17
Maximum Resolution (bits) 10 10 10 8 7 6.6
TABLE 25-3: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS (Fosc = 8 MHz)

PWM Frequency 0.31 kHz 4.90 kHz 19.61 kHz 76.92 kHz | 153.85 kHz | 200.0 kHz
Timer Prescale 64 4 1 1 1 1
T2PR Value 0x65 0x65 0x65 0x19 0x0C 0x09
Maximum Resolution (bits) 8 8 8 6 5 5

25.1.6

OPERATION IN SLEEP MODE

In Sleep mode, the TMR2 register will not increment
and the state of the module will not change. If the
PWNMXx pin is driving a value, it will continue to drive that
value. When the device wakes up, TMR2 will continue
from its previous state.

2517 CHANGES IN SYSTEM CLOCK

FREQUENCY

The PWM frequency is derived from the system clock
frequency (Fosc). Any changes in the system clock
frequency will result in changes to the PWM frequency.
Refer to Section 5.0 “Oscillator Module (with
Fail-Safe Clock Monitor)” for additional details.

25.1.8 EFFECTS OF RESET

Any Reset will force all ports to Input mode and the
PWM registers to their Reset states.
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25.1.9 SETUP FOR PWM OPERATION
USING PWMx OUTPUT PINS

The following steps should be taken when configuring
the module for PWM operation using the PWMx output
pins:

1. Disable the PWMx pin output driver(s) by setting
the associated TRIS bit(s).

2. Clear the PWMxCON register.

3. Load the T2PR register with the PWM period
value.

4. Load the PWMxDCH register and bits [7:6] of
the PWMxDCL register with the PWM duty cycle
value.

5. Configure and start Timer2:

* Clear the TMR2IF interrupt flag bit of the PIR1
register. See Note below.

» Configure the CKPS bits of the T2CON register
with the Timer2 prescale value.

+ Enable Timer2 by setting the ON bit of the
T2CON register.

6. Enable PWM output pin and wait until Timer2
overflows, TMR2IF bit of the PIR1 register is set.
See Note below.

7. Enable the PWMx pin output driver(s) by clear-
ing the associated TRIS bit(s) and setting the
desired pin PPS control bits.

8. Configure the PWM module by loading the
PWMxCON register with the appropriate values.

25110 SETUP FOR PWM OPERATION TO
OTHER DEVICE PERIPHERALS

The following steps should be taken when configuring
the module for PWM operation to be used by other
device peripherals:

1. Disable the PWMx pin output driver(s) by setting
the associated TRIS bit(s).

2. Clear the PWMxCON register.

3. Load the T2PR register with the PWM period
value.

4. Load the PWMxDCH register and bits [7:6] of
the PWMxDCL register with the PWM duty cycle
value.

5. Configure and start Timer2:

* Clear the TMR2IF interrupt flag bit of the PIR1
register. See Note below.

» Configure the CKPS bits of the T2CON register
with the Timer2 prescale value.

« Enable Timer2 by setting the ON bit of the
T2CON register.

6. Enable PWM output pin:

+ Wait until Timer2 overflows, TMR2IF bit of the
PIR1 register is set. See Note below.

7. Configure the PWM module by loading the

PWMxCON register with the appropriate values.

Note 1: In order to send a complete duty cycle
and period on the first PWM output, the
above steps must be followed in the order
given. If it is not critical to start with a
complete PWM signal, then move Step 8
to replace Step 4.

2: For operation with other peripherals only,

Note: Inorderto send a complete duty cycle and
period on the first PWM output, the above
steps must be included in the setup
sequence. If it is not critical to start with a
complete PWM signal on the first output,
then step 6 may be ignored.

disable PWMx pin outputs.

© 2015-2020 Microchip Technology Inc.
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25.2 Register Definitions: 10-Bit PWM Control

Long bit name prefixes for the DSM peripherals are
shown in Table 25-4. Refer to Section 1.1.2.2 “Long
Bit Names” for more information

TABLE 25-4:
Peripheral Bit Name Prefix
PWM3 PWM3
PWM4 PWM4
PWM9 PWM9
PwmMm10() PWM10

Note 1: PIC16(L)F1777/9 only.

REGISTER 25-1:

PWMxCON: PWM CONTROL REGISTER

R/W-0/0 uU-0 R-0/0 R/W-0/0 uU-0 uU-0 uU-0 uU-0
EN — ouT POL — — — —
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: PWM Module Enable bit
1 = PWM module is enabled
0 = PWM module is disabled
bit 6 Unimplemented: Read as ‘0’
bit 5 OUT: PWM module output level when bit is read.
bit 4 POL: PWMx Output Polarity Select bit
1 = PWM output is active-low
0 = PWM output is active-high
bit 3-0 Unimplemented: Read as ‘0’
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REGISTER 25-2: PWMxDCH: PWM DUTY CYCLE HIGH BITS

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
DC[9:2]

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 DCI[9:2]: PWM Duty Cycle Most Significant bits

These bits are the MSbs of the PWM duty cycle. The two LSbs are found in the PWMxDCL Register.

REGISTER 25-3: PWMxDCL: PWM DUTY CYCLE LOW BITS

R/W-x/u R/W-x/u uU-0 u-0 uU-0 uU-0 uU-0 u-0
DCI[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 DC[1:0]: PWM Duty Cycle Least Significant bits

These bits are the LSbs of the PWM duty cycle. The MSbs are found in the PWMxDCH Register.
bit 5-0 Unimplemented: Read as ‘0’
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TABLE 25-5: SUMMARY OF REGISTERS ASSOCIATED WITH 10-BIT PWM

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | Redister

on Page
CCPTMRS2 P10TSEL[1:0[" POTSEL[1:0] PATSEL[1:0] P3TSEL[1:0] 324
PWM3CON EN | — ouT POL — | = — — 330
PWM3DCH DC[9:2] 331
PWM3DCL DC[1:0] — — — — — — 331
PWM4CON EN | — ouT POL — — — — 330
PWM4DCH DC[9:2] 331
PWM4DCL DC[1:0] — — — — — — 331
PWM9CON EN | — ouT POL — — — — 330
PWM9DCH DC[9:2] 331
PWM9DCL DC[1:0] — — — — — — 331
pwmiocoN® | EN [ — ouT POL — — — — 330
Pwm10DCH() DC[9:2] 331
Pwm1opcL( DCI1:0] — | = — | = T =1 = 331
RxyPPS — — RxyPPS[5:0] 206
TXCON ON CKPS[2:0] OUTPS[3:0] 308
TXCLKCON — — | = 1T = CS[3:0] 307
TxPR TMRXx Period Register 288
TRISA TRISA7 | TRISA6 | TRISA5 | TRISA4 | TRISA3 | TRISA2 | TRISA1 | TRISAO 177
TRISB TRISB7 | TRISB6 | TRISB5 | TRISB4 | TRISB3 | TRISB2 | TRISB1 | TRISBO 182
TRISC TRISC7 | TRISC6 | TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO 187
Legend: - = Unimplemented locations, read as ‘0’, u = unchanged, x = unknown. Shaded cells are not used by the PWM.

Note 1: PIC16LF1777/9 only.
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26.0 16-BIT PULSE-WIDTH
MODULATION (PWM) MODULE

The Pulse-Width Modulation (PWM) module generates
a pulse-width modulated signal determined by the
phase, duty cycle, period, and offset event counts that
are contained in the following registers:

* PWMxPH register

* PWMxDC register

*« PWMXxPR register

* PWMxOF register

Figure 26-1 shows a simplified block diagram of the
PWM operation. Each PWM module has four modes of
operation:

» Standard

» Set On Match

» Toggle On Match

» Center Aligned

For a more detailed description of each PWM mode,
refer to Section 26.2 “PWM Modes”.

Each PWM module has four offset modes:

* Independent Run

» Slave Run with Synchronous Start

* One-Shot Slave with Synchronous Start

» Continuous Run Slave with Synchronous Start
and Timer Reset

Using the offset modes, each PWM module can offset
its waveform relative to any other PWM module in the
same device. For a more detailed description of the off-
set modes refer to Section 26.3 “Offset Modes”.

Every PWM module has a configurable reload operation
to ensure all event count buffers change at the end of a
period, thereby avoiding signal glitches. Figure 26-2
shows a simplified block diagram of the reload operation.
For a more detailed description of the reload operation,
refer to Section Section 26.4 “Reload Operation”.

TABLE 26-1: AVAILABLE 16-BIT PWM
MODULES
Device PWM5 | PWM6 | PWM11 | PWM12
PIC16(L)F1778 . o .
PIC16(L)F1777/9 . o . .
FIGURE 26-1: 16-BIT PWM BLOCK DIAGRAM
MODE=<1:0> —
EN
PHx_match PWM Control
DCx_match Unit D Q— PWMxOUT
| , ) >
Bl
Q4 —>CK
PWMxP OL
OF6_match” OF match oM outeuty, T4 Peripherals
- Offset
OF5_match® PRx_match Control
OFs OFM<1.0> PPS PYMx
E R UD
PWM_clock—>  PWMXxTMR RxyPPS TRIS Control
[ 1
PRx_match PHx_match OFx_match DCx_match

set PHIF

set PRIF

set OFIF set DCIF

16-bt Latch J LDXIM99er | 161t Latch JLOXIIGGT | 46.pt | atch | LDXIMG9Er | 16.bt Latch | LDXtrigger
PWMxPR PWMxPH PWMxOF PWMxDC
Note 1: A PWM module cannot trigger from its own offset match event.

The input corresponding to a PWM module’s own offset match is reserved.

© 2015-2020 Microchip Technology Inc.
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FIGURE 26-2:

LOAD TRIGGER BLOCK DIAGRAM

LDx_triggert"
L]
L]
L]
LDy _trigger
PWMxLDS |7
PRx_match —e

PWMxLDT

Note 1. The input corresponding to a PWM module’s own load trigger is reserved.
2. PWMxLDA is cleared by hardware upon LDx_trigger.

Rev. 10-000 1538
71912015

a LDx_trigger

D
PWMxLDA®—| >
—

PWM_clock

26.1 Fundamental Operation

The PWM module produces a 16-bit resolution
pulse-width modulated output.

Each PWM module has an independent timer driven by
a selection of clock sources determined by the
PWMxCLKCON register (Register 26-4). The timer
value is compared to event count registers to generate
the various events of a the PWM waveform, such as the
period and duty cycle. For a block diagram describing
the clock sources refer to Figure 26-3.

Each PWM module can be enabled individually using
the EN bit of the PWMxCON register, or several PWM
modules can be enabled simultaneously using the
MPWMXEN bits of the PWMEN register.

The current state of the PWM output can be read using
the OUT bit of the PWMxCON register. In some modes
this bit can be set and cleared by software giving
additional software control over the PWM waveform.
This bit is synchronized to Fosc/4 and therefore does
not change in real time with respect to the PWM__clock.

Note: If PWM_clock > Fosc/4, the OUT bit may
not accurately represent the output state of
the PWM.

FIGURE 26-3: PWM CLOCK SOURCE
BLOCK DIAGRAM
PWMxCS<1:0>
Fosc—| 00 PWMxPS<2:0>

HFINTOSC— 01

LFINTOSC— 10

Reserved— 11

26.1.1 PWMx PIN CONFIGURATION

This device uses the PPS control circuitry to route
peripherals to any device I/O pin. Select the desired
pin, or pins, for PWM output with the device pin
RxyPPS control registers (Register 12-2).

All PWM outputs are multiplexed with the PORT data
latch, so the pins must also be configured as outputs by
clearing the associated PORT TRIS bits.

The slew rate feature may be configured to optimize
the rate to be used in conjunction with the PWM out-
puts. High-speed output switching is attained by clear-
ing the associated PORT SLRCON bits.

The PWM outputs can be configured to be open-drain
outputs by setting the associated PORT ODCON bits.

26.1.2 PWMx Output Polarity

The output polarity is inverted by setting the POL bit of
the PWMxCON register. The polarity control affects the
PWM output even when the module is not enabled.

DS40001819D-page 334

© 2015-2020 Microchip Technology Inc.



PIC16(L)F1777/8/9

26.2 PWM Modes

PWM modes are selected with MODE[1:0] bits of the
PWMxCON register (Register 26-1).

In all PWM modes an offset match event can also be
used to synchronize the PWMxTMR in three offset
modes. See Section 26.3 “Offset Modes” for more
information.

26.2.1 STANDARD MODE

The Standard mode (MODE = 00) selects a single
phase PWM output. The PWM output in this mode is
determined by when the period, duty cycle, and phase
counts match the PWMxTMR value. The start of the
duty cycle occurs on the phase match and the end of
the duty cycle occurs on the duty cycle match. The
period match resets the timer. The offset match can
also be used to synchronize the PWMxTMR in the off-
set modes. See Section 26.3 “Offset Modes” for
more information.

Equation 26-1 is used to calculate the PWM period in
Standard mode.

Equation 26-2 is used to calculate the PWM duty cycle
ratio in Standard mode.

EQUATION 26-1: PWM PERIOD IN
STANDARD MODE

J = (PWMxPR + 1) - Prescale
PWM clock

Perio

EQUATION 26-2: PWM DUTY CYCLE IN
STANDARD MODE

o — (PIWMxDC— PWMxPH)

Duty Cyel
uy Ly PWMxPR + 1

A detailed timing diagram for Standard mode is shown
in Figure 26-4.

26.2.2 SET ON MATCH MODE

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

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

A detailed timing diagram for Set On Match is shown in
Figure 26-5.

26.2.3 TOGGLE ON MATCH MODE

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

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

A detailed timing diagram for Toggle On Match is
shown in Figure 26-6.

26.2.4 CENTER ALIGNED MODE

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

Equation 26-3 is used to calculate the PWM period in
Center Aligned mode.

EQUATION 26-3: PWM PERIOD IN CENTER
ALIGNED MODE

(PWMxPR + 1) -2 - Prescale
PWM clock

Period =

Equation 26-4 is used to calculate the PWM duty cycle
ratio in Center Aligned mode

EQUATION 26-4: PWM DUTY CYCLE IN
CENTER ALIGNED MODE

PWMxDC - 2
(PWMxPR + 1) -2

Duty Cycle =

Writes to PWMxOUT will have no effect in this mode.

A detailed timing diagram for Center Aligned mode is
shown in Figure 26-7.

© 2015-2020 Microchip Technology Inc.
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FIGURE 26-4: STANDARD PWM MODE TIMING DIAGRAM

Rev. 10-000142A
91512013

Period »

A

Duty Cycle -

A

PWMxCLK

PWMxPR | 10 |

PWMxPH | 4 |

PWMxDC | 9 |

PWMxTMR 0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6

PWMxOUT

FIGURE 26-5: SET ON MATCH PWM MODE TIMING DIAGRAM

Rev. 10-000143A
9152013

-t Period »

(¢——————————————— Phase ———— |

PWMxCLK
PWMxPR | 10 |
PWMxPH | 2 |

PWMxTMR 0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6

PWMxOUT
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FIGURE 26-6: TOGGLE ON MATCH PWM MODE TIMING DIAGRAM
- Period >‘
¢———————————————— Phase
PWMxCLK
PWMxPR | 10 |
PWMxPH | 4 |
PWMXTMR 0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6
PWMxOUT
FIGURE 26-7: CENTER ALIGNED PWM MODE TIMING DIAGRAM
l: Period =|
l: Duty Cycle =|
PWMXxCLK
PWMxPR [ 6 |
PWMxDC | 4 ]
PWMxTMR<O><1><2><3><4><5><6><6><5><4><3><2><1><O><O><1><2><3>
PWMxOUT | |
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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.
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FIGURE 26-8: INDEPENDENT RUN MODE TIMING DIAGRAM

| ¢———————  Duty Cycle
4——  Phase

[—— Offset

Period

PWMXTMR<O><1><2><3><4><5><6><7><8

PWMxCLK
PWMxPR [ 10 ]
PWMxPH [ 3 |
PWMXDC | 5 ]
PWMxOF [ 2 ]

9><10><0><1><2><3><4><5><6>

PWMxOUT

OFx_match

I .

[ ]

PHx_match

[ ]

DCx_match

PRx_match

[ ]

PWMyPR

PWMyPH

0

PWMyTMR<O><1><2><3><4><O><1><2><3><4><0><1><2><3><4><0><1><2>

PWMyDC

1

PWMyOUT

[ ]

[ ]

[

Note: PWMx = Master, PWMy = Slave
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FIGURE 26-9: SLAVE RUN MODE WITH SYNC START TIMING DIAGRAM
-t Period -
|¢———— Duty Cycle
| 4——  Phase
[-¢—— Offset
PWMxCLK
PWMxPR 10

PWMxDC

LRI D G G5 €D €D €5 G G @ & @1 G ED G5 &b &5 &5
el T G @D G €5 & G €3 G5 &5 @ Gb €5 &5 &5 &5

[
PWMxPH [
[
[

PWMxOF

PWMyPR

[ ]
PWMyPH [ ]
[ ]

PWMyDC

Note: Master = PWMx, Slave = PWMy
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FIGURE 26-10: ONE-SHOT SLAVE RUN MODE WITH SYNC START TIMING DIAGRAM

PWMxCLK

PWMxPR
PWMxPH
PWMxDC

PWMxOF

PWMxTMR

PWMxOUT

OFx_match

PWMyTMR

PWMyPR
PWMyPH

PWMyDC

PWMyOUT

-

Y

Period

|44————— Phase

[¢———————— Duty Cycle

D EDED EDEDEDED S S

X Xz Xo Ko X

[ ]

Note: Master = PWMx, Slave = PWMy
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FIGURE 26-11: CONTINUOUS SLAVE RUN MODE WITH IMMEDIATE RESET AND SYNC START TIMING DIAGRAM

[«————————— Duty Cycle

|[¢—————  Phase

PWMxCLK

Y

Period

PWMxPR

PWMxPH

[
[
PWMxDC |
[

PWMxOF

PWMxTMR<O><1><2><3><4><5><6><7><8><9><10><0><1><2><3><4><5><6>

PWMxOUT

OFx_match

I .

[ ]

PWMyPR

[
PWMyPH |
[

PWMyTMR 0 X1><2><3><4><0><1><2><3><4><0><1><1><2><3><4>

PWMyDC

PWMyOUT

[ ]

[ ]

I

Note: Master= PWMx, Slave=PWMy
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FIGURE 26-12: OFFSET MATCH ON INCREMENTING TIMER TIMING DIAGRAM

PWMxCLK

7777777

PWMxPR

6
2

PWMxDC

PWMxOF

F’WMxTMR<0><1><2><3><4><5><6><6><5><4><3><2><1><0><0><1><2><3>

PWMxOUT

OFx_match

[ ]

[ ]

PHx_match

[ ]

DCx_match

[ ]

PRx_match

XX )

PWMyPR

PWMyTMR| 0 ><O><1><2><3><4><4><3><2><1><0><

PWMyDC

1

PWMyOUT

]

Note: Master = PWMx, Slave = PWMy
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FIGURE 26-13: OFFSET MATCH ON DECREMENTING TIMER TIMING DIAGRAM

PWMxCLK

PWMxPR
PWMxDC

PWMxOF

PWMxTMR

PWMxOUT

OF5_match

PH5_match

DC5_match

PR5_match

PWMyTMR

PWMyPR

PWMyDC

PWMyOUT

Period

A

Duty Cycle

6
2

D EDEDEDEDEDED EDED ED D ED D D D ED ED SN
| |

[ ]

o] [ ]
|

Note: Master = PWMx, Slave = PWMy
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26.4 Reload Operation

Four of the PWM module control register pairs and one
control bit are double buffered so that all can be
updated simultaneously. These include:

* PWMxPHH:PWMxPHL register pair
* PWMxDCH:PWMxDCL register pair
* PWMxPRH:PWMXxPRL register pair
* PWMxOFH:PWMxOFL register pair
» ODO control bit

When written to, these registers do not immediately
affect the operation of the PWM. By default, writes to
these registers will not be loaded into the PWM operat-
ing buffer registers until after the arming conditions are
met. The arming control has two methods of operation:

* Immediate
» Triggered

The LDT bit of the PWMxLDCON register controls the
arming method. Both methods require the LDA bit to be
set. All four buffer pairs will load simultaneously at the
loading event.

26.4.1 IMMEDIATE RELOAD

When the LDT bit is clear then the Immediate mode is
selected and the buffers will be loaded at the first period
event after the LDA bit is set. Immediate reloading is
used when a PWM module is operating stand-alone or
when the PWM module is operating as a master to
other slave PWM modules.

26.4.2 TRIGGERED RELOAD

When the LDT bit is set then the Triggered mode is
selected and a trigger event is required for the LDA bit
to take effect. The trigger source is the buffer load
event of one of the other PWM modules in the device.
The triggering source is selected by the LDS[1:0] bits of
the PWMxLDCON register. The buffers will be loaded
at the first period event following the trigger event. Trig-
gered reloading is used when a PWM module is oper-
ating as a slave to another PWM and it is necessary to
synchronize the buffer reloads in both modules.

Note 1: The buffer load operation clears the LDA
bit.

2: If the LDA bit is set at the same time as
PWMxTMR = PWMxPR, the LDA bit is
ignored until the next period event. Such is
the case when triggered reload is selected
and the triggering event occurs
simultaneously with the target's period
event

26.5 Operation in Sleep Mode

Each PWM module will continue to operate in Sleep
mode when either the HFINTOSC or LFINTOSC is
selected as the clock source by PWMxCLKCON][1:0].

26.6 Interrupts

Each PWM module has four independent interrupts
based on the phase, duty cycle, period, and offset
match events. The interrupt flag is set on the rising
edge of each of these signals. Refer to Figures 26-8
and 26-12 for detailed timing diagrams of the match
signals.

© 2015-2020 Microchip Technology Inc.
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26.7 Register Definitions: PWM Control

Long bit name prefixes for the 16-bit PWM peripherals
are shown in Table26-2. Refer to Section
1.1 “Register and Bit naming conventions” for more

information

TABLE 26-2:
Peripheral Bit Name Prefix
PWM5 PWM5
PWM6 PWM6
PWM11 PWM11
PwMm12(1) PWM12

Note 1: PIC16(L)F1777/9 only.

REGISTER 26-1:

PWMxCON: PWM CONTROL REGISTER

HC = Bit is cleared by hardware

R = Readable bit W = Writable bit

u = Bit is unchanged x = Bit is unknown
‘1’ = Bit is set

‘0’ = Bit is cleared

R/W-0/0 u-0 R/HS/HC-0/0 R/W-0/0 R/W-0/0 R/W-0/0 u-0 u-0
EN — ouT POL MODE[1:0] — —
bit 7 bit 0
Legend:

HS = Bit is set by hardware
U = Unimplemented bit, read as ‘0’
-n/n = Value at POR and BOR/Value at all other Resets

bit 7 EN: PWM Module Enable bit
1 = Module is enabled
0 = Module is disabled

bit 6 Unimplemented: Read as ‘0’
bit 5 OUT: Output State of the PWM module
bit 4 POL: PWM Output Polarity Control bit

1 = PWM output active state is low

0 = PWM output active state is high
bit 3-2 MODE[1:0]: PWM Mode Control bits

11 = Center Aligned mode

10 = Toggle On Match mode

01 = Set On Match mode

00 = Standard PWM mode

bit 1-0 Unimplemented: Read as ‘0’

DS40001819D-page 346

© 2015-2020 Microchip Technology Inc.



PIC16(L)F1777/8/9

REGISTER 26-2:

PWMXxINTE: PWM INTERRUPT ENABLE REGISTER

u-0 u-0 u-0 u-0

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

OFIE PHIE DCIE PRIE

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 7-4 Unimplemented: Read as ‘0’

bit 3 OFIE: Offset Interrupt Enable bit
1 = Interrupt CPU on Offset Match
0 = Do not interrupt CPU on Offset Match

bit 2 PHIE: Phase Interrupt Enable bit
1 = Interrupt CPU on Phase Match
0 = Do not Interrupt CPU on Phase Match

bit 1 DCIE: Duty Cycle Interrupt Enable bit
1 = Interrupt CPU on Duty Cycle Match

0 = Do not interrupt CPU on Duty Cycle Match

bit 0 PRIE: Period Interrupt Enable bit
1 = Interrupt CPU on Period Match
0 = Do not interrupt CPU on Period Match

REGISTER 26-3:

PWMxINTF: PWM INTERRUPT REQUEST REGISTER

u-0 u-0 u-0 u-0

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

OFIF PHIF DCIF PRIF

bit 7

bit 0

Legend:

HC = Bit is cleared by hardware

R = Readable bit W = Wiritable bit

u = Bit is unchanged x = Bit is unknown

‘1’ = Bit is set ‘0’ = Bit is cleared

HS = Bit is set by hardware
U = Unimplemented bit, read as ‘0’
-n/n = Value at POR and BOR/Value at all other Resets

bit 7-4 Unimplemented: Read as ‘0’

bit 3 OFIF: Offset Interrupt Flag bit("

1 = Offset Match Event occurred

0 = Offset Match Event did not occur
bit 2 PHIF: Phase Interrupt Flag bit(")

1 = Phase Match Event occurred

0 = Phase Match Event did not occur
bit 1 DCIF: Duty Cycle Interrupt Flag bit(")

1 = Duty Cycle Match Event occurred

0 = Duty Cycle Match Event did not occur
bit 0 PRIF: Period Interrupt Flag bit("

1 = Period Match Event occurred

0 = Period Match Event did not occur

Note 1:

Bit is forced clear by hardware while module is disabled (EN = 0).

© 2015-2020 Microchip Technology Inc.
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REGISTER 26-4:

PWMxCLKCON: PWM CLOCK CONTROL REGISTER

u-0 R/W-0/0 R/W-0/0 R/W-0/0 uU-0 uU-0 R/W-0/0 R/W-0/0
— PS[2:0] — — CS[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 Unimplemented: Read as ‘0’

bit 6-4 PS[2:0]: Clock Source Prescaler Select bits
111 = Divide clock source by 128
110 = Divide clock source by 64
101 = Divide clock source by 32
100 = Divide clock source by 16
011 = Divide clock source by 8
010 = Divide clock source by 4
001 = Divide clock source by 2
000 = No Prescaler

bit 3-2 Unimplemented: Read as ‘0’

bit 1-0 CS[1:0]: Clock Source Select bits

11 = Reserved

10 = LFINTOSC (continues to operate during Sleep)
01 = HFINTOSC (continues to operate during Sleep)
00 = FOSC
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REGISTER 26-5: PWMxLDCON: PWM RELOAD TRIGGER SOURCE SELECT REGISTER

R/W/HC-0/0 R/W-0/0 u-0 U-0 uU-0 U-0 R/W-0/0 R/W-0/0
LDAM LDT — = — = LDS[1:0]¢®
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared HC = Cleared by hardware
bit 7 LDA: Load Buffer Armed bit("
If LDT = 1:
1 = Load the ODO bit and OFx, PHx, DCx and PRx buffers at the end of the period in which the selected
trigger occurs
0 = Do not load buffers, load has completed
If LDT = 0:
1 = Load the ODO bit and OFx, PHx, DCx and PRx buffers at the end of the current period
0 = Do not load buffers, load has completed
bit 6 LDT: Load Buffer on Trigger bit
1 = Wait for trigger selected by the LDS[1:0] bits to occur before enabling the LDA bit
0 = Load triggering is disabled. Buffer loads are controlled by the LDA bit alone.
bit 5-2 Unimplemented: Read as ‘0’
bit 1-0 LDS[1:0]: Load Trigger Source Select bits(?)

10 = LD11_trigger
01 = LD6_trigger
00 = LD5_trigger

Note 1: This bitis cleared by the module after a reload operation. It can be cleared in software to clear an existing arming
event.
2: The source corresponding to a PWM module’s own LDx_trigger is reserved.
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REGISTER 26-6: PWMxOFCON: PWM OFFSET TRIGGER SOURCE SELECT REGISTER

u-0 R/W-0/0 R/W-0/0 R/W-0/0 u-0 u-0 R/W-0/0 R/W-0/0
— OFM[1:0] oFo — = OFS[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 Unimplemented: Read as ‘0’

bit 6-5 OFM[1:0]: Offset Mode Select bits

11 = Continuous Run Slave mode with offset triggered timer Reset and synchronized start
10 = One-shot Slave mode with offset triggered synchronized start
01 = Slave Run mode with offset triggered synchronized start
00 = Independent Run mode
bit 4 OFO: Offset Match Output Control bit(")
If MODE[1:0] = 11 (PWM center aligned mode):
1 = OFx_match occurs when the PWMxTMR is counting up
0 = OFx_match occurs when the PWMxTMR is counting down
If MODE[1:0] = 00, 01, or 10 (all other modes):
this bit is ignored

bit 3-2 Unimplemented: Read as ‘0’

bit 1-0 OFS[1:0]: Offset Trigger Source Select bit
10 = OF11_match
01 = OF6_match
00 = OF5_match

Note 1: The source corresponding to the PWM module’s own OFx_match is reserved.
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REGISTER 26-7:

PWMxPHH: PWMx PHASE COUNT HIGH 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
PH[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 Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-0 PH[15:8]: PWM Phase High bits

Upper eight bits of PWM phase count

REGISTER 26-8: PWMxPHL: PWMx PHASE COUNT LOW 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
PH[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 Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-0 PH[7:0]: PWM Phase Low bits

Lower eight bits of PWM phase count
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REGISTER 26-9: PWMxDCH: PWMx DUTY CYCLE COUNT HIGH 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
DC[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 Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-0 DC[15:8]: PWM Duty Cycle High bits

Upper eight bits of PWM duty cycle count

REGISTER 26-10: PWMxDCL: PWMx DUTY CYCLE COUNT LOW 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
DC[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 Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-0 DCJ[7:0]: PWM Duty Cycle Low bits

Lower eight bits of PWM duty cycle count
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REGISTER 26-11:

PWMxPRH: PWMx PERIOD COUNT HIGH 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
PR[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 Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-0 PR[15:8]: PWM Period High bits

Upper eight bits of PWM period count

REGISTER 26-12: PWMxPRL: PWMx PERIOD COUNT LOW 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
PR[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 Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-0 PR[7:0]: PWM Period Low bits

Lower eight bits of PWM period count
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REGISTER 26-13: PWMxOFH: PWMx OFFSET COUNT HIGH 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
OF[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 Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-0 OF[15:8]: PWM Offset High bits

Upper eight bits of PWM offset count

REGISTER 26-14: PWMxOFL: PWMx OFFSET COUNT LOW 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
OF[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 Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-0 OF[7:0]: PWM Offset Low bits

Lower eight bits of PWM offset count
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REGISTER 26-15: PWMxTMRH: PWMx TIMER HIGH 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
TMR[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 Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-0 TMR[15:8]: PWM Timer High bits

Upper eight bits of PWM timer counter

REGISTER 26-16: PWMxTMRL: PWMx TIMER LOW 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
TMR[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 Resets
‘1" = Bit is set ‘0’ = Bit is cleared
bit 7-0 TMR[7:0]: PWM Timer Low bits

Lower eight bits of PWM timer counter
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| Note:

There are no long and short bit name variants for the following three mirror registers

REGISTER 26-17: PWMEN: PWMEN BIT MIRROR REGISTER

uU-0 U-0 uU-0 U-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— | — — — | MPWM12EN® | MPWM11EN | MPWMBEN | MPWMSEN
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
‘1’ = Bit is set ‘0’ = Bit is cleared -n/n = Value at POR and BOR/Value at all other Resets
bit 7-3 Unimplemented: Read as ‘0’
bit 2-0 PWMxEN: PWM11/PWM6/PWM5 Enable bits
Mirror copy of each PWM module’s PWMxCON][7] bit
Note 1: PIC16(L)F1777/9 only.
REGISTER 26-18: PWMLD: LDA BIT MIRROR REGISTER
uU-0 U-0 U-0 U-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— | — — | — | MPWM12LD™ [ MPWM1ILD | MPWM6LD | MPWMSLD
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
‘1’ = Bit is set ‘0’ = Bit is cleared -n/n = Value at POR and BOR/Value at all other Resets
bit 7-3 Unimplemented: Read as ‘0’
bit 2 MPWM11LD: PWM11LD bits
Mirror copy of each PWM module’s PWMxLDCON][7] bit
bit 1 MPWM6LD: PWM6LD bits
Mirror copy of each PWM module’s PWMxLDCON][7] bit
bit 0 MPWMS5LD: PWMS5LD bits
Mirror copy of each PWM module’s PWMxLDCON([7] bit
Note 1: PIC16(L)F1777/9 only.
REGISTER 26-19: PWMOUT: PWMOUT BIT MIRROR REGISTER
u-0 u-0 uU-0 uU-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— | — — | — | MPWM120UT™" | MPWM110UT | MPWM6OUT | MPWM50OUT
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
‘1’ = Bit is set ‘0’ = Bit is cleared -n/n = Value at POR and BOR/Value at all other Resets
bit 7-3 Unimplemented: Read as ‘0’
bit 2 MPWM110UT: PWM11 OUT bits
Mirror copy of each PWM module’s PWMxCON[5] bit
bit 1 MPWM6OUT: PWM6 OUT bits
Mirror copy of each PWM module’s PWMxCON[5] bit
bit 0 MPWMS5O0OUT: PWM5 OUT bits
Mirror copy of each PWM module’s PWMxCONI5] bit
Note 1: PIC16(L)F1777/9 only.
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TABLE 26-3: SUMMARY OF REGISTERS ASSOCIATED WITH PWM
Name Bit7 Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 §§%§t:;
OSCCON SPLLEN IRCF[3:0] — SCS[1:0] 17
PWMEN — — — — MPWM12EN™ | MPWM11EN | MPWM6EN | MPWMSEN 356
PWMLD — — — — MPWM12LD™ | MPWM11LD | MPWM6LD | MPWMS5LD 356
PWMOUT — — — — MPWM120UTM | MPWM110UT | MPWMBOUT | MPWM50UT 356
PWMS5PHL PH[7:0] 351
PWMS5PHH PH[15:8] 351
PWMS5DCL DC[7:0] 352
PWM5DCH DC[15:8] 352
PWM5PRL PR[7:0] 353
PWMS5PRH PR[15:8] 353
PWMS5OFL OF[7:0] 354
PWMS5OFH OF[15:8] 354
PWMSTMRL TMR[7:0] 355
PWM5TMRH TMR[15:8] 355
PWM5CON EN — ouT POL MODE[1:0] — — 346
PWMSINTE — — — — OFIE PHIE DCIE PRIE 347
PWMSINTF — — — — OFIF PHIF DCIF PRIF 347
PWM5CLKCON — PS[2:0] — — CS[1:0] 348
PWMS5LDCON LDA LDT — — — — LDS[1:0] 349
PWM5OFCON — OFM[1:0] OFO — — OFS[1:0] 350
PWM6PHL PH[7:0] 351
PWM6PHH PH[15:8] 351
PWM6DCL DC[7:0] 352
PWM6DCH DC[15:8] 352
PWM6PRL PR[7:0] 353
PWM6PRH PR[15:8] 353
PWMBOFL OF[7:0] 354
PWM6OFH OF[15:8] 354
PWM6TMRL TMR[7:0] 355
PWMBTMRH TMR[15:8] 355
PWMBCON EN — ouT POL MODE[1:0] — — 346
PWMGINTE — — — — OFIE PHIE DCIE PRIE 347
PWMGINTF — — — — OFIF PHIF DCIF PRIF 347
PWMBCLKCON — PS[2:0] — — CS[1:0] 348
PWM6LDCON LDA LDT — — — — LDS[1:0] 349
PWM6OFCON — OFM[1:0] OFO — — OFS[1:0] 350
PWM11PHL PH[7:0] 351
PWM11PHH PH[15:8] 351
PWM11DCL DC[7:0] 352
PWM11DCH DC[15:8] 352
PWM11PRL PR[7:0] 353
PWM11PRH PR[15:8] 353
PWM110FL OF[7:0] 354
PWM110FH OF[15:8] 354
PWM11TMRL TMR[7:0] 355
PWM11TMRH TMR[15:8] 355
PWM11CON EN — ouT POL MODE[1:0] — — 346
PWM11INTE — — — — OFIE PHIE DCIE PRIE 347
PWM11INTF — — — — OFIF PHIF DCIF PRIF 347
PWM11CLKCON — PS[2:0] — — CS[1:0] 348
PWM11LDCON LDA LDT — — — — LDS[1:0] 349
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used by PWM.

Note 1:

PIC16(L)F1777/9 only.
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TABLE 26-3: SUMMARY OF REGISTERS ASSOCIATED WITH PWM (CONTINUED)

Name Bit 7 Bit 6 Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0 §§%§t;’
PWM110FCON — OFM[1:0] OFO — — OFS[1:0] 350
PWM12PHL™M PH[7:0] 351
PWM12PHH( PH[15:8] 351
PwM12DCL™ DC[7:0] 352
PWM12DCH™ DC[15:8] 352
PWM12PRL™M PR[7:0] 353
PWM12PRH(" PR[15:8] 353
PWM120FL™M OF[7:0] 354
PWM120FH( OF[15:8] 354
PWM12TMRL(" TMR([7:0] 355
PWM12TMRH(" TMR[15:8] 355
PWM12CON( EN = ouT POL MODE[1:0] = = 346
PWM12INTE( — — — — OFIE PHIE DCIE PRIE 347
PWM12INTF() — — — — OFIF PHIF DCIF PRIF 347
PWM12CLKCON™ = PS[2:0] = = CS[1:0] 348
PWM12LDCON(" LDA LDT = = = = LDS[1:0] 349
PWM120FCON( = OFM[1:0] OFO = = OFS[1:0] 350
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used by PWM.

Note 1:  PIC16(L)F1777/9 only.
TABLE 26-4: SUMMARY OF CONFIGURATION WORDS WITH CLOCK SOURCES
Name |Bits| Bit-7 Bit-6 | Bit13/5 | Bit12/4 | Bit11/3 | Bit10/2 | Bit9N Bit 8/0 ':ﬁgp'zg’;
13:8 = = FCMEN IESO |CLKOUTEN BOREN[1:0] =
CONFIGT1 — — 96
7:0 CP MCLRE PWRTE WDTE[1:0] FOSC[2:0]
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used by clock sources.
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27.0 COMPLEMENTARY OUTPUT
GENERATOR (COG) MODULES

The primary purpose of the Complementary Output
Generator (COG) is to convert a single-output PWM sig-
nal into a two-output complementary PWM signal. The
COG can also convert two separate input events into a
single or complementary PWM output.

TABLE 27-1: AVAILABLE COG MODULES

Device COG1|COG2 |COG3 | COG4
PIC16(L)F1778 . . .
PIC16(L)F1777/9 . . R R

The COG PWM frequency and duty cycle are
determined by a rising event input and a falling event
input. The rising event and falling event may be the
same source. Sources may be synchronous or
asynchronous to the COG_clock.

The rate at which the rising event occurs determines
the PWM frequency. The time from the rising event to
the falling event determines the duty cycle.

A selectable clock input is used to generate the phase
delay, blanking, and dead-band times. Dead-band time
can also be generated with a programmable delay
chain, which is independent from all clock sources.

Simplified block diagrams of the various COG modes
are shown in Figure 27-2 through Figure 27-6.

The COG module has the following features:

» Six modes of operation:
- Steered PWM mode
- Synchronous Steered PWM mode
- Forward Full-Bridge mode
- Reverse Full-Bridge mode
- Half-Bridge mode
- Push-Pull mode
» Selectable COG_clock clock source
» Independently selectable rising event sources
» Independently selectable falling event sources
» Independently selectable edge or level event
sensitivity
* Independent output polarity selection
* Phase delay with independent rising and falling
delay times
» Dead-band control with:
- independent rising and falling event
dead-band times
- Synchronous and asynchronous timing
« Blanking control with independent rising and
falling event blanking times
* Auto-shutdown control with:

- Independently selectable shutdown sources
- Auto-restart enable

- Auto-shutdown pin override control
(high, low, off, and High-Z)

27.1 Output to Pins (all modes)

The COG peripheral has four outputs: COGA, COGB,
COGC, and COGD.

The operating mode, selected with the MD[2:0] bits of
the COGxCONO register, determine the waveform
available at each output. An individual peripheral
source control for each device pin selects the pin or
pins at which the outputs will appear. Please refer to the
RxyPPS register (Register 12-2) for more information.

27.2 Event-Driven PWM (All Modes)

Besides generating PWM and complementary outputs
from a single PWM input, the COG can also generate
PWM waveforms from a periodic rising event and a
separate falling event. In this case, the falling event is
usually derived from analog feedback within the
external PWM driver circuit. In this configuration,
high-power switching transients may trigger a false
falling event that needs to be blanked out. The COG
can be configured to blank falling (and rising) event
inputs for a period of time immediately following the
rising (and falling) event drive output. This is referred to
as input blanking and is covered in Section 27.8
“Blanking Control”.

It may be necessary to guard against the possibility of
external circuit faults. In this case, the active drive must
be terminated before the Fault condition causes
damage. This is referred to as auto-shutdown and is
covered in Section 27.10 “Auto-Shutdown Control”.

The COG can be configured to operate in phase
delayed conjunction with another PWM. The active
drive cycle is delayed from the rising event by a phase
delay timer. Phase delay is covered in more detail in
Section 27.9 “Phase Delay”.

A typical operating waveform, with phase delay and
dead band, generated from a single CCP1 input is
shown in Figure 27-10.
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27.3 Modes of Operation

27.3.1 STEERED PWM MODES

In Steered PWM mode, the PWM signal derived from
the input event sources is output as a single phase
PWM which can be steered to any combination of the
four COG outputs. Output steering takes effect on the
instruction cycle following the write to the COGxSTR
register.

Synchronous Steered PWM mode is identical to the
Steered PWM mode except that changes to the output
steering take effect on the first rising event after the
COGXSTR register write. Static output data is not
synchronized.

Steering mode configurations are shown in Figure 27-2
and Figure 27-3.

Steered PWM and Synchronous Steered PWM modes
are selected by setting the MDI[2:0] bits of the
COGXCONO register (Register 27-1) to ‘000’ and
‘001’, respectively.

27.3.2 FULL-BRIDGE MODES

In both Forward and Reverse Full-Bridge modes, two of
the four COG outputs are active and the other two are
inactive. Of the two active outputs, one is modulated by
the PWM input signal and the other is on at 100% duty
cycle. When the direction is changed, the dead-band
time is inserted to delay the modulated output. This
gives the unmodulated driver time to shut down,
thereby, preventing shoot-through current in the series
connected power devices.

In Forward Full-Bridge mode, the PWM input
modulates the COGxD output and drives the COGA
output at 100%.

In Reverse Full-Bridge mode, the PWM input
modulates the COGxB output and drives the COGxC
output at 100%.

The full-bridge configuration is shown in Figure 27-4.
Typical full-bridge waveforms are shown in
Figure 27-12 and Figure 27-13.

Full-Bridge Forward and Full-Bridge Reverse modes
are selected by setting the MD[2:0] bits of the
COGxCONO register to ‘010’ and ‘011’, respectively.

FIGURE 27-1: EXAMPLE OF FULL-BRIDGE APPLICATION
V+
FET QA ' QC FET
Driver Driver
— —
COGxA I |t ji I
[ A |
COGXB [Load |
FET FET
Driver ] Driver
| |t Y |
| js | |
V-
COGxD >
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27.3.3 HALF-BRIDGE MODE

In Half-Bridge mode, the COG generates a two output
complementary PWM waveform from rising and falling
event sources. In the simplest configuration, the rising
and falling event sources are the same signal, which is
a PWM signal with the desired period and duty cycle.
The COG converts this single PWM input into a dual
complementary PWM output. The frequency and duty
cycle of the dual PWM output match those of the single
input PWM signal. The off-to-on transition of each
output can be delayed from the on-to-off transition of
the other output, thereby, creating a time immediately
after the PWM transition where neither output is driven.
This is referred to as dead-band time and is covered in
Section 27.7 “Dead-Band Control”.

The half-bridge configuration is shown in Figure 27-5. A
typical operating waveform, with dead band, generated
from a single CCP1 input is shown in Figure 27-9.

The primary output is available on either, or both, COGxA
and COGxC. The complementary output is available on
either, or both, COGxB and COGxD.

Half-Bridge mode is selected by setting the MD[2:0]
bits of the COGxCONO register to ‘100’.

27.3.4 PUSH-PULL MODE

In Push-Pull mode, the COG generates a single PWM
output that alternates between the two pairs of the
COG outputs at every PWM period. COGxA has the
same signal as COGxC. COGxB has the same signal
as COGxD. The output drive activates with the rising
input event and terminates with the falling event input.
Each rising event starts a new period and causes the
output to switch to the COG pair not used in the previ-
ous period.

The Push-Pull configuration is shown in Figure 27-6. A
typical Push-Pull waveform generated from a single
CCP1 input is shown in Figure 27-11.

Push-Pull mode is selected by setting the MD[2:0] bits
of the COGxCONQO register to ‘101".
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FIGURE 27-2: SIMPLIFIED COG BLOCK DIAGRAM (STEERED PWM MODE, MD = 0)
ASDACI[1:0]
Hi-Z
Reserved — 17 !
HFINTOSC — 10 lock
COG_clocl COGxA
Fosc —01
Fosc/l4 — 00
POLA SDATA
Cs[1:0] Rising Input Block STRA ASDBDI[1:0]
clock |- 11
src15 . (y
L Reset Dominates 0'—y10
Rising event sources ¢ Hi- 01
See Register 27-3 and o rising_event S Q 00
Register 27-4. ° 1 COGxB
— L
srcO —R Q —‘ ) . 0
count_en | POLB SDATB J
STRB ASDACI[1:0]
Falling Input Block
‘1'—11
clock [-e— ‘0'—10
src15 Hi-z—{01
Falling event sources 00
See Register 27-7 and :
Register 27-8. . falling_event——————y~ | 1 COGxC
———(src0 ’:> 0
count_en |- POLC SDATC ‘
STRC ASDBD[1:0] N
‘1'—11
‘0'— 10
N[> Hi-z—|01
Source 7 00 1 COGXD
ASTE "—’_>
0
Shutdown sources ® POLD SDATD
See Register 27-12. Auto-shutdown source
STRD
Source 0
ASOE S Q * ASE
ARSEN S
Write ASE High Write ASE Low R D Q

Set Dominates
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FIGURE 27-3: SIMPLIFIED COG BLOCK DIAGRAM (SYNCHRONOUS STEERED PWM MODE, MD = 1)
ASDAC[1:0]
o
o
Reserved —{17 High-Z
HFINTOSC — 19 COG._clock oA
Fosc — 01 ﬁ 1
Fosc/4 — 00
POLA SDATA—0
CS[1:01— Rising Input Block STRA D Q ASDBDI[1:0]
srel5 clock |- . — 1
Rising event sources ¢ Reset Dominates oo
See Register 27-3 and o rising_event s Q High-Z:
Register 27-4. ° - 0GB
srcO —IR Q _‘ "ﬁDﬁ 1
count_en | g POLB SDATB—¢ ‘
STRB D Q ASDAC[1:0]
Falling Input Block
> ok
15 clock|-e— o
src )
Falling event sources High-Z:
See Register 27-7 and :
Register 27-8. falling_event ] COGxC
——(src0 —_ )D
count_en |- POLC SDATC—{0 ‘
STRC D Q ASDBD[1:O]—|
>~
‘1’ 11
‘0’ 10
E—IN So— High-z—01
Source 7 00
AS7E COGxD

Shutdown sources @
See Register 27-12.

Source 0
ASOE

Write ASE High

Auto-shutdown source

ARSEN

o :
POLD SDATD —{o
STRD D Q

Write ASE Low

S Q

R
Set Dominates

nr—e
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FIGURE 27-4:

SIMPLIFIED COG BLOCK DIAGRAM (FULL-BRIDGE MODES, FORWARD: MD = 2, REVERSE: MD = 3)

Reserved — 11
HFINTOSC —1¢9

ASDAC[1:0]

COG_clock
Fosc —01 . COGxA
f\
Fosc/4 —00 L/ -
CS[1:0] Rising Dead-Band Block
: Rising Input Block clock POLA — ASDBDI[1:0]
src15 clock | signal_out|— ‘1'—11
Rising event sources o Reset Dominates e Hi h‘_OZ’ ég
See Register 27-3 o rising_event S Q 9 00
and Register 27-4. o _ 1 COGxB
| srcO R Q ) )
hd 0
count_en | —‘
q
. POLB — ASDACI[1:0]
Falling Input Block ralling Dead-Band Block
17 11
clock |-e— clock ‘0'—10
‘ src15 signal_out High-z—01
Falling event sources ignal i 00
See Register 27-7 and : signal_in
Register 27-8. . falling_event ! COGxC
\
- dsrc0 — ) > A 0
count_en |- 4
POLC | .
Forward/Reverse ASDEBD[1:0]
MD0O —D Q ‘1—11
‘0’ 10
EN > _ .
Source 7 Q High-Z gé
ASTE : COGxD
Shutdown sources @ ) > 0
See Register 27-12. ® Auto-shutdown source
]
POLD
Source 0
ASOE
S Q * ASE
Write ASE High ARSEN S
Write ASE Low R D Q

Set Dominates
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FIGURE 27-5:

SIMPLIFIED COG BLOCK DIAGRAM (HALF-BRIDGE MODE, MD = 4)

reserved — 17
HFINTOSC —1¢9

COG_clock

o
o
High-Z

ASDAC[1:0]

COGxA
Fosc —01 D -
Fosc/4 —00
CSI:01" Rising Input Block POLA ~ ASDBDI[1:0]
Rising Dead-Band Block
clock |- —111
| src15 ) clock ‘1,
Rising event sources ¢ Reset Dominates signal_out Hi h-OZ ég
See  Register 27-3 o rising_event S Q signal_in 9 00
and Register 27-4. o - 1 COGxB
| srcO —R QF— \j >
A 0
count_en | ’—}
. POLB ~ ASDACI1:0]
Falling Input Block Falling Dead-Band Block
‘1" 11
clock |-e— L—{clock o—10
src15 signal_out High-Z 01
Falling event sources ; ; 00
See Register 27-7 and : signal_in
Register 27-8. ® falling_event 1 COGxC
E——e - 0] — > ® 0
count_en |- <
POLC — ASDBDI[1:0]
‘17 11
‘0’ 10
EN > .
Source 7 a2 8;
ASTE ! COGXD
Shutdown sources @ ) 2 0
See Register 27-12. Auto-shutdown source
POLD
Source 0
ASOE
S Q * ASE
Write ASE High ARSEN S
Write ASE Low ) R D Q

Set Dominates
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FIGURE 27-6: SIMPLIFIED COG BLOCK DIAGRAM (PUSH-PULL MODE, MD = 5)
ASDACI1:0]
o
‘o
High-Z
reserved — 11 9
HFINTOSC — 10
COG_clock COGxA
Fosc —01 —
Fosc/4 —00 ) > -
CS[1:0] Rising Input Block f L ______ R POLA ~ ASDBD[1:0]
. | Push-Pull | -
| src15 clock i | ,_7 | 1—11
- Reset Dominat D Q ‘0'—10
Rising event sources ¢ eset Dominates | 4 Highz—01
Register 27- oy _ igh-
il et e syl 9 L 5
' < COGxB
| srcO —R Q | | \D —
—‘ L e e e e e e e e == J A 4 O
count_en | ’ﬁ)
q
POLB — ASDACI[1:0]
Falling Input Block
1’ 11
src15 clock ‘0'—10
Falling event sources High-Z—01
See Register 27-7 and : 00
Register 27-8. ° falling_event 1 COGxC
— g srco — —) > Py 0
count_en |- P
POLC — ASDBD[1:0]
‘1’ 11
‘0’ 10
EN > .
Source 7 Hian-2 gé
ASTE 1 COGXD
Shutdown sources ® - ) 0
See Register 27-12. @ Auto-shutdown source
.
POLD
Source 0
ASOE
S Q * ASE
Write ASE High ARSEN S
Write ASE Low R D Q

Set Dominates
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FIGURE 27-7: COG (RISING/FALLING) INPUT BLOCK
clock
PH(R|/F)[3:0]
> Blanking _
count_en -Cnt/% ng -t t>Phase
[ § > Delay
BLK(F/R)[3:0]
| src15 |
I WD D Q * (rising/falling)_event
| LE 0 |
| (RIF)SIM15 |
src1 through src14
O _/
(R/F)IS1 through (R/F)IS14 :
(RIF)SIM1 through (R/F)SIM14 T
fse0 o —— T |
| (RIF)ISO ) D Q1 :
| LE 0
| (R/F)SIMO |
FIGURE 27-8: COG (RISING/FALLING) DEAD-BAND BLOCK
(R/F)DBTS
clock Synchronous
Delay
—1c t/CIr B
g nt/Clr |
1 DBR[3|:0]
Asynchronous
Delay Chain
signal_in signal_out
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FIGURE 27-9: TYPICAL HALF-BRIDGE MODE COG OPERATION WITH CCP1

COG_clock
Source

cep1 | |
COGXA

> rising event dead band (>
-» «falling event dead band -» «falling event dead bgnd

COGxB ‘

FIGURE 27-10: HALF-BRIDGE MODE COG OPERATION WITH CCP1 AND PHASE DELAY

COG_clock
Source
CCP1
COGxA
rising event
. ™ dead band
> Ffalllng event dead band +»Phase Delay«+ » |« falling event

COGxB dead band

FIGURE 27-11: PUSH-PULL MODE COG OPERATION WITH CCP1
CCP1
COGxA

COGxB
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FIGURE 27-12: FULL-BRIDGE FORWARD MODE COG OPERATION WITH CCP1

CCP1

COGxA

COGxB

COGxC

COGxD

FIGURE 27-13: FULL-BRIDGE MODE COG OPERATION WITH CCP1 AND DIRECTION CHANGE

cert || .

COGxA

— %falling event dead band

COGxB |

COGxC

COGxD

MDO
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27.4 Clock Sources

The COG_clock is used as the reference clock to the
various timers in the peripheral. Timers that use the
COG_clock include:

» Rising and falling dead-band time
» Rising and falling blanking time
» Rising and falling event phase delay

Clock sources available for selection include:

* 16 MHz HFINTOSC (active during Sleep)
* Instruction clock (FOsc/4)
» System clock (FOSC)

The clock source is selected with the CS[1:0] bits of
the COGxCONQO register (Register 27-1).

27.5 Selectable Event Sources

The COG uses any combination of independently
selectable event sources to generate the complementary
waveform. Sources fall into two categories:

» Rising event sources
» Falling event sources

The rising event sources are selected by setting bits in
the COGxRIS0 and COGxRIS1 registers (Register 27-3
and Register 27-4). The falling event sources are
selected by setting bits in the COGxFISO and COGxF1
registers (Register 27-7 and Register 27-8). All selected
sources are OR’d together to generate the correspond-
ing event signal. Refer to Figure 27-7.

27.5.1 EDGE VS. LEVEL SENSING

Event input detection may be selected as level or edge
sensitive. The detection mode is individually selectable
for every source. Rising source detection modes are
selected with the COGxRSIMO and COGxRSIM1
registers (Register 27-5 and Register 27-6). Falling
source detection modes are selected with the
COGxFSIMO0 and COGxFSIM1 registers (Register 27-9
and Register 27-10). A set bit selects edge detection for
the corresponding event source. A cleared bit selects
level detection.

In general, events that are driven from a periodic
source should be edge detected and events that are
derived from voltage thresholds at the target circuit
should be level sensitive. Consider the following two
examples:

1. The first example is an application in which the
period is determined by a 50% duty cycle clock on the
rising event input and the COG output duty cycle is
determined by a voltage level fed back through a com-
parator on the falling event input. If the clock input is
level sensitive, duty cycles less than 50% will exhibit
erratic operation.

2. The second example is similar to the first except that
the duty cycle is close to 100%. The feedback
comparator high-to-low transition trips the COG drive
off, but almost immediately the period source turns the
drive back on. If the off cycle is short enough, the
comparator input may not reach the low side of the
hysteresis band precluding an output change. The
comparator output stays low and without a high-to-low
transition to trigger the edge sense, the drive of the
COG output will be stuck in a constant drive-on
condition. See Figure 27-14.

FIGURE 27-14: EDGE VS. LEVEL SENSE

Rising (CCP1)

Falling (C10UT)

C1IN-

cosout | i

Edge Sensitive

Rising (CCP1)
Falling (C10UT) | ] I

C1IN-

cocout | L] |

Level Sensitive
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2752 RISING EVENT

The rising event starts the PWM output active duty
cycle period. The rising event is the low-to-high
transition of the rising_event output. When the rising
event phase delay and dead-band time values are zero,
the primary output starts immediately. Otherwise, the
primary output is delayed. The rising event source
causes all the following actions:

» Start rising event phase delay counter (if enabled).
» Clear complementary output after phase delay.

« Start falling event input blanking (if enabled).

» Start dead-band delay (if enabled).

» Set primary output after dead-band delay expires.

27.5.3 FALLING EVENT

The falling event terminates the PWM output active duty
cycle period. The falling event is the high-to-low
transition of the falling_event output. When the falling
event phase delay and dead-band time values are zero,
the complementary output starts immediately. Otherwise,
the complementary output is delayed. The falling event
source causes all the following actions:

« Start falling event phase delay counter (if enabled).

» Clear primary output.

« Start rising event input blanking (if enabled).

» Start falling event dead-band delay (if enabled).

» Set complementary output after dead-band delay
expires.

27.6 Output Control

Upon disabling, or immediately after enabling the COG
module, the primary COG outputs are inactive and
complementary COG outputs are active.

27.6.1 OUTPUT ENABLES

There are no output enable controls in the COG
module. Instead, each device pin has an individual
output selection control called the PPS register. All
four COG outputs are available for selection in the
PPS register of every pin.

When a COG output is enabled by PPS selection, the
output on the pin has several possibilities which
depend on the mode, steering control, EN bit, and
shutdown state as shown in Table 27-2 and Table 27-3.

;I'ABLE 27-2: PIN OUTPUT STATES MD[2:0]

=00x
EN STR bit | Shutdown Output
0 Inactive | Static steering data

Active Shutdown override

R lo|X | X

1
1 Inactive | Inactive state
1 Inactive | Active PWM signal

TABLE 27-3: PIN OUTPUT STATES MDJ[2:0]
> 001

EN STR bit | Shutdown Output

Inactive | Inactive state

X X Active Shutdown override

Inactive | Active PWM signal

27.6.2 POLARITY CONTROL

The polarity of each COG output can be selected
independently. When the output polarity bit is set, the
corresponding output is active-low. Clearing the output
polarity bit configures the corresponding output as
active-high. However, polarity affects the outputs in
only one of the four shutdown override modes. See
Section 27.10 “Auto-Shutdown Control” for more
details.

Output polarity is selected with the POLA through POLD
bits of the COGxCON1 register (Register 27-2).

27.7 Dead-Band Control

The dead-band control provides for non-overlapping
PWM output signals to prevent shoot-through current
in the external power switches. Dead-band time
affects the output only in the Half-Bridge mode and
when changing direction in the Full-Bridge mode.

The COG contains two dead-band timers. One
dead-band timer is used for rising event dead-band
control. The other is used for falling event dead-band
control. Timer modes are selectable as either:

» Asynchronous delay chain
» Synchronous counter

The Dead-Band Timer mode is selected for the rising
event and falling event dead-band times with the
respective RDBS and FDBS bits of the COGxCON1
register (Register 27-2).

In Half-Bridge mode, the rising event dead-band time
delays all selected primary outputs from going active
for the selected dead-band time after the rising event.
COGxA and COGxC are the primary outputs in
Half-Bridge mode.

In Half-Bridge mode, the falling event dead-band time
delays all selected complementary outputs from going
active for the selected dead-band time after the falling
event. COGxB and COGxD are the complementary
outputs in Half-Bridge mode.

In Full-Bridge mode, the dead-band delay occurs only
during direction changes. The modulated output is
delayed for the falling event dead-band time after a
direction change from forward to reverse. The
modulated output is delayed for the rising event
dead-band time after a direction change from reverse
to forward.

© 2015-2020 Microchip Technology Inc.
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27.7.1 ASYNCHRONOUS DELAY CHAIN
DEAD-BAND DELAY

Asynchronous dead-band delay is determined by the
time it takes the input to propagate through a series of
delay elements. Each delay element is a nominal five
nanoseconds.

For rising event asynchronous dead-band delay set the
RDBS bit of the COGxCONO register and set the
COGxDBR register (Register 27-14) value to the
desired number of delay elements in the rising event
dead-band time.

For falling event asynchronous dead-band delay set
the FDBS bit of the COGxCONQO register and set the
COGxDBF register (Register 27-15) value to the
desired number of delay elements in the falling event
dead-band time.

Setting the value to zero disables dead-band delay.

27.7.2 SYNCHRONOUS COUNTER
DEAD-BAND DELAY

Synchronous counter dead band is timed by counting
COG_clock periods from zero up to the value in the
dead-band count register. Use Equation27-1 to
calculate dead-band times.

For rising event synchronous dead-band delay clear
the RDBS bit of the COGxCONO register and set the
COGxDBR count register value to the number of
COG_clock periods in the rising event dead-band
time.

For falling event synchronous dead-band delay clear
the FDBS bit of the COGxCONO register and set the
COGxDBF count register value to the number of
COG_clock periods in the falling event dead-band
time.

When the value is zero, dead-band delay is disabled.

27.7.3 SYNCHRONOUS COUNTER
DEAD-BAND TIME UNCERTAINTY

When the rising and falling events that trigger the
dead-band counters come from asynchronous inputs,
it creates uncertainty in the synchronous counter
dead-band time. The maximum uncertainty is equal to
one COG_clock period. Refer to Example 27-1 for
more detail.

When event input sources are asynchronous with no
phase delay, use the Asynchronous Delay Chain
Dead-Band mode to avoid the dead-band time
uncertainty.

27.74 RISING EVENT DEAD BAND

Rising event dead band delays the turn-on of the
primary outputs from when complementary outputs are
turned off. The rising event dead-band time starts
when the rising_ event output goes true.

See Section 27.7.1 “Asynchronous Delay Chain
Dead-Band Delay” and Section 27.7.2
“Synchronous Counter Dead-Band Delay” for more
information on setting the rising edge dead-band time.

27.7.5 FALLING EVENT DEAD BAND

Faling event dead band delays the turn-on of
complementary outputs from when the primary outputs
are turned off. The falling event dead-band time starts
when the falling_event output goes true.

See Section 27.7.1 “Asynchronous Delay Chain
Dead-Band Delay” and Section 27.7.2
“Synchronous Counter Dead-Band Delay” for more
information on setting the rising edge dead-band time.

27.7.6 DEAD-BAND OVERLAP
There are two cases of potential dead-band overlap:

 Rising-to-falling
* Falling-to-rising

27.7.6.1 Rising-to-Falling Overlap

In this case, the falling event occurs while the rising
event dead-band counter is still counting. When this
happens, the primary drives are suppressed and the
dead band extends by the falling event dead-band
time. At the termination of the extended dead-band
time, the complementary drive goes true.

27.7.6.2 Falling-to-Rising Overlap

In this case, the rising event occurs while the falling
event dead-band counter is still counting. When this
happens, the complementary drive is suppressed and
the dead band extends by the rising event dead-band
time. At the termination of the extended dead-band
time, the primary drive goes true.

27.8 Blanking Control

Input blanking is a function whereby the event inputs
can be masked or blanked for a short period of time.
This is to prevent electrical transients caused by the
turn-on/off of power components from generating a
false input event.

The COG contains two blanking counters: one
triggered by the rising event and the other triggered by
the falling_event. The counters are cross coupled with
the events they are blanking. The falling event
blanking counter is used to blank rising input events
and the rising event blanking counter is used to blank
falling input events. Once started, blanking extends for
the time specified by the corresponding blanking
counter.

Blanking is timed by counting COG_clock periods from
zero up to the value in the blanking count register. Use
Equation 27-1 to calculate blanking times.
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27.8.1 FALLING EVENT BLANKING OF
RISING EVENT INPUTS

The falling event blanking counter inhibits rising event
inputs from triggering a rising event. The falling event
blanking time starts when the rising_event output drive
goes false.

The falling event blanking time is set by the value
contained in the COGxBLKF register (Register 27-17).
Blanking times are calculated using the formula shown
in Equation 27-1.

When the COGxBLKF value is zero, falling event
blanking is disabled and the blanking counter output is
true, thereby, allowing the event signal to pass straight
through to the event trigger circuit.

27.8.2 RISING EVENT BLANKING OF
FALLING EVENT INPUTS

The rising event blanking counter inhibits falling event
inputs from triggering a falling event. The rising event
blanking time starts when the falling_event output
drive goes false.

The rising event blanking time is set by the value
contained in the COGxBLKR register (Register 27-16).

When the COGxBLKR value is zero, rising event
blanking is disabled and the blanking counter output is
true, thereby, allowing the event signal to pass straight
through to the event trigger circuit.

27.8.3 BLANKING TIME UNCERTAINTY

When the rising and falling sources that trigger the
blanking counters are asynchronous to the
COG_clock, it creates uncertainty in the blanking time.
The maximum uncertainty is equal to one COG_clock
period. Refer to Equation 27-1 and Example 27-1 for
more detail.

27.9 Phase Delay

It is possible to delay the assertion of either or both the
rising event and falling events. This is accomplished
by placing a non-zero value in COGxPHR or
COGxPHF phase-delay count registers, respectively
(Register 27-18 and Register 27-19). Refer to
Figure 27-10 for COG operation with CCP1 and phase
delay. The delay from the input rising event signal
switching to the actual assertion of the events is
calculated the same as the dead-band and blanking
delays. Refer to Equation 27-1.

When the phase-delay count value is zero, phase
delay is disabled and the phase-delay counter output
is true, thereby, allowing the event signal to pass
straight through to the complementary output driver
flop.

27.9.1 CUMULATIVE UNCERTAINTY

Itis not possible to create more than one COG_clock of
uncertainty by successive stages. Consider that the
phase-delay stage comes after the blanking stage, the
dead-band stage comes after either the blanking or
phase-delay stages, and the blanking stage comes
after the dead-band stage. When the preceding stage
is enabled, the output of that stage is necessarily
synchronous with the COG_clock, which removes any
possibility of uncertainty in the succeeding stage.

EQUATION 27-1: PHASE, DEAD-BAND,
AND BLANKING TIME

CALCULATION
T = Count
min F
COG clock
T _  Count+1
max F
COG _clock
Tuncertainty = Tmax ~ Tnin
Also:
Tuncertainty - F :
COG _clock
Where:
T Count
Rising Phase Delay COGxPHR
Falling Phase Delay COGxPHF
Rising dead band COGxDBR
Falling dead band COGxDBF
Rising Event Blanking COGxBLKR
Falling Event Blanking COGxBLKF

© 2015-2020 Microchip Technology Inc.
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EXAMPLE 27-1: TIMER UNCERTAINTY

Given:
Count = Ah = 10d
FcoG clock = 8MHz
Therefore:
Tuncertainty - F 1
COG _clock
_ 1 _
= = 125ns
8MHz
Proof:
T = Count
min
COG clock
= 125nse10d = 1.25pus
T _ Count+1
max f
COG clock
= 125ns e (10d+ 1)
= 1.375us
Therefore:
T . =T -T .
uncertainty max min
= 1375us —1.25us
= 125ns

27.10 Auto-Shutdown Control

Auto-shutdown is a method to immediately override
the COG output levels with specific overrides that
allow for safe shutdown of the circuit.

The shutdown state can be either cleared
automatically or held until cleared by software. In
either case, the shutdown overrides remain in effect
until the first rising event after the shutdown is cleared.

27.10.1  SHUTDOWN

The shutdown state can be entered by either of the
following two mechanisms:

» Software generated
« External Input

27.10.1.1 Software Generated Shutdown

Setting the ASE bit of the COGxASDO register
(Register 27-11) will force the COG into the shutdown
state.

When auto-restart is disabled, the shutdown state will
persist until the first rising event after the ASE bit is
cleared by software.

When auto-restart is enabled, the ASE bit will clear
automatically and resume operation on the first rising
event after the shutdown input clears. See
Figure 27-15 and Section 27.10.3.2 “Auto-Restart”.

27.10.1.2 External Shutdown Source

External shutdown inputs provide the fastest way to
safely suspend COG operation in the event of a Fault
condition. When any of the selected shutdown inputs
go true, the output drive latches are reset and the
COG outputs immediately go to the selected override
levels without software delay.

Any combination of the input sources can be selected
to cause a shutdown condition. Shutdown occurs
when the selected source is low. Shutdown input
sources include:

* Any input pin selected with the COGxINPPS
control

» Comparator 1

» Comparator 2

* Comparator 3

» Comparator 4

* CLC2 output/CLC4 output

» Timer2 output/Timer6 output

» Timer4 output/Timer8 output

Shutdown inputs are selected independently with bits
of the COGxASD1 register (Register 27-12).

Note:  Shutdown inputs are level sensitive, not
edge sensitive. The shutdown state
cannot be cleared as long as the
shutdown input level persists, except by
disabling auto-shutdown,

27.10.2 PIN OVERRIDE LEVELS

The levels driven to the output pins, while the
shutdown is active, are controlled by the ASDAC[1:0]
and ASDBCI1:0] bits of the COGxASDO register
(Register 27-11). ASDACI[1:0] controls the COGxA
and COGxC override levels and ASDBCJ[1:0] controls
the COGxB and COGxD override levels. There are
four override options for each output pair:

» Forced low

» Forced high

» Tri-state

* PWM inactive state (same state as that caused by
a falling event)

Note:  The polarity control does not apply to the
forced low and high override levels but

does apply to the PWM inactive state.
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27.10.3 AUTO-SHUTDOWN RESTART

After an auto-shutdown event has occurred, there are
two ways to resume operation:

» Software controlled
¢ Auto-restart

The restart method is selected with the ARSEN bit of
the COGxASDO register. Waveforms of a software con-
trolled automatic restart are shown in Figure 27-15.

27.10.3.1 Software Controlled Restart

When the ARSEN bit of the COGxASDO register is
cleared, software must clear the ASE bit to restart
COG operation after an auto-shutdown event.

The COG will resume operation on the first rising
event after the ASE bit is cleared. Clearing the
shutdown state requires all selected shutdown inputs
to be false, otherwise, the ASE bit will remain set.

27.10.3.2 Auto-Restart

When the ARSEN bit of the COGxASDO register is
set, the COG will restart from the auto-shutdown state
automatically.

The ASE bit will clear automatically and the COG wiill
resume operation on the first rising event after all
selected shutdown inputs go false.

© 2015-2020 Microchip Technology Inc.
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27.11 Buffer Updates

Changes to the phase, dead-band, and blanking count
registers need to occur simultaneously during COG
operation to avoid unintended operation that may
occur as a result of delays between each register
write. This is accomplished with the LD bit of the
COGxCONO register and double buffering of the
phase, blanking and dead-band count registers.

Before the COG module is enabled, writing the count
registers loads the count buffers without need of the
LD bit. However, when the COG is enabled, the count
buffer updates are suspended after writing the count
registers until after the LD bit is set. When the LD bit is
set, the phase, dead-band and blanking register val-
ues are transferred to the corresponding buffers syn-
chronous with COG operation. The LD bit is cleared by
hardware when the transfer is complete.

27.12 Input and Output Pin Selection

The COG has one selection for an input from a device
pin. That one input can be used as rising and falling
event source or a fault source. The COGxINPPS reg-
ister is used to select the pin. Refer to registers
xxxPPS (Register 12-1) and RxyPPS (Register 12-2).

The pin PPS control registers are used to enable the
COG outputs. Any combination of outputs to pins is
possible including multiple pins for the same output.
See the RxyPPS control register and Section 12.2
“PPS Outputs” for more details.

27.13 Operation During Sleep

The COG continues to operate in Sleep provided that
the COG_clock, rising event, and falling event sources
remain active.

The HFINTSOC remains active during Sleep when the
COG is enabled and the HFINTOSC is selected as the
COG_clock source.

27.14 Configuring the COG

The following steps illustrate how to properly configure
the COG to ensure a synchronous start with the rising
event input:

1. If a pinis to be used for the COG fault or event
input, use the COGxINPPS register to configure
the desired pin.

2. Clear all ANSEL register bits associated with
pins that are used for COG functions.

3. Ensure that the TRIS control bits corresponding
to the COG outputs to be used are set so that all
are configured as inputs. The COG module will
enable the output drivers as needed later.

4. Clear the EN bit, if not already cleared.

10.

1.

12.

13.

14.

15.
16.

17.

Set desired dead-band times with the
COGxDBR and COGxDBEF registers and select
the source with the RDBS and FDBS bits of the
COGxCONT1 register.

Set desired blanking times with the COGxBLKR
and COGXxBLKF registers.

Set desired phase delay with the COGxPHR
and COGxPHF registers.

Select the desired shutdown sources with the
COGXxASD1 register.

Setup the following controls in COGxASDO
auto-shutdown register:

« Select both output override controls to the
desired levels (this is necessary, even if not
using auto-shutdown because start-up will be
from a shutdown state).

+ Set the ASE bit and clear the ARSEN bit.

Select the desired rising and falling event

sources with the COGxRIS0, COGxRIS1,

COGxFIS0, and COGxFIS1 registers.

Select the desired rising and falling event modes

with  the = COGxRSIM0, COGxRSIMI1,

COGxFSIMO0, and COGxFSIM1 registers.

Configure the following controls in the

COGxCONT1 register:

» Set the polarity for each output

+ Select the desired dead-band timing sources

Configure the following controls in the

COGxCONO register:

» Set the desired operating mode

+ Select the desired clock source

If one of the steering modes is selected then

configure the following controls in the

COGXSTR register:

+ Set the steering bits of the outputs to be
used.

+ Set the desired static levels.

Set the EN bit.

Set the pin PPS controls to direct the COG

outputs to the desired pins.

If auto-restart is to be used, set the ARSEN bit

and the ASE will be cleared automatically.

Otherwise, clear the ASE bit to start the COG.

© 2015-2020 Microchip Technology Inc.
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27.15 Register Definitions: COG Control

Long bit name prefixes for the COG peripherals are
shown in Table 27-4. Refer to Section 1.1 “Register
and Bit naming conventions” for more information

TABLE 27-4:
Peripheral Bit Name Prefix
COG1 G1
COG2 G2
COG3 G3
coga!l G4

Note 1: PIC16(L)F1777/9 only.

REGISTER 27-1: COGxCONO0: COG CONTROL REGISTER 0

R/W-0/0 R/W-0/0 u-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
EN LD — CS[1:0] MD[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 q = Value depends on condition
bit 7 EN: COGx Enable bit

1 = Module is enabled
0 = Module is disabled

bit 6 LD: COGx Load Buffers bit

1 = Phase, blanking, and dead-band buffers to be loaded with register values on next input events
0 = Register to buffer transfer is complete

bit 5 Unimplemented: Read as ‘0’
bit 4-3 CS[1:0]: COGx Clock Selection bits

11 = Reserved. Do not use.
10 = COG_clock is HFINTOSC (stays active during Sleep)
01 = COG_clock is Fosc
00 = COG_clock is Fosc/4

bit 2-0 MD[2:0]: COGx Mode Selection bits
11x = Reserved. Do not use.
101 = COG outputs operate in Push-Pull mode
100 = COG outputs operate in Half-Bridge mode
011 = COG outputs operate in Reverse Full-Bridge mode
010 = COG outputs operate in Forward Full-Bridge mode
001 = COG outputs operate in synchronous steered PWM mode
000 = COG outputs operate in steered PWM mode
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REGISTER 27-2: COGxCON1: COG CONTROL REGISTER 1

R/W-0/0 R/W-0/0 uU-0 uU-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
RDBS FDBS = — POLD POLC POLB POLA

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 q = Value depends on condition
bit 7 RDBS: COGx Rising Event Dead-band Timing Source Select bit

1 = Delay chain and COGxDBR are used for dead-band timing generation
0 = COGx_clock and COGxDBR are used for dead-band timing generation

bit 6 FDBS: COGx Falling Event Dead-band Timing Source select bit

1 = Delay chain and COGxDBF are used for dead-band timing generation
0 = COGx_clock and COGxDBF are used for dead-band timing generation

bit 5-4 Unimplemented: Read as ‘0’
bit 3 POLD: COGxD Output Polarity Control bit

1 = Active level of COGxD output is low
0 = Active level of COGxD output is high

bit 2 POLC: COGxC Output Polarity Control bit
1 = Active level of COGxC output is low
0 = Active level of COGxC output is high

bit 1 POLB: COGxB Output Polarity Control bit
1 = Active level of COGxB output is low
0 = Active level of COGxB output is high

bit 0 POLA: COGxA Output Polarity Control bit

1 = Active level of COGxA output is low
0 = Active level of COGxA output is high
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REGISTER 27-3: COGXxRIS0: COG RISING EVENT INPUT SELECTION 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
RIS7 | RIS6 | RIS5 | Rsa | Rs3 | RIS2 | RIS | RIso
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 q = Value depends on condition
bit 7-0 RIS[7:0]: Source Rising Event Input [n] Source Enable bits(). See Table 27-5.
1 = Source [n] output is enabled as a rising event input
0 = Source [n] output has no effect on the rising event
Note 1: Any combination of [n] bits can be selected.
REGISTER 27-4: COGXxRIS1: COG RISING EVENT INPUT SELECTION 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
RISt'5 | Rst4 | Rs13 | Rs12 | Rsn | Rsto | Rse | Ris8
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 q = Value depends on condition
bit 15-8 RIS[15:8]: COGx Rising Event Input [n] Source Enable bits(!). See Table 27-5.
1= Source [n] output is enabled as a rising event input
0 = Source [n] output has no effect on the rising event
Note 1: Any combination of [n] bits can be selected.
TABLE 27-5: RISING/FALLING EVENT INPUT SOURCES
Bit [n] COG1 COG2 coaGs™ coGs3®? coGa
15 LC4_out LC4_out LC4_out LC4_out LC4_out
14 LC3_out LC3_out LC3_out LC3_out LC3_out
13 LC2_out LC2_out LC2_out LC2_out LC2_out
12 LC1_out LC1_out LC1_out LC1_out LC1_out
1" MD1_out MD2_out MD3_out MD3_out MD4_out
10 PWM6_output PWM6_output PWM12_output Reserved PWM12_output
9 PWMS5_output PWMS5_output PWM11_output PWM11_output PWM11_output
8 PWM4_output PWM4_output PWM10_output Reserved PWM10_output
7 PWM3_output PWM3_output PWMS9_output PWMS9_output PWMS9_output
6 CCP2_out CCP2_out CCP8_out CCP7_out CCP8_out
5 CCP1_out CCP1_out CCP7_out CCP1_out CCP7_out
4 sync_CM4_out sync_CM4_out sync_CM8_out sync_CM6_out sync_CM8_out
3 sync_CM3_out sync_CM3_out sync_CM7_out sync_CM5_out sync_CM7_out
2 sync_CM2_out sync_CM2_out sync_CM6_out sync_CM2_out sync_CM6_out
1 sync_CM1_out sync_CM1_out sync_CM5_out sync_CM1_out sync_CM5_out
0 Pin selected with Pin selected with Pin selected with Pin selected with Pin selected with
COG1PPS COG2PPS COG3PPS COG3PPS COG4PPS
Note 1: PIC16(L)F1777/9 only.

2:  PIC16(L)F1778 only.
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REGISTER 27-5: COGxRSIMO0: COG RISING EVENT SOURCE INPUT MODE 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

RSIM7 RSIM6 RSIM5 RSIM4 RSIM3 RSIM2 RSIM1 RSIMO
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 g = Value depends on condition
bit 7-0 RSIM[7:0]: Rising Event Input Source [n] Mode bits(!). See Table 27-5.

RIS[n] = 1:

1 = Source [n] output low-to-high transition will cause a rising event after rising event phase delay
0 = Source [n] output high level will cause an immediate rising event

RIS[n] = 0:

Source [n] output has no effect on rising event

Note 1: Any combination of [n] bits can be selected.

REGISTER 27-6: COGxRSIM1: COG RISING EVENT SOURCE INPUT MODE 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
RSIM15 RSIM14 RSIM13 RSIM12 RSIM11 RSIM10 RSIM9 RSIM8
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 g = Value depends on condition
bit 15-8 RSIM[15:8]: Rising Event Input Source [n] Mode bits{!). See Table 27-5.
RIS[n] = 1:

1 = Source [n] output low-to-high transition will cause a rising event after rising event phase delay
0 = Source [n] output high level will cause an immediate rising event

RIS[n] = 0:

Source [n] output has no effect on rising event

Note 1: Any combination of [n] bits can be selected.
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REGISTER 27-7: COGxFIS0: COG FALLING EVENT INPUT SELECTION 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
FIS7 FIS6 FIS5 FIS4 FIS3 F1S2 FIS1 FISO

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 q = Value depends on condition
bit 7-0 FIS[7:0]: Falling Event Input Source [n] Enable bits{!). See Table 27-5.

1 = Source [n] output is enabled as a falling event input
0 = Source [n] output has no effect on the falling event

Note 1: Any combination of [n] bits can be selected.

REGISTER 27-8: COGxFIS1: COG FALLING EVENT INPUT SELECTION 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
FIS15 FIS14 FIS13 FIS12 FIS11 FIS10 FIS9 FIS8

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 g = Value depends on condition
bit 15-8 FIS[15:8]: Falling Event Input Source [n] Enable bits{!). See Table 27-5.

1 = Source [n] output is enabled as a falling event input
0 = Source [n] output has no effect on the falling event

Note 1: Any combination of [n] bits can be selected.
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REGISTER 27-9: COGxFSIMO0: COG FALLING EVENT SOURCE INPUT MODE 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
FSIM7 FSIM6 FSIM5 FSIM4 FSIM3 FSIM2 FSIM1 FSIMO
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 g = Value depends on condition
bit 7-0 FSIM[7:0]: Falling Event Input Source [n] Mode bits!). See Table 27-5.
FIS[n] = 1:

1 = Source [n] output high-to-low transition will cause a falling event after falling event phase delay
0 = Source [n] output low level will cause an immediate falling event

FIS[n] = 0:

Source [n] output has no effect on falling event

Note 1: Any combination of [n] bits can be selected.

REGISTER 27-10: COGxFSIM1: COG FALLING EVENT SOURCE INPUT MODE 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
FSIM15 FSIM14 FSIM13 FSIM12 FSIM11 FSIM10 FSIM9 FSIM8
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 q = Value depends on condition
bit 15-8 FSIM[15:8]: Falling Event Input Source [n] Mode bits(!). See Table 27-5.
FIS[n] =1:

1 = Source [n] output high-to-low transition will cause a falling event after falling event phase delay
0 = Source [n] output low level will cause an immediate falling event

FIS[n] = 0:

Source [n] output has no effect on falling event

Note 1: Any combination of [n] bits can be selected.
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REGISTER 27-11: COGxASDO0: COG AUTO-SHUTDOWN CONTROL REGISTER 0

R/W-0/0 R/W-0/0 R/W-0/0 R/W-1/1 R/W-0/0 R/W-1/1 u-0 uU-0
ASE ARSEN ASDBDI[1:0] \ ASDACI[1:0] | — —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared q = Value depends on condition
bit 7 ASE: Auto-Shutdown Event Status bit

1 = COG is in the shutdown state
0 = COG is either not in the shutdown state or will exit the shutdown state on the next rising event

bit 6 ARSEN: Auto-Restart Enable bit
1 = Auto-restart is enabled
0 = Auto-restart is disabled
bit 5-4 ASDBD[1:0]: COGxB and COGxD Auto-shutdown Override Level Select bits
11 = Alogic ‘1’is placed on COGxB and COGxD when shutdown is active
10 = Alogic ‘0’ is placed on COGxB and COGxD when shutdown is active
01 = COGxB and COGxD are tri-stated when shutdown is active
00 = The inactive state of the pin, including polarity, is placed on COGxB and COGxD when shutdown
is active
bit 3-2 ASDAC[1:0]: COGxA and COGxC Auto-shutdown Override Level Select bits
11 = Alogic ‘1’ is placed on COGxA and COGxC when shutdown is active
10 = Alogic ‘0’ is placed on COGxA and COGxC when shutdown is active
01 = COGxA and COGxC are tri-stated when shutdown is active
00 = The inactive state of the pin, including polarity, is placed on COGxA and COGxC when shutdown
is active

bit 1-0 Unimplemented: Read as ‘0’
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REGISTER 27-12: COGxASD1: COG AUTO-SHUTDOWN CONTROL REGISTER 1

u = Bit is unchanged

x = Bit is unknown

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
AS7E AS6E AS5E AS4E AS3E AS2E AS1E ASOE
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’ = Bit is set ‘0’ = Bitis cleared q = Value depends on condition
bit 7-0 ASJ[7:0]E: Auto-shutdown Source [n] Enable bits("). See Table 27-6.
1 = COGx is shutdown when source [n] output is low
0 = Source [n] has no effect on shutdown
Note 1: Any combination of [n] bits can be selected.
TABLE 27-6: AUTO-SHUTDOWN SOURCES
Bit [n] COG1 CO0G2 coG3®@ coG3® coG4®@
7 TMR4_postscaIed(1) TMR4_postscaIed(1) TMR8_postscaIed(1) TMR8_postscaIed(1) TMRB_postscaIed“)
6 TMR2_postscaIed(1) TMR2_postscaIed(1) TMR6_postscaIed(1) TMR6_postscaIed(1) TMR6_postscaIed(1)
5 LC2_out LC2_out LC4_out LC4 out LC4_out
4 sync_CM4_out sync_CM4_out sync_CM8_out sync_CM®6_out sync_CM8_out
3 sync_CM3_out sync_CM3_out sync_CM7_out sync_CM5_out sync_CM7_out
2 sync_CM2_out sync_CM2_out sync_CM6_out sync_CM2_out sync_CM6_out
1 sync_CM1_out sync_CM1_out sync_CM5_out sync_CM1_out sync_CM5_out
0 Pin selected by Pin selected by Pin selected by Pin selected by Pin selected by
COG1PPS COG2PPS COG3PPS COG3PPS COG4PPS
Note 1:  Shutdown when source is high.
2:  PIC16(L)F1777/9 only.
3:  PIC16(L)F1778 only.
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REGISTER 27-13: COGxSTR: COG STEERING CONTROL REGISTER 1()

u = Bit is unchanged
‘1’ = Bit is set

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

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
SDATD SDATC SDATB SDATA STRD STRC ‘ STRB STRA
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
g = Value depends on condition

bit 7 SDATD: COGxD Static Output Data bit
1 = COGXxD static data is high

0 = COGxD static data is low

bit 6 SDATC: COGxC Static Output Data bit
1 = COGXxC static data is high
0 = COGXxC static data is low
bit 5 SDATB: COGxB Static Output Data bit
1 = COGxB static data is high
0 = COGxB static data is low
bit 4 SDATA: COGxA Static Output Data bit
1 = COGXA static data is high
0 = COGXA static data is low
bit 3 STRD: COGxD Steering Control bit
1 = COGXxD output has the COGxD waveform with polarity control from POLD bit
0 = COGXxD output is the static data level determined by the SDATD bit
bit 2 STRC: COGxC Steering Control bit

1 = COGXxC output has the COGxC waveform with polarity control from POLC bit
0 = COGXxC output is the static data level determined by the SDATC bit

bit 1 STRB: COGxB Steering Control bit

1 = COGxB output has the COGxB waveform with polarity control from POLB bit
0 = COGxB output is the static data level determined by the SDATB bit

bit 0 STRA: COGXxA Steering Control bit
1 = COGXA output has the COGxA waveform with polarity control from POLA bit
0 = COGXxA output is the static data level determined by the SDATA bit
Note 1: Steering is active only when the MD[1:0] bits of the COGxCONO register = 00x. (See Register 27-1).
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REGISTER 27-14: COGxDBR: COG RISING EVENT DEAD-BAND COUNT REGISTER

u = Bit is unchanged

U-0 U-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
DBR[5:0]
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bit is set ‘0’ = Bitis cleared q = Value depends on condition
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 DBRI[5:0]: Rising Event Dead-Band Count Value bits

RDBS =1:

= Number of delay chain element periods to delay primary output after rising event

RDBS = 0:

= Number of COGx clock periods to delay primary output after rising event

REGISTER 27-15: COGxDBF: COG FALLING EVENT DEAD-BAND COUNT REGISTER

u = Bit is unchanged

U-0 U-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
DBF[5:0]
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bit is set ‘0’ = Bit is cleared q = Value depends on condition
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 DBF[5:0]: Falling Event Dead-Band Count Value bits

FDBS =1:

= Number of delay chain element periods to delay complementary output after falling event input

FDBS = 0:

= Number of COGx clock periods to delay complementary output after falling event input

© 2015-2020 Microchip Technology Inc.
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REGISTER 27-16: COGxBLKR: COG RISING EVENT BLANKING COUNT REGISTER

uU-0 uU-0 R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
BLKR[5:0]
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bitis cleared q = Value depends on condition
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 BLKR[5:0]: Rising Event Blanking Count Value bits

= Number of COGx clock periods to inhibit falling event inputs

REGISTER 27-17: COGxBLKF: COG FALLING EVENT BLANKING COUNT REGISTER

uU-0 uU-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
BLKF[5:0]
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 q = Value depends on condition
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 BLKF[5:0]: Falling Event Blanking Count Value bits

= Number of COGx clock periods to inhibit rising event inputs
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REGISTER 27-18: COGxPHR: COG RISING EVENT PHASE DELAY COUNT REGISTER

uU-0 uU-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
— — PHR[5:0]
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bitis cleared q = Value depends on condition
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 PHR[5:0]: Rising Event Phase Delay Count Value bits

= Number of COGx clock periods to delay rising event

REGISTER 27-19: COGxPHF: COG FALLING EVENT PHASE DELAY COUNT REGISTER

U-0 uU-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
_ — PHF[5:0]
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bitis cleared q = Value depends on condition
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 PHF[5:0]: Falling Event Phase Delay Count Value bits

= Number of COGx clock periods to delay falling event
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TABLE 27-7: SUMMARY OF REGISTERS ASSOCIATED WITH COGx(")

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 5:9;:‘;9;
ANSELA — — ANSA5 | ANSA4 | ANSA3 | ANSA2 | ANSAT ANSAOQ 178
ANSELB — — ANSB5 | ANSB4 | ANSB3 | ANSB2 | ANSBf ANSBO 183
ANSELC ANSC7 | ANSC6 | ANSC5 | ANsC4 | ANSC3 | ANsc2 — — 188
COGXASDO ASE ARSEN ASDBD[1:0] ASDAC[1:0] — — 384
COGXASD1 ASTE ASBE ASSE | AS4E AS3E | As2E AS1E ASOE 385
COGXBLKR — — BLKR[5:0] 388
COGXBLKF — — BLKF[5:0] 388
COGXCONO EN LD — CS[1:0] MD[2:0] 378
COGXCON1 RDBS FDBS — — | powb poLc | PoB | POLA 379
COGXDBR — — DBR(5:0] 387
COGXDBF — — DBF[5:0] 387
COGXFISO FIS7 FIS6 FIS5 FIS4 FIS3 FIS2 FIS1 FISO 382
COGxFIS1 FIS15 FIS14 FIS13 FIS12 FIS11 FIS10 FIS9 FIS8 382
COGXFSIMO FSIM7 FSIM6 FSIM5 FSIM4 FSIM3 FSIM2 FSIM1 FSIMO 383
COGxXFSIM1 FSIM15 | FSIM14 | FSIM13 | FSIM12 | FSIM11 | FSIM10 FSIM9 FSIM8 383
COGXPHR — — PHR[5:0] 389
COGXPHF — — PHF[5:0] 389
COGXPPS — — COG1PPS[5:0] 206, 208
COGXRISO RIS7 RIS6 RIS5 RIS4 RIS3 RIS2 RIS1 RISO 380
COGxRIS1 RIS15 RIS14 RIS13 RIS12 RIS11 RIS10 RIS9 RIS8 380
COGXRSIMO RSIM7 RSIM6 RSIM5 RSIM4 RSIM3 RSIM2 RSIM1 RSIMO 381
COGxRSIM1 | RSIM15 | RSIM14 | RSIM13 | RSIM12 | RSIM11 | RSIMI0 | RSIM9 RSIM8 381
COGXSTR SDATD | SDATC | SDATB | SDATA STRD STRC STRB STRA 386
INTCON GIE PEIE TMROIE INTE IOCIE | TMROIF INTF IOCIF 133
RxyPPS — — RxyPPS[5:0] 206
Legend: x =unknown, u = unchanged, — = unimplemented locations read as ‘0’. Shaded cells are not used by COG.

Note 1: COG4 is available on PIC16(L)F1777/9 only.
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28.0 CONFIGURABLE LOGIC CELL Refer to Figure 28-1 for a simplified diagram showing
(C LC) signal flow through the CLCx.

Possible configurations include:
The Configurable Logic Cell (CLCx) provides program-

mable logic that operates outside the speed limitations * Combinatorial Logic

of software execution. The logic cell takes up to 32 - AND

input signals and, through the use of configurable - NAND

gates, reduces the 32 inputs to four logic lines that drive - AND-OR

one of eight selectable single-output logic functions. - AND-OR-INVERT

Input sources are a combination of the following: - OR-XOR

* 1/O pins - OR-XNOR

* Internal clocks + Latches

* Peripherals - SR

* Register bits - Clocked D with Set and Reset
The output can be directed internally to peripherals and - Transparent D with Set and Reset

Clocked J-K with Reset

to an output pin.

FIGURE 28-1: CLCx SIMPLIFIED BLOCK DIAGRAM
LCxOUT
°a MLCxOUT
Q1—p
LCx_in[0}—
LCx_in[1]— LCx out .
LCx in[2—]_ P to Peripherals
— :$
— & EN
o CLCXPPS
c |_ |
892 Logic
See — %8 o q
Table 28-1. — 3 g3 Fun((z:)tlon PPS CLCx
—e| @
- 8 POL TRIS
>
]
LCx_in[35]—| = MODE<2:0> Interrupt
LCx_in[36]—] 1 A e [
LCx_in[37]—
o INTP—I_ .
set bit
'NTN—| CLCxIF
Interrupt
] det | |
Note 1: See Figure 28-2: Input Data Selection and Gating.
2: See Figure 28-3: Programmable Logic Functions.
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28.1 CLCx Setup TABLE 28-1: CLCx DATA INPUT SELECTION
Programming the CLCx module is performed by config- Data Input dy CLCx
uring the four stages in the logic signal flow. The four DxS
stages are: LCx_in[35] 100011 | PWM12_out™
« Data selection LCx_in[34] 100010 | PWM11_out
« Data gating LCx_in[33] 100001 | PWMS6_out
« Logic function selection LCx_in[32] 100000 | PWMS5_out
- Output polarity LCx_in[31] 011111 |PWM10_out"
Each stage is setup at run time by writing to the corre- ::gi‘::ggi Zii;j Eamj‘z::
sponding CLCx Special Function Registers. This has LCx_in[28] 11100 PWMB_out
the added advantage of permitting logic reconfiguration = =
on-the-fly during program execution. LCx.inl27] | 011011 |CCP8 out!
LCx_in[26] 011010 | CCP7_out
28.1.1 DATA SELECTION LCx_in[25] 011001 | CCP2 out
There are 32 signals available as inputs to the configu- LCx inf24] | 011000 | CCP1 out
rable logic. Four 32-input multiplexers are used to LCx_in[23] 010111 | cOG4B"
select the inputs to pass on to the next stage. LCx_in[22] 010110 | COG4A™
Data selection is through four multiplexers as indicated LOx_ini21] 010101 | COG3B
on the left side of Figure 28-2. Data inputs in the figure LCx inf20] | 010100 | COG3A
are identified by a generic numbered input name. LCx_in[19] | 010011 |COG2B
Table 28-1 correlates the generic input name to the tgi‘::gji Zigg;j zggfg
actual signal for each CLC module. The column labeled =
dy indicates the MUX selection code for the selected LCx in[16] 010000 | COGIA
data input. DxS is an abbreviation for the MUX select LCx_in[15] 001111 | sync_C8OUT
input codes: D1S[4:0] through D4S[4:0]. LOx_in[14] | 001110 | sync C7OUT®
Data inputs are selected with the CLCxSELO through LOx in{13] 001101 | sync_C6OUT
CLCXSEL3  registers  (Register 28-3  through LCx in[12] 001100 | sync CSOUT
Register 28-6) LCx_in[11] 001011 |sync_C40UT
LCx_in[10] 001010 |sync_C30UT
Note: Data selections are undefined at power-up. I LCx_in9] 001001 | sync_C20UT
LCx_in[8] 001000 |sync_C10UT
TABLE 28-1: CLCx DATA INPUT SELECTION LCx_in[7] 000111 |LCA4 outfrom the CLCA
LCx_in[6] 000110 |LC3_outfrom the CLC3
Data Input [;’:S CLCx LCx_in[5] 000101 |LC2_out from the CLC2
LCx_in[4] 000100 |LC1_outfrom the CLC1
LCx_in[54] 110110 | MD1_ouT ok MD2_ouT ok MD3_out LCx_in[3] 000011 | CLCIN3 pin input selected in CLCIN3PPS
LCx_in[53] 110101 |FOSC register
LCx_in[52] 110100 | HFINTOSC LCx_in[2] 000010 | CLCINZ2 pin input selected in CLCIN2PPS
Loxin51] | 110011 |LFINTOSC : registor__ :
LCx_in[50] 110010 | FRC (ADC RC dlock) LCx_in[1] 000001 S;;?;It,:: pin input selected in CLCIN1PPS
LCx_in[49] 110001 | IOCIF set LCx_in[0] 000000 | CLCINO pin input selected in CLCINOPPS
LCx_in[48] 110000 | Timer8_postscaled register
LCx_in[47] 101111 | Timer6_postscaled Note 1: PIC16(L)F1777/9 only.
LCx_in[46] 101110 | Timer4_postscaled
LCx_in[45] 101101 | Timer2_postscaled
LCx_in[44] 101100 | Timer5 overflow
LCx_in[43] 101011 | Timer3 overflow
LCx_in[42] 101010 | Timer1 overflow
LCx_in[41] 101001 | TimerO overflow

LCx_in[40] 101000 | EUSARTRX
LCx_in[39] 100111 | EUSART TX
LCx_in[38] 100110 |ZCD1_output
LCx_in[37] 100101 [ MSSP1 SDO/SDA
LCx_in[36] 100100 | MSSP1 SCL/SCK
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28.1.2 DATA GATING

Outputs from the input multiplexers are directed to the
desired logic function input through the data gating
stage. Each data gate can direct any combination of the
four selected inputs.

Note: Data gating is undefined at power-up. I

The gate stage is more than just signal direction. The
gate can be configured to direct each input signal as
inverted or non-inverted data. Directed signals are
ANDed together in each gate. The output of each gate
can be inverted before going on to the logic function
stage.

The gating is in essence a 1-to-4 input
AND/NAND/OR/NOR gate. When every input is
inverted and the output is inverted, the gate is an OR of
all enabled data inputs. When the inputs and output are
not inverted, the gate is an AND or all enabled inputs.

Table 28-2 summarizes the basic logic that can be
obtained in gate 1 by using the gate logic select bits.
The table shows the logic of four input variables, but
each gate can be configured to use less than four. If
no inputs are selected, the output will be zero or one,
depending on the gate output polarity bit.

TABLE 28-2: DATA GATING LOGIC

CLCxGLSO0 G1POL Gate Logic
0x55 1 AND
0x55 0 NAND
OxAA 1 NOR
OxAA 0 OR
0x00 0 Logic 0
0x00 1 Logic 1

It is possible (but not recommended) to select both the
true and negated values of an input. When this is done,
the gate output is zero, regardless of the other inputs,
but may emit logic glitches (transient-induced pulses).
If the output of the channel must be zero or one, the
recommended method is to set all gate bits to zero and
use the gate polarity bit to set the desired level.

Data gating is configured with the logic gate select
registers as follows:

* Gate 1: CLCxGLSO (Register 28-7)

» Gate 2: CLCxGLS1 (Register 28-8)

* Gate 3: CLCxGLS2 (Register 28-9)

* Gate 4: CLCxGLS3 (Register 28-10)

Register number suffixes are different than the gate

numbers because other variations of this module have
multiple gate selections in the same register.

Data gating is indicated in the right side of Figure 28-2.
Only one gate is shown in detail. The remaining three
gates are configured identically with the exception that
the data enables correspond to the enables for that
gate.

28.1.3 LOGIC FUNCTION

There are eight available logic functions including:

* AND-OR

* OR-XOR

* AND

* S-RLatch

* D Flip-Flop with Set and Reset

* D Flip-Flop with Reset

* J-K Flip-Flop with Reset

» Transparent Latch with Set and Reset

Logic functions are shown in Figure 28-3. Each logic
function has four inputs and one output. The four inputs
are the four data gate outputs of the previous stage.
The output is fed to the inversion stage and from there

to other peripherals, an output pin, and back to the
CLCx itself.

28.1.4 OUTPUT POLARITY

The last stage in the Configurable Logic Cell is the
output polarity. Setting the POL bit of the CLCxCON
register inverts the output signal from the logic stage.
Changing the polarity while the interrupts are enabled
will cause an interrupt for the resulting output transition.
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28.1.5 CLCx SETUP STEPS

The following steps should be followed when setting up
the CLCx:

» Disable CLCx by clearing the EN bit.

» Select desired inputs using CLCxSELO through
CLCxSELS3 registers (See Table 28-1).

+ Clear any associated ANSEL bits.

» Set all TRIS bits associated with inputs.

+ Clear all TRIS bits associated with outputs.

» Enable the chosen inputs through the four gates
using CLCxGLSO0, CLCxGLS1, CLCxGLS2, and
CLCxGLS3 registers.

+ Select the gate output polarities with the POLy
bits of the CLCxPOL register.

+ Select the desired logic function with the
MODE[2:0] bits of the CLCxCON register.

+ Select the desired polarity of the logic output with
the POL bit of the CLCxPOL register. (This step
may be combined with the previous gate output
polarity step).

« If driving a device pin, set the desired pin PPS
control register and also clear the TRIS bit
corresponding to that output.

« If interrupts are desired, configure the following
bits:

- Set the INTP bit in the CLCxCON register for
rising event.

- Set the INTN bit in the CLCxCON register for
falling event.

- Set the CLCxIE bit of the associated PIE
registers.

- Set the GIE and PEIE bits of the INTCON
register.

» Enable the CLCx by setting the EN bit of the
CLCxCON register.

28.2 CLCx Interrupts

An interrupt will be generated upon a change in the
output value of the CLCx when the appropriate interrupt
enables are set. A rising edge detector and a falling
edge detector are present in each CLC for this purpose.

The CLCxIF bit of the associated PIR registers will be
set when either edge detector is triggered and its asso-
ciated enable bit is set. The INTP enables rising edge
interrupts and the INTN bit enables falling edge inter-
rupts. Both are located in the CLCxCON register.

To fully enable the interrupt, set the following bits:

* EN bit of the CLCxCON register
* CLCxIE bit of the associated PIE registers

* INTP bit of the CLCxCON register (for a rising
edge detection)

* INTN bit of the CLCxCON register (for a falling
edge detection)

* PEIE and GIE bits of the INTCON register

The CLCxIF bit of the associated PIR registers, 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.

28.3 Output Mirror Copies

Mirror copies of all LCxCON output bits are contained
in the CLCxDATA register. Reading this register reads
the outputs of all CLCs simultaneously. This prevents
any reading skew introduced by testing or reading the
CLCxOUT bits in the individual CLCxCON registers.

28.4 Effects of a Reset

The CLCxCON register is cleared to zero as the result
of a Reset. All other selection and gating values remain
unchanged.

28.5 Operation During Sleep

The CLC module operates independently from the
system clock and will continue to run during Sleep,
provided that the input sources selected remain active.

The HFINTOSC remains active during Sleep when the
CLC module is enabled and the HFINTOSC is
selected as an input source, regardless of the system
clock source selected.

In other words, if the HFINTOSC is simultaneously
selected as the system clock and as a CLC input
source, when the CLC is enabled, the CPU will go idle
during Sleep, but the CLC will continue to operate and
the HFINTOSC will remain active.

This will have a direct effect on the Sleep mode current.
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FIGURE 28-2: INPUT DATA SELECTION AND GATING
r— - - - - - - - - — — al
| Data Selection |
| LCx_in[0]— |
| |l Data GATE 1
@ |
| See Table 28-1. ® a17 i DIGIT |
| ° |
| diN_, D1G1N
| LCx_in[37]—— |
| /4 D1S[40] | D2GIT |
| |
| | D2G1N Dm
| LCx_in[0]—— |
D3G1T
| o | G1POL
:See Table 28-1. d2T : D3G1N
o ﬁ‘Do ]
D4G1T
I LCx_in[37]—— |
: /4 D2S[4:0] : D4GIN
| |
LCx_in[0]——
: (ol :".. Data GATE 2
0 at ! [|]Te o
|See Table 28-1. * I . (Same as Data GATE 1)
| | @ Data GATE 3
LCx_in[37]——
| / | -g3
. [ 2
: D3s:0] : o (Same as Data GATE 1)
I Lex_infoj— M Data GATE 4
| |
—g4
e | ?
| See Table 28-1. _ daT | :— (Same as Data GATE 1)
| o LDC d4N | Y
| |
| LCx_in[37]— |
| /4 D4S[4:0] |
L |
Note:  All controls are undefined at power-up.
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FIGURE 28-3: PROGRAMMABLE LOGIC FUNCTIONS
AND - OR OR - XOR
g1 — g1
g2 — g2
q q
g3 — g3
MODE[2:0]= 000 MODE[2:0]= 001
4-Input AND S-R Latch
g1 —— g1
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g2 — g2
—q
g3 —j g3
R
g4 — g4
MODE[2:0]= 010 MODE[2:0]= 011
1-Input D Flip-Flop with S and R 2-Input D Flip-Flop with R
g4 —‘
S 94 -
92 ——D  Q—q g2 D Qr—a
_ gl1l—>
g1 R R
o — | R
MODE[2:0]= 100 MODE[2:0]= 101
J-K Flip-Flop with R 1-Input Transparent Latch with S and R
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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 LCA1
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