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MICROCHIP

PIC16F913/914/916/917/946

28/40/44/64-Pin Flash-Based, 8-Bit CMOS Microcontrollers with
LCD Driver and nanoWatt Technology

High-Performance RISC CPU:

* Only 35 instructions to learn:

- All single-cycle instructions except branches
» Operating speed:

- DC - 20 MHz oscillator/clock input

- DC - 200 ns instruction cycle
* Program Memory Read (PMR) capability
 Interrupt capability
» 8-level deep hardware stack
 Direct, Indirect and Relative Addressing modes

Special Microcontroller Features:

* Precision Internal Oscillator:
- Factory calibrated to +1%, typical
- Software selectable frequency range of
8 MHz to 125 kHz
- Software tunable
- Two-Speed Start-up mode
- External Oscillator fail detect for critical
applications
- Clock mode switching during operation for
power savings
» Software selectable 31 kHz internal oscillator
* Power-Saving Sleep mode
» Wide operating voltage range (2.0V-5.5V)
* Industrial and Extended temperature range
* Power-on Reset (POR)
* Power-up Timer (PWRT) and Oscillator Start-up
Timer (OST)
» Brown-out Reset (BOR) with software control
option
* Enhanced Low-Current Watchdog Timer (WDT)
with on-chip oscillator (software selectable
nominal 268 seconds with full prescaler) with
software enable
» Multiplexed Master Clear with pull-up/input pin
* Programmable code protection
+ High-Endurance Flash/EEPROM cell:
- 100,000 write Flash endurance
- 1,000,000 write EEPROM endurance
- Flash/Data EEPROM retention: > 40 years

Low-Power Features:

« Standby Current:
- <100 nA @ 2.0V, typical
* Operating Current:
- 11 uA @ 32 kHz, 2.0V, typical
- 220 yA @ 4 MHz, 2.0V, typical
» Watchdog Timer Current:
- 1uA @ 2.0V, typical

Peripheral Features:

« Liquid Crystal Display module:

- Up to 60/96/168 pixel drive capability on
28/40/64-pin devices, respectively

- Four commons

» Up to 24/35/53 I/0O pins and 1 input-only pin:

- High-current source/sink for direct LED drive

- Interrupt-on-change pin

- Individually programmable weak pull-ups

* In-Circuit Serial Programming™ (ICSP™) via two
pins
* Analog comparator module with:

- Two analog comparators

- Programmable on-chip voltage reference
(CVREF) module (% of VDD)

- Comparator inputs and outputs externally
accessible

« A/D Converter:
- 10-bit resolution and up to 8 channels
« TimerOQ: 8-bit timer/counter with 8-bit
programmable prescaler
* Enhanced Timer1:

- 16-bit timer/counter with prescaler

- External Timer1 Gate (count enable)

- Option to use OSC1 and OSC2 as Timer1
oscillator if INTOSCIO or LP mode is
selected

» Timer2: 8-bit timer/counter with 8-bit period
register, prescaler and postscaler

» Addressable Universal Synchronous
Asynchronous Receiver Transmitter (AUSART)

* Up to 2 Capture, Compare, PWM modules:

- 16-bit Capture, max. resolution 12.5 ns

- 16-bit Compare, max. resolution 200 ns

- 10-bit PWM, max. frequency 20 kHz

+ Synchronous Serial Port (SSP) with 12C™

© 2007 Microchip Technology Inc.
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PIC16F913/914/916/917/946

Program Data Memory
. Memory 10-bit A/D LCD Timers
Device 1/0 h (segment CCP 8/16-bit
Flash SRAM | EEPROM (ch) drivers) bl
(words/bytes) (bytes) (bytes)
PIC16F913 4K/TK 256 256 24 5 16(M 1 2/1
PIC16F914 4K/TK 256 256 35 8 24 2 2/1
PIC16F916 8K/14K 352 256 24 5 16" 1 2/1
PIC16F917 8K/14K 352 256 35 8 24 2 2/1
PIC16F946 8K/14K 336 256 53 8 42 2 2/1
Note 1: COMS3 and SEG15 share the same physical pin on the PIC16F913/916, therefore SEG15 is not available

when using 1/4 multiplex

Pin Diagrams — PIC16F914/9

displays.

17, 40-Pin

40-pin PDIP

RE3/MCLR/VPP
RAO/ANO/C1-/SEG12
RA1/AN1/C2-/ISEG7
RA2/AN2/C2+/VREF-/COM2
RA3/AN3/C1+/VREF+/SEG15
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REO/AN5/SEG21
RE1/AN6/SEG22
RE2/AN7/SEG23

VDD

Vss
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RB7/ICSPDAT/ICDDAT/SEG13
RB6/ICSPCLK/ICDCK/SEG14
RB5/COM1

RB4/COMO0

RB3/SEG3

RB2/SEG2

RB1/SEG1

RBO/INT/SEGO

VDD

Vss

RD7/SEG20

RD6/SEG19

RD5/SEG18

RD4/SEG17
RC7/RX/DT/SDI/SDA/SEG8
RC6/TX/CK/SCK/SCL/SEG9
RC5/T1CKI/CCP1/SEG10
RC4/T1G/SDO/SEG11
RD3/SEG16

RD2/CCP2
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PIC16F913/914/916/917/946

TABLE 1: PIC16F914/917 40-PIN SUMMARY

[e} Pin A/ID LCD Comparators | Timers CCP AUSART SSP Interrupt | Pull-Up Basic
RAO 2 ANO SEG12 C1- — — — — = — —
RA1 3 AN1 SEG7 C2- — — — — — — —
RA2 4 | AN2/VREF- | COM2 C2+ = = - - — — —
RA3 5 |AN3/VRer+| SEG15 C1+ — — — — — _ _
RA4 6 SEG4 C10UT TOCKI — — — = — _
RA5 | 7 AN4 SEG5 C20UT — — — Ss — — —
RA6 | 14 — — — T10SO — — — — — OSC2/CLKOUT
RA7 | 13 — — — T10SI — — — — — OSC1/CLKIN
RBO | 33 — SEGO — — — — — INT Y —
RB1 34 — SEG1 — — — — — — Y _
RB2 | 35 — SEG2 — — — — = — Y _
RB3 | 36 — SEG3 — — — — — — Y _
RB4 | 37 — COMO — — — — = [e]e} Y —
RB5 | 38 — COM1 — — — — — 10C Y —
RB6 | 39 — SEG14 — — — — — 10C Y ICSPCLK/ICDCK
RB7 | 40 — SEG13 — — — — — 10C Y ICSPDAT/ICDDAT
RCO | 15 — VLCD1 — — — — = — _ _
RC1 16 — VLCD2 — — — — — _ _ _
RC2 | 17 — VLCD3 — — — — = — _ _
RC3 | 18 — SEG6 — — — — — _ _ _
RC4 | 23 = SEG11 = TG = = SDO = _ _
RC5 | 24 — SEG10 — T1CKI CCP1 — — — — —
RC6 | 25 — SEG9 — — — TX/CK SCK/SCL — — —
RC7 | 26 — SEG8 — — — RX/DT SDI/SDA — — —
RDO | 19 — COM3 — — — — = — _ _
RD1 | 20 — — — — — — — — _ _
RD2 | 21 — — — — CCP2 — — — — —
RD3 | 22 — SEG16 — — — — — _ _ _
RD4 | 27 — SEG17 — — — — = — _ _
RD5 | 28 — SEG18 — — — — — _ _ _
RD6 | 29 — SEG19 — — — — = — _ _
RD7 | 30 — SEG20 — — — — — _ _ _
REO 8 AN5 SEG21 — — — — = — _ _
RE1 9 AN6 SEG22 — — — — — _ _ _
RE2 | 10 AN7 SEG23 — — — — = — _ _
RE3 | 1 — — — — — — — — Yy MCLR/VPP
_ 11 — — — - = — — — — VDD

_ 32 — — — — — — — — — VDD

_ 42) — — — - = — — — — Vss

— 31 _ _ _ _ _ — — — — Vss

Note 1:  Pull-up enabled only with external MCLR configuration.

© 2007 Microchip Technology Inc.
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PIC16F913/914/916/917/946

Pin Diagrams — PIC16F913/916, 28-Pin

28-pin PDIP, SOIC, SSOP
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PIC16F913/914/916/917/946

TABLE 2: PIC16F913/916 28-PIN (PDIP, SOIC, SSOP) SUMMARY
1o Pin A/ID LCD Comparators | Timers CCP AUSART SSP Interrupt | Pull-Up Basic
RAO 2 ANO SEG12 C1- — — — — — — —
RA1 3 AN1 SEG7 C2- — — — — — — —
RA2 4 | AN2/VREF- | COM2 C2+ — — — — — — —
RA3 5 |AN3/VRer+| SEG15/ C1+ — — — — — — —
COM3
RA4 6 — SEG4 C10UT TOCKI — — — — — —
RA5 — SEG5 C20UT — — — SS — — —
RA6 10 — — — T10SO — — — — — 0OSC2/CLKOUT
RA7 — — — T108I — — — — — OSC1/CLKIN
RBO | 21 — SEGO — — — — — INT Y —
RB1 22 — SEG1 — — — — — — Y —
RB2 | 23 — SEG2 — — — — — — Y —
RB3 | 24 — SEG3 — — — — — — Y —
RB4 | 25 — COMO — — — — — 10C Y —
RB5 | 26 — COM1 — — — — — 10C Y —
RB6 | 27 — SEG14 — — — — — 10C Y ICSPCLK/ICDCK
RB7 | 28 — SEG13 — — — — — 10C Y ICSPDAT/ICDDAT
RCO 11 — VLCD1 — — — — — — — —
RC1 12 — VLCD2 — — — — — — — —
RC2 | 13 — VLCD3 — — — — — — — —
RC3 | 14 — SEG6 — — — — — — — —
RC4 | 15 — SEG11 — T1G — — SDO — — —
RC5 | 16 — SEG10 — T1CKI CCP1 — — — — —
RC6 | 17 — SEG9 — — — TX/CK SCK/SCL — — —
RC7 | 18 — SEG8 — — — RX/DT SDI/SDA — — —
RE3 | 1 — — — — — — — — yM MCLR/VPP
— 20 — — — — — — — — — VDD
— 8 — — — — — — — — — Vss
— 19 — — — — — — — — — Vss
Note 1:  Pull-up enabled only with external MCLR configuration.

© 2007 Microchip Technology Inc.
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PIC16F913/914/916/917/946

TABLE 3: PIC16F913/916 28-PIN (QFN) SUMMARY
1o Pin A/ID LCD Comparators | Timers CCP AUSART SSP Interrupt | Pull-Up Basic
RAO | 27 ANO SEG12 C1- — — — — — — —
RA1 28 AN1 SEG7 C2- — — — — — — —
RA2 1 [AN2/VREF-| COM2 C2+ — — — — — — —
RA3 2 |AN3/VREF+| SEG15/ C1+ — — — — —_ — —
COM3
RA4 3 — SEG4 C10UT TOCKI — — — — —
RA5 | 4 AN4 SEG5 c20UT — — — Ss — — —
RA6 7 — — — T10SO — — — — — OSC2/CLKOUT
RA7 6 — — — T108I — — — — — OSC1/CLKIN
RBO 18 — SEGO — — — — — INT Y —
RB1 19 — SEG1 — — — — — — Y —
RB2 | 20 — SEG2 — — — — — — Y —
RB3 | 21 — SEG3 — — — — — — Y —
RB4 | 22 — COMo — — — — — 10C Y —
RB5 | 23 — COM1 — — — — — 10C Y —
RB6 | 24 — SEG14 — — — — — 10C Y ICSPCLK/ICDCK
RB7 | 25 — SEG13 — — — — — 10C Y ICSPDAT/ICDDAT
RCO 8 — VLCD1 — — — — — — — —
RC1 9 — VLCD2 — — — — — — — —
RC2 | 10 — VLCD3 — — — — — — — —
RC3 1 — SEG6 — — — — — — — —
RC4 | 12 — SEG11 — T1G — — SDO — — —
RC5 | 13 — SEG10 — T1CKI CCP1 — — — — —
RC6 | 14 — SEG9 — — — TX/CK SCK/SCL — — —
RC7 | 15 — SEG8 — — — RX/DT SDI/SDA — — —
RE3 | 26 — — — — — — — — Yy MCLR/VPP
— 17 — — — — — — — — — VDD
— 5) — — — — — — — — — Vss
— 16 — — — — — — — — — Vss
Note 1:  Pull-up enabled only with external MCLR configuration.
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PIC16F913/914/916/917/946

Pin Diagrams — PIC16F914/917, 44-Pin

44-pin TQFP
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PIC16F913/914/916/917/946

TABLE 4: PIC16F914/917 44-PIN (TQFP) SUMMARY

1o Pin A/ID LCD Comparators | Timers CCP AUSART SSP Interrupt | Pull-Up Basic
RAO | 19 ANO SEG12 C1- — — — — — — —
RA1 20 AN1 SEG7 C2- — — — — — — —
RA2 | 21 | AN2/VRer-| COM2 C2+ — = = = — — —
RA3 | 22 |AN3/VREF+| SEG15 C1+ — — — — — — —
RA4 | 23 — SEG4 C10UT TOCKI — — — = — —
RA5 | 24 AN4 SEG5 C20uUT — — — Ss — — —
RA6 | 31 — — — T10SO — — — — — OSC2/CLKOUT
RA7 | 30 — — — T108I — — — — — OSC1/CLKIN
RBO 8 — SEGO — — — — = INT Y —
RB1 9 — SEG1 — — — — — — Y —
RB2 | 10 — SEG2 — — — = = — Y —
RB3 1 — SEG3 — — — — — — Y —
RB4 | 14 — COMo — — — — — 10C Y —
RB5 | 15 — COM1 — — — — — 10C Y —
RB6 | 16 — SEG14 — — — — — 10C Y ICSPCLK/ICDCK
RB7 | 17 — SEG13 — — — — — 10C Y ICSPDAT/ICDDAT
RCO | 32 — VLCD1 — — — = = — — —
RC1 35 — VLCD2 — — — — — — — —
RC2 | 36 — VLCD3 — — — = = — — —
RC3 | 37 — SEG6 — — — — — — — —
RC4 | 42 = SEG11 = T1G = = SDO = — =
RC5 | 43 — SEG10 — T1CKI CCP1 — — — — —
RC6 | 44 — SEG9 — — — TX/CK SCK/SCL — — —
RC7 1 — SEG8 — — — RX/DT SDI/SDA — — —
RDO | 38 — COM3 — — — = = — — —
RD1 39 — — — — — — — —_ — —
RD2 | 40 — — — — CCP2 — — = — —
RD3 | 41 — SEG16 — — — — — — — —
RD4 2 — SEG17 — — — = = — — —
RD5 3 — SEG18 — — — — — — — —
RD6 4 — SEG19 — — — = = — — —
RD7 — SEG20 — — — — — — — —
REO | 25 AN5 SEG21 — — — = = — — —
RE1 26 ANG6 SEG22 — — — — — — — —
RE2 | 27 AN7 SEG23 — — — = = — — —
RE3 | 18 — — — — — — — — L MCLR/VPP
_ 7 — — — = = — — — — VDD

_ 28 — — — — — — — — — VDD

_ 6 — — — = = — — — — Vss

_ 29 — — — — — — — — — Vss

_ 12 _ _ — — — — — — — NC

_ 13 _ — — — — — — — — NC

_ 33 _ _ — — — — — — — NC

— 34 — — — — — — — — — NC

Note 1:  Pull-up enabled only with external MCLR configuration.
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PIC16F913/914/916/917/946

TABLE 5: PIC16F914/917 44-PIN (QFN) SUMMARY

1o Pin A/ID LCD Comparators | Timers CCP AUSART SSP Interrupt | Pull-Up Basic
RAO | 19 ANO SEG12 C1- — — — — — — —
RA1 20 AN1 SEG7 C2- — — — — — — —
RA2 | 21 | AN2/VRer-| COM2 C2+ — = = = — — —
RA3 | 22 |AN3/VREF+| SEG15 C1+ — — — — — — —
RA4 | 23 — SEG4 C10UT TOCKI — — — = — —
RA5 | 24 AN4 SEG5 C20uUT — — — sSS — — _
RA6 | 33 — — — T10SO — — — — — OSC2/CLKOUT
RA7 | 32 — — — T108I — — — — — OSC1/CLKIN
RBO 9 — SEGO — — — — — INT Y —
RB1 10 — SEG1 — — — — — — Y —
RB2 1 — SEG2 — — — = = — Y —
RB3 | 12 — SEG3 — — — — — — Y —
RB4 | 14 — COMo — — — — = 10C Y —
RB5 | 15 — COM1 — — — — — 10C Y —
RB6 | 16 — SEG14 — — — — — 10C Y ICSPCLK/ICDCK
RB7 | 17 — SEG13 — — — — — 10C Y ICSPDAT/ICDDAT
RCO | 34 — VLCD1 — — — = = — — —
RC1 35 — VLCD2 — — — — — — — —
RC2 | 36 — VLCD3 — — — = = — — —
RC3 | 37 — SEG6 — — — — — — — —
RC4 | 42 = SEG11 = T1G = = SDO = — =
RC5 | 43 — SEG10 — T1CKI CCP1 — — — — —
RC6 | 44 — SEG9 — — — TX/CK SCK/SCL — — —
RC7 1 — SEG8 — — — RX/DT SDI/SDA — — —
RDO | 38 — COM3 — — — = = — — —
RD1 39 — — — — — — — —_ — —
RD2 | 40 — — — — CCP2 — — — — —
RD3 | 41 — SEG16 — — — — — — — —
RD4 2 — SEG17 — — — = = — — —
RD5 3 — SEG18 — — — — — — — —
RD6 4 — SEG19 — — — = = — — —
RD7 — SEG20 — — — — — — — —
REO | 25 AN5 SEG21 — — — = = — — —
RE1 26 ANG6 SEG22 — — — — — — — —
RE2 | 27 AN7 SEG23 — — — = = — — —
RE3 | 18 — — — — — — — — Yy MCLR/VPP
_ 7 — — — = = — — — — VDD

_ 8 — — — — — — — — — VDD

_ 28 — — — = = — — — — VDD

_ 6 — — — — — — — — — Vss

_ 30 — — — = = — — — — Vss

_ 13 _ — — — — — — — — NC

_ 29 _ _ — — — — — — — NC

Note 1:  Pull-up enabled only with external MCLR configuration.

© 2007 Microchip Technology Inc.
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Pin Diagram - PIC16F946
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PIC16F913/914/916/917/946

TABLE 6: PIC16F946 64-PIN (TQFP) SUMMARY
I[e} Pin A/ID LCD Comparators | Timers CCP AUSART SSP Interrupt | Pull-Up Basic
RAO | 27 ANO SEG12 C1- — — — — — — —
RA1 | 28 AN1 SEG7 C2- — — — — — — —
RA2 | 29 | AN2/VRer- | COM2 C2+ — — — — — — —
RA3 | 30 | AN3/VRer+ | SEG15 C1+ — — — — — — —
RA4 | 31 — SEG4 Cc10UT TOCKI — — — = — —
RA5 | 32 AN4 — C20UT — — — ss — — —
RA6 | 40 SEG5 — — T10S0O — — — — — OSC2/CLKOUT
RA7 | 39 — — — T108I — — — — — OSC1/CLKIN
RBO | 15 — SEGO — — — — — INT Y -
RB1 16 — SEG1 — — — — — — Y —
RB2 | 17 — SEG2 — — — — = — Y —
RB3 | 18 — SEG3 — — — — — — Y —
RB4 | 21 — COMO — — — — — 10C Y —
RB5 | 22 — CcoM1 — — — — — 10C Y —
RB6 | 23 — SEG14 — — — — — 10C Y ICSPCLK/ICDCK
RB7 | 24 — SEG13 — — — — — 10C Y ICSPDAT/ICDDAT
RCO | 49 — VLCD1 — — — — = — — —
RC1 | 50 — VLCD2 — — — — — — — —
RC2 | 51 — VLCD3 — — — — = — — —
RC3 | 52 — SEG6 — — — — — — — —
RC4 | 59 — SEG11 — T1G — — SDO = — —
RC5 | 60 — SEG10 — T1CKI CCP1 — — — — —
RC6 | 61 — SEG9 — — — TX/ICK SCK/SCL — — —
RC7 | 62 — SEG8 — — — RX/DT SDI/SDA — — —
RDO | 53 — COM3 — — — — = — — —
RD1 | 54 — — — — — — — —_ — —
RD2 | 55 — — — — CCP2 — — = - —
RD3 | 58 — SEG16 — — — — — — — —
RD4 | 63 — SEG17 — — — — = — — —
RD5 | 64 — SEG18 — — — — — — — —
RD6 1 — SEG19 — — — — = — — —
RD7 2 — SEG20 — — — — — — — —
REO | 33 AN5 SEG21 — — — — = — — —
RE1 34 AN6 SEG22 — — — — — — — —
RE2 | 35 AN7 SEG23 — — — — = — — —
RE3 | 36 — — — — — — — — Y MCLR/VPP
RE4 | 37 — SEG24 — — — — = — — —
RE5 | 42 — SEG25 — — — — — — — —
RE6 | 43 — SEG26 — — — — = — — —
RE7 | 44 — SEG27 — — — — — — — —
RFO 1 — SEG32 — — — — = — — —
RF1 12 — SEG33 — — — — — — — —
RF2 | 13 — SEG34 — — — — = — — —
Note 1:  Pull-up enabled only with external MCLR configuration.
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TABLE 6: PIC16F946 64-PIN (TQFP) SUMMARY (CONTINUED)

1o Pin A/D LCD Comparators | Timers CCP AUSART SSP Interrupt | Pull-Up Basic
RF3 14 — SEG35 — — — — — — — —
RF4 | 45 — SEG28 — — — — — — — —
RF5 | 46 — SEG29 — — — — — — — —
RF6 | 47 — SEG30 — — — — — — — —
RF7 | 48 — SEG31 — — — — — — — —
RGO 3 — SEG36 — — — — = — — —
RG1 4 — SEG37 — — — — — — — —
RG2 5) — SEG38 — — — — — — — —
RG3 6 — SEG39 — — — — — — — —
RG4 7 — SEG40 — — — — — — — —
RG5 8 — SEG41 — — — — — — — —

— 26 — — — — — — — — — AVDD

— 25 — — — — — — — — — AVss

_ 10 — — — = — — — — — VDD

_ 19 — — — — — — — — — VDD

— 38 — — — — — — — — — VDD

_ 57 — — — — — — — — — VDD

— 9 — — = = = = — — — Vss

— 20 — — — — — — — — — Vss

— 41 = = = = = — — — — Vss

_ 56 — — — — — — — — — Vss

Note 1:  Pull-up enabled only with external MCLR configuration.
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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 or fax the Reader Response Form in the back of this data sheet to (480) 792-4150. 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 Web site 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., DS30000A is version A of document DS30000).

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 Web site; 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 web site at www.microchip.com to receive the most current information on all of our products.
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PIC16F913/914/916/917/946

1.0 DEVICE OVERVIEW

The PIC16F91X/946 devices are covered by this data
sheet. They are available in 28/40/44/64-pin packages.
Figure 1-1 shows a block diagram of the PIC16F913/916

device, Figure 1-2 shows a block diagram
PIC16F914/917 device, and Figure 1-3 shows

of the
a block

diagram of the PIC16F946 device. Table 1-1 shows the

pinout descriptions.

FIGURE 1-1: PIC16F913/916 BLOCK DIAGRAM
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Timer
Brown-out
Reset
Internal RE3/MCLR
Oscillator
Block
VbD  Vss
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256 bytes
Timer0 Timer1 Timer2 10-bit A/D
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Comparators CCP1 SSP USART PLVD LCD
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FIGURE 1-2: PIC16F914/917 BLOCK DIAGRAM
INT
X
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FIGURE 1-3: PIC16F946 BLOCK DIAGRAM
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TABLE 1-1: PIC16F91X/946 PINOUT DESCRIPTIONS
Name Function I_Ir_1yppu: O.IE;t ;’:t Description
RAO/AN0/C1-/SEG12 RAO TTL | CMOS | General purpose /0.
ANO AN — Analog input Channel 0.
C1- AN — Comparator 1 negative input.
SEG12 — AN LCD analog output.
RA1/AN1/C2-/SEG7 RA1 TTL | CMOS | General purpose /0.
AN1 AN — Analog input Channel 1.
C2- AN — Comparator 2 negative input.
SEG7 — AN LCD analog output.
RA2/AN2/C2+/VREF-/COM2 RA2 TTL | CMOS | General purpose /0.
AN2 AN — Analog input Channel 2.
C2+ AN — Comparator 2 positive input.
VREF- AN — External A/D Voltage Reference — negative.
COM2 — AN LCD analog output.
RA3/AN3/C1+/VREF+/COM3(1)/ RA3 TTL | CMOS | General purpose I/O.
SEG15 AN3 AN — | Analog input Channel 3.
C1+ AN — Comparator 1 positive input.
VREF+ AN — External A/D Voltage Reference — positive.
com3M | — AN | LCD analog output.
SEG15 — AN LCD analog output.
RA4/C10UT/TOCKI/SEG4 RA4 TTL | CMOS | General purpose I/O.
C10uUT — CMOS | Comparator 1 output.
TOCKI ST — TimerO clock input.
SEG4 — AN LCD analog output.
RA5/AN4/C20UT/SS/ISEGS RA5 TTL | CMOS | General purpose I/O.
AN4 AN — Analog input Channel 4.
C20UT — CMOS | Comparator 2 output.
Ss TTL — Slave select input.
SEG5 — AN LCD analog output.
RA6/0SC2/CLKOUT/T10S0O RA6 TTL | CMOS | General purpose 1/0.
0SC2 — XTAL | Crystal/Resonator.
CLKOUT — CMOS | Tosc/4 reference clock.
T10S0O — XTAL | Timer1 oscillator output.
RA7/0SC1/CLKIN/T10SI RA7 TTL | CMOS | General purpose /0.
0SscC1 XTAL — Crystal/Resonator.
CLKIN ST — Clock input.
T10SI XTAL — Timer1 oscillator input.
RBO/INT/SEGO RBO TTL | CMOS | General purpose I/O. Individually enabled pull-up.
INT ST — External interrupt pin.
SEGO — AN LCD analog output.
Legend: AN = Analog inputoroutput CMOS= CMOS compatible input or output OD = Open Drain
TTL = TTL compatible input ST = Schmitt Trigger input with CMOS levels P = Power
HV = High Voltage XTAL = Crystal
COMS3 is available on RA3 for the PIC16F913/916 and on RDO for the PIC16F914/917 and PIC16F946.

Note 1:

2:
3: Pins available on PIC16F946 only.
4: |2C Schmitt trigger inputs have special input levels.

Pins available on PIC16F914/917 and PIC16F946 only.
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PIC16F913/914/916/917/946

TABLE 1-1: PIC16F91X/946 PINOUT DESCRIPTIONS (CONTINUED)

Input | Output

Name Function Type | Type Description
RB1/SEG1 RB1 TTL | CMOS | General purpose I/O. Individually enabled pull-up.
SEG1 — AN LCD analog output.
RB2/SEG2 RB2 TTL | CMOS | General purpose I/O. Individually enabled pull-up.
SEG2 — AN LCD analog output.
RB3/SEG3 RB3 TTL | CMOS | General purpose I/O. Individually enabled pull-up.
SEG3 — AN LCD analog output.
RB4/COMO RB4 TTL | CMOS | General purpose I/O. Individually controlled
interrupt-on-change. Individually enabled pull-up.
COMO — AN LCD analog output.
RB5/COM1 RB5 TTL | CMOS | General purpose I/O. Individually controlled
interrupt-on-change. Individually enabled pull-up.
COM1 — AN LCD analog output.
RB6/ICSPCLK/ICDCK/SEG14 RB6 TTL | CMOS | General purpose I/O. Individually controlled
interrupt-on-change. Individually enabled pull-up.
ICSPCLK | ST — ICSP™ clock.
ICDCK ST — ICD clock.
SEG14 — AN LCD analog output.

RB7/ICSPDAT/ICDDAT/SEG13 RB7 TTL | CMOS | General purpose I/O. Individually controlled inter-

rupt-on-change. Individually enabled pull-up.
ICSPDAT | ST | CMOS |ICSP Data I/O.
ICDDAT ST | CMOS |ICD Data I/O.

SEG13 — AN LCD analog output.
RCO/VLCD1 RCO ST CMOS | General purpose 1/0.
VLCD1 AN — LCD analog input.
RC1/VLCD2 RC1 ST CMOS | General purpose 1/0.
VLCD2 AN — LCD analog input.
RC2/VLCD3 RC2 ST CMOS | General purpose 1/0.
VLCD3 AN — LCD analog input.
RC3/SEG6 RC3 ST CMOS | General purpose /0.
SEG6 — AN LCD analog output.
RC4/T1G/SDO/SEG11 RC4 ST CMOS | General purpose /0.
T1G ST — | Timer1 gate input.
SDO — CMOS | Serial data output.
SEGM — AN LCD analog output.
RC5/T1CKI/CCP1/SEG10 RC5 ST | CMOS | General purpose I/O.
T1CKI ST — Timer1 clock input.
CCP1 ST | CMOS | Capture 1 input/Compare 1 output/PWM 1 output.
SEG10 — AN LCD analog output.
Legend: AN = Analog inputoroutput CMOS= CMOS compatible input or output OD = Open Drain
TTL = TTL compatible input ST = Schmitt Trigger input with CMOS levels P = Power
HV = High Voltage XTAL = Crystal
Note 1: COM3 is available on RA3 for the PIC16F913/916 and on RDO for the PIC16F914/917 and PIC16F946.

Pins available on PIC16F914/917 and PIC16F946 only.
Pins available on PIC16F946 only.
I2C Schmitt trigger inputs have special input levels.
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PIC16F913/914/916/917/946

TABLE 1-1: PIC16F91X/946 PINOUT DESCRIPTIONS (CONTINUED)

Name Function I_Ir_1yppu: O.IE;t ;’:t Description
RC6/TX/CK/SCK/SCL/SEG9 RC6 ST | CMOS | General purpose /0.
TX — CMOS | USART asynchronous serial transmit.
CK ST CMOS | USART synchronous serial clock.
SCK ST | CMOS | SPI clock.
SCL | ST® | oD |I’2C™ clock.
SEG9 — AN LCD analog output.
RC7/RX/DT/SDI/SDA/SEG8 RC7 ST | CMOS | General purpose I/O.
RX ST — USART asynchronous serial receive.
DT ST CMOS | USART synchronous serial data.
SDI ST CMOS | SPI data input.
SDA | sT® | OD |I’C™ data.
SEG38 — AN LCD analog output.
RDO/cOM3(1:2) RDO ST | CMOS |General purpose 1/O.
COM3 — AN LCD analog output.
RD1(2) RD1 ST | CMOS |General purpose /0.
RD2/cCP2? RD2 ST | CMOS |General purpose /0.
CCP2 ST | CMOS | Capture 2 input/Compare 2 output/PWM 2 output.
RD3/SEG16(2) RD3 ST | CMOS |General purpose 1/O.
SEG16 — AN LCD analog output.
RD4/SEG17(2) RD4 ST | CMOS |General purpose /0.
SEG17 — AN LCD analog output.
RD5/SEG18(2) RD5 ST | CMOS |General purpose I/0.
SEG18 — AN LCD analog output.
RD6/SEG19(2) RD6 ST | CMOS |General purpose /0.
SEG19 — AN LCD analog output.
RD7/SEG20(2) RD7 ST | CMOS |General purpose I/0.
SEG20 — AN LCD analog output.
REO/AN5/SEG21(2) REO ST | CMOS |General purpose /0.
AN5 AN — Analog input Channel 5.
SEG21 — AN LCD analog output.
RE1/AN6/SEG22(2) RE1 ST | CMOS |General purpose /0.
ANG6 AN — Analog input Channel 6.
SEG22 — AN LCD analog output.
RE2/AN7/SEG23(2) RE2 ST | CMOS |General purpose I/0.
AN7 AN — Analog input Channel 7.
SEG23 — AN LCD analog output.
RE3/MCLR/VPP RE3 ST — | Digital input only.
MCLR ST — | Master Clear with internal pull-up.
VPP HV — Programming voltage.
Legend: AN = Analog inputoroutput CMOS= CMOS compatible input or output OD = Open Drain
TTL = TTL compatible input ST = Schmitt Trigger input with CMOS levels P = Power
HV = High Voltage XTAL = Crystal

Note 1: COMS is available on RA3 for the PIC16F913/916 and on RDO for the PIC16F914/917 and PIC16F946.
2: Pins available on PIC16F914/917 and PIC16F946 only.
3: Pins available on PIC16F946 only.
4: |2C Schmitt trigger inputs have special input levels.
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TABLE 1-1: PIC16F91X/946 PINOUT DESCRIPTIONS (CONTINUED)
Name Function Input | Output Description
Type | Type
RE4/SEG240) RE4 ST | CMOS | General purpose 1/0.
SEG24 — AN LCD analog output.
RE5/SEG25() RE5 ST | CMOS |General purpose /0.
SEG25 — AN LCD analog output.
RE6/SEG26) RE6 ST | CMOS |General purpose /0.
SEG26 — AN LCD analog output.
RE7/SEG276) RE7 ST | CMOS |General purpose /0.
SEG27 — AN LCD analog output.
RFO/SEG32(3) RFO ST | CMOS |General purpose /0.
SEG32 — AN LCD analog output.
RF1/SEG33(3) RF1 ST | CMOS |General purpose /0.
SEG33 — AN LCD analog output.
RF2/SEG34() RF2 ST | CMOS |General purpose I/0.
SEG34 — AN LCD analog output.
RF3/SEG35(3) RF3 ST | CMOS |General purpose /0.
SEG35 — AN LCD analog output.
RF4/SEG28(3) RF4 ST | CMOS |General purpose 1/O.
SEG28 — AN LCD analog output.
RF5/SEG29(3) RF5 ST | CMOS |General purpose /0.
SEG29 — AN LCD analog output.
RF6/SEG30(3) RF6 ST | CMOS |General purpose I/0.
SEG30 — AN LCD analog output.
RF7/SEG31(3) RF7 ST | CMOS |General purpose /0.
SEG31 — AN LCD analog output.
RGO0/SEG3603) RGO ST | CMOS |General purpose 1/O.
SEG36 — AN LCD analog output.
RG1/SEG376) RG1 ST | CMOS |General purpose /0.
SEG37 — AN LCD analog output.
RG2/SEG3803) RG2 ST | CMOS |General purpose 1/O.
SEG38 — AN LCD analog output.
RG3/SEG396) RG3 ST | CMOS |General purpose /0.
SEG39 — AN LCD analog output.
RG4/SEG403) RG4 ST | CMOS |General purpose 1/O.
SEG10 — AN LCD analog output.
RG5/SEG416) RG5 ST | CMOS |General purpose /0.
SEG41 — AN LCD analog output.
Avpp(®) AVDD P — | Analog power supply for microcontroller.
Avss(®) AVss P — | Analog ground reference for microcontroller.
VDD VDD P — Power supply for microcontroller.
Legend: AN = Analog inputoroutput CMOS= CMOS compatible input or output OD = Open Drain
TTL = TTL compatible input ST = Schmitt Trigger input with CMOS levels P = Power
HV = High Voltage XTAL = Crystal
COMS3 is available on RA3 for the PIC16F913/916 and on RDO for the PIC16F914/917 and PIC16F946.

Note 1:

2:
3: Pins available on PIC16F946 only.
4: |2C Schmitt trigger inputs have special input levels.

Pins available on PIC16F914/917 and PIC16F946 only.

© 2007 Microchip Technology Inc.
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TABLE 1-1: PIC16F91X/946 PINOUT DESCRIPTIONS (CONTINUED)

Name Function Input | Output Description
Type | Type
Vss Vss P — Ground reference for microcontroller.
Legend: AN = Analog input oroutput CMOS= CMOS compatible input or output OD = Open Drain
TTL = TTL compatible input ST = Schmitt Trigger input with CMOS levels P = Power

HV High Voltage XTAL = Crystal
Note 1: COM3 is available on RA3 for the PIC16F913/916 and on RDO for the PIC16F914/917 and PIC16F946.
2: Pins available on PIC16F914/917 and PIC16F946 only.
3: Pins available on PIC16F946 only.
4: 12C Schmitt trigger inputs have special input levels.
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2.0 MEMORY ORGANIZATION

21 Program Memory Organization

The PIC16F91X/946 has a 13-bit program counter
capable of addressing a 4K x 14 program memory
space for the PIC16F913/914 (0000h-OFFFh) and an
8K x 14 program memory space for the PIC16F916/
917 and PIC16F946 (0000h-1FFFh). Accessing a
location above the memory boundaries for the
PIC16F913 and PIC16F914 will cause a wrap around
within the first 4K x 14 space. The Reset vector is at

0000h and the interrupt vector is at 0004h.

FIGURE 2-1: PROGRAM MEMORY MAP

AND STACK FOR THE

PIC16F913/914

FIGURE 2-2:

PROGRAM MEMORY MAP
AND STACK FOR THE
PIC16F916/917/PIC16F946
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2.2 Data Memory Organization

The data memory is partitioned into multiple banks
which contain the General Purpose Registers (GPRs)
and the Special Function Registers (SFRs). Bits RPO
and RP1 are bank select bits.

RP1 RPO
0 0 — Bank 0 is selected
0 1 — Bank 1 is selected
1 0 — Bank 2 is selected
1 1 — Bank 3 is selected

Each bank extends up to 7Fh (128 bytes). The lower
locations of each bank are reserved for the Special
Function Registers. Above the Special Function
Registers are the General Purpose Registers,
implemented as static RAM. All implemented banks
contain Special Function Registers. Some frequently
used Special Function Registers from one bank are
mirrored in another bank for code reduction and
quicker access.

2.21 GENERAL PURPOSE REGISTER
FILE

The register file is organized as 256 x 8 bits in the
PIC16F913/914, 352 x 8 bits in the PIC16F916/917 and
336 x 8 bits in the PIC16F946. Each register is accessed
either directly or indirectly through the File Select
Register (FSR) (see Section 2.5 “Indirect Addressing,
INDF and FSR Registers”).

222 SPECIAL FUNCTION REGISTERS

The Special Function Registers are registers used by
the CPU and peripheral functions for controlling the
desired operation of the device (see Tables 2-1, 2-2,
2-3 and 2-4). These registers are static RAM.

The Special Function Registers can be classified into
two sets: core and peripheral. The Special Function
Registers associated with the “core” are described in
this section. Those related to the operation of the
peripheral features are described in the section of that
peripheral feature.
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FIGURE 2-3:

PIC16F913/916 SPECIAL FUNCTION REGISTERS

Indirect addr. ™M

TMRO

PCL

STATUS

FSR

PORTA

PORTB

PORTC

PORTE

PCLATH

INTCON

PIR1

PIR2

TMR1L

TMR1H

T1CON

TMR2

T2CON

SSPBUF

SSPCON

CCPR1L

CCPR1H

CCP1CON

RCSTA

TXREG

RCREG

ADRESH

ADCONO

General
Purpose
Register

96 Bytes

Bank 0

Note 1:

File
Address
00h
01h
02h
03h
04h
05h
06h
07h
08h
0%h
0Ah
0Bh
0Ch
0Dh
OEh
OFh
10h
11h
12h
13h
14h
15h
16h
17h
18h
19h
1Ah
1Bh
1Ch
1Dh
1Eh
1Fh
20h

7Fh

File
Address
Indirect addr. ()| 80h
OPTION_REG |81h
PCL 82h
STATUS 83h
FSR 84h
TRISA 85h
TRISB 86h
TRISC 87h
88h
TRISE 89h
PCLATH 8Ah
INTCON 8Bh
PIE1 8Ch
PIE2 8Dh
PCON 8Eh
OSCCON 8Fh
OSCTUNE 90h
ANSEL 91h
PR2 92h
SSPADD 93h
SSPSTAT 94h
WPUB 95h
I0CB 96h
CMCON1 97h
TXSTA 98h
SPBRG 9%h
9Ah
9Bh
CMCONO 9Ch
VRCON 9Dh
ADRESL 9Eh
ADCON1 9Fh
AOh
General
Purpose
Register
80 Bytes
EFh
accesses FOh
70h-7Fh FFh
Bank 1

Indirect addr.

TMRO

PCL

STATUS

FSR

WDTCON

PORTB

LCDCON

LCDPS

LVDCON

PCLATH

INTCON

EEDATL

EEADRL

EEDATH

EEADRH

LCDDATAO

LCDDATA1

LCDDATA3

LCDDATA4

LCDDATAG

LCDDATA7

LCDDATA9

LCDDATA10

LCDSEO

LCDSE1

General
Purpose
Register

80 Bytes

accesses
70h-7Fh

Bank 2

|:| Unimplemented data memory locations, read as ‘0.
Not a physical register.
2: Onthe PIC16F913, unimplemented data memory locations, read as ‘0’.

File
Address
100h
101h
102h
103h
104h
105h
106h
107h
108h
109h
10Ah
10Bh
10Ch
10Dh
10Eh
10Fh
110h
111h
112h
113h
114h
115h
116h
117h
118h
119h
11Ah
11Bh
11Ch
11Dh
11Eh
11Fh
120h

16Fh
170h
17Fh

Indirect addr.

OPTION_REG

PCL

STATUS

FSR

TRISB

PCLATH

INTCON

EECON1

EECON2(M

Reserved

Reserved

General
Purpose
Register(z)

96 Bytes

accesses
70h-7Fh

Bank 3

File
Address
180h
181h
182h
183h
184h
185h
186h
187h
188h
18%h
18Ah
18Bh
18Ch
18Dh
18Eh
18Fh
190h

1EFh
1FOh
1FFh
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FIGURE 2-4: PIC16F914/917 SPECIAL FUNCTION REGISTERS
File File File File
Address Address Address Address
Indirect addr. (M | 00h Indirect addr. (V] 80h Indirect addr. (V| 100h Indirect addr. (V| 180h
TMRO 01h OPTION_REG |81h TMRO 101h OPTION_REG |181h
PCL 02h PCL 82h PCL 102h PCL 182h
STATUS 03h STATUS 83h STATUS 103h STATUS 183h
FSR 04h FSR 84h FSR 104h FSR 184h
PORTA 05h TRISA 85h WDTCON | 105h 185h
PORTB 06h TRISB 86h PORTB 106h TRISB 186h
PORTC 07h TRISC 87h LCDCON  |107h 187h
PORTD 08h TRISD 88h LCDPS 108h 188h
PORTE 09h TRISE 89h LVDCON 109h 189h
PCLATH 0Ah PCLATH 8Ah PCLATH 10Ah PCLATH 18Ah
INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON 18Bh
PIR1 0Ch PIE1 8Ch EEDATL 10Ch EECON1 18Ch
PIR2 0Dh PIE2 8Dh EEADRL 10Dh EECON2(M | 18Dn
TMRIL OEh PCON 8Eh EEDATH 10Eh Reserved | 18Eh
TMR1H OFh OSCCON  |8Fh EEADRH 10Fh Reserved | 18Fh
T1CON 10h OSCTUNE | 90h LCDDATAO | 110h 190h
TMR2 11h ANSEL 91h LCDDATA1 |111h
T2CON 12h PR2 92h LCDDATA2 |112h
SSPBUF 13h SSPADD 93h LCDDATA3 | 113h
SSPCON 14h SSPSTAT | 94h LCDDATA4 |114h
CCPR1L 15h WPUB 95h LCDDATA5 |115h
CCPR1H 16h IOCB 96h LCDDATA6 | 116h
CCP1CON [17h CMCON1 | 97h LCDDATA7 |117h
RCSTA 18h TXSTA 98h LCDDATA8 | 118h
TXREG 19h SPBRG 99h LCDDATA9 |[119h General
RCREG 1Ah 9Ah LCDDATA10 |11Ah Purpose
CCPR2L  |1Bh 9Bh LCDDATA11 | 11Bh Register(?)
CCPR2H 1Ch CMCONO |9Ch LCDSEO 11Ch
CCP2CON | 1Dh VRCON  |9Dh LCDSE1  |11Dh 96 Bytes
ADRESH 1Eh ADRESL  |9Eh LCDSE2 11Eh
ADCONO | 1Fh ADCON1 9Fh 11Fh
20h AOh 120h
General General
General Purpose Purpose
Purpose Register Register
Register
80 Bytes 80 Bytes
96 Bytes EFh 16Fh 1EFh
accesses FOh accesses 170h accesses 1FOh
7Fh 70h-7Fh FFh 70h-7Fh 17Fh 70h-7Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3

|:| Unimplemented data memory locations, read as ‘0.
Note 1: Not a physical register.
2: Onthe PIC16F914, unimplemented data memory locations, read as ‘0’.
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FIGURE 2-5:

PIC16F946 SPECIAL FUNCTION REGISTERS

Indirect addr. (M

TMRO

PCL

STATUS

FSR

PORTA

PORTB

PORTC

PORTD

PORTE

PCLATH

INTCON

PIR1

PIR2

TMR1L

TMR1H

T1CON

TMR2

T2CON

SSPBUF

SSPCON

CCPR1L

CCPR1H

CCP1CON

RCSTA

TXREG

RCREG

CCPR2L

CCPR2H

CCP2CON

ADRESH

ADCONO

General
Purpose
Register

96 Bytes

Bank 0

Note 1:

File
Address
00h
01h
02h
03h
04h
05h
06h
07h
08h
09h
0Ah
0Bh
0Ch
0Dh
OEh
OFh
10h
11h
12h
13h
14h
15h
16h
17h
18h
19h
1Ah
1Bh
1Ch
1Dh
1Eh
1Fh
20h

7Fh

File
Address
Indirect addr. () | 80h
OPTION_REG |81h
PCL 82h
STATUS 83h
FSR 84h
TRISA 85h
TRISB 86h
TRISC 87h
TRISD 88h
TRISE 89h
PCLATH 8Ah
INTCON 8Bh
PIE1 8Ch
PIE2 8Dh
PCON 8Eh
OSCCON 8Fh
OSCTUNE 90h
ANSEL 91h
PR2 92h
SSPADD 93h
SSPSTAT 94h
WPUB 95h
I0CB 96h
CMCON1 97h
TXSTA 98h
SPBRG 9%h
9Ah
9Bh
CMCONO 9Ch
VRCON 9Dh
ADRESL 9Eh
ADCON1 9Fh
AOh
General
Purpose
Register
80 Bytes
EFh
accesses FOh
70h-7Fh FFh
Bank 1

Indirect addr. (M

TMRO

PCL

STATUS

FSR

WDTCON

PORTB

LCDCON

LCDPS

LVDCON

PCLATH

INTCON

EEDATL

EEADRL

EEDATH

EEADRH

LCDDATAOQ

LCDDATA1

LCDDATA2

LCDDATA3

LCDDATA4

LCDDATA5

LCDDATAG

LCDDATA7

LCDDATAS8

LCDDATA9

LCDDATA10

LCDDATA11

LCDSEO

LCDSE1

LCDSE2

General
Purpose
Register

80 Bytes

accesses
70h-7Fh

Bank 2

O Unimplemented data memory locations, read as ‘0’.
Not a physical register.

File
Address
100h
101h
102h
103h
104h
105h
106h
107h
108h
109h
10Ah
10Bh
10Ch
10Dh
10Eh
10Fh
110h
111h
112h
113h
114h
115h
116h
117h
118h
119h
11Ah
11Bh
11Ch
11Dh
11Eh
11Fh
120h

16Fh
170h
17Fh

Indirect addr. (M

OPTION_REG

PCL

STATUS

FSR

TRISF

TRISB

TRISG

PORTF

PORTG

PCLATH

INTCON

EECON1

EECON2(

Reserved

Reserved

LCDDATA12

LCDDATA13

LCDDATA14

LCDDATA15

LCDDATA16

LCDDATA17

LCDDATA18

LCDDATA19

LCDDATA20

LCDDATA21

LCDDATA22

LCDDATA23

LCDSE3

LCDSE4

LCDSES

General
Purpose
Register

80 Bytes

accesses
70h-7Fh

Bank 3

File
Address
180h
181h
182h
183h
184h
185h
186h
187h
188h
189h
18Ah
18Bh
18Ch
18Dh
18Eh
18Fh
190h
191h
192h
193h
194h
195h
196h
197h
198h
19%h
19Ah
19Bh
19Ch
19Dh
19Eh
19Fh
1A0h

1EFh
1FOh
1FFh
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TABLE 2-1: PIC16F91X/946 SPECIAL FUNCTION REGISTERS SUMMARY BANK 0

Addr | Name Bit7 Bit6 Bit5 Bit 4 Bit3 Bit 2 Bit 1 Bit 0 P‘g,'.\}jea‘(’)"R Page
Bank 0

00h INDF Addressing this location uses contents of FSR to address data memory (not a physical register) XXXX XXXX 41,226
01h TMRO Timer0 Module Register XXXX XXXX 99,226
02h PCL Program Counter’s (PC) Least Significant Byte 0000 0000 40,226
03h | STATUS RP | RP1 | RPO TO P60 | z | bc | ¢ |ooor 1xxx| 32226
04h FSR Indirect Data Memory Address Pointer XXXX XXXX 41,226
05h | PORTA RA7 RA6 RA5 RA4 RA3 RA2 RA1 RAD | xxxx xxxx 44,226
06h | PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO | xxxx xxxx 54,226
07h | PORTC RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO | xxxx xxxx 62,226
0g8h | PORTD®@ RD7 RD6 RD5 RD4 RD3 RD2 RD1 RDO | xxxx xxxx 71,226
09h | PORTE RE7®) RE6() RE5®) RE4() RE3 RE2?) RE12) REO® | xxxx xxxx 76,226
O0Ah PCLATH — — — Write Buffer for upper 5 bits of Program Counter ---0 0000 40,226
0Bh | INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF | 0000 000x 34,226
och |PIR1 EEIF ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 37,226
0Dh |PIR2 OSFIF C2IF C1IF LCDIF = LVDIF = CCP2IF@ | 0000 -0-0 38,226
OEh TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 XXXK KKXX 102,226
OFh TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 XXXK KKXX 102,226
10n |T1cON | T1GINV | TMR1GE | T1cKPS1 | T1CKPSO | T10SCEN | TISYNC | TMR1CS | TMR1ON | 0000 0000 | 105,226
11h TMR2 Timer2 Module Register 0000 0000 107,226
12h | T2CON — | Toutpss | Toutps2 | TouTPs1 | TOUTPSO | TMR20ON | T2CKPS1 | T2CKPSO | -000 0000 | 108,226
13h SSPBUF | Synchronous Serial Port Receive Buffer/Transmit Register XXXK KXXX 196,226
14n |sspcoN | wcoL | sspov | ssPEN | ckp | ssPm3 | sspm2 | ssPm1 | ssPMo | 0ooo oooo | 195,226
15h CCPR1L Capture/Compare/PWM Register 1 (LSB) XXXK KKXX 213,226
16h CCPR1H | Capture/Compare/PWM Register 1 (MSB) XXXK KKXX 213,226
17h | CCP1CON = = CCP1X | CCP1Y | CCP1M3 | CCP1M2 | CCP1M1 | CCP1MO | --00 0000 | 212,226
18h | RCSTA SPEN RX9 SREN CREN ADDEN | FERR OERR RX9D | 0000 00Ox | 131,226
19h TXREG USART Transmit Data Register 0000 0000 130,226
1Ah RCREG USART Receive Data Register 0000 0000 128,227
1Bh(® | CCPR2L | Capture/Compare/PWM Register 2 (LSB) xxxx xxxx | 213,227
1Ch®@ | CCPR2H | Capture/Compare/PWM Register 2 (MSB) xxxx xxxx | 213,227
10h® |ccracon| — | — | cepex | cepay | ccpams | copam2 | copamt | copamo | --00 oooo | 212,227
1Eh ADRESH | A/D Result Register High Byte XXXK KKXX 182,227
1Fh  |ADcoNo | ADFM | veret | vereo | cHs2 | cHs1 | cHso |GOONE| ADON | 0ooo oooo | 180,227
Legend: - = Unimplemented locations read as ‘0’, u = unchanged, x = unknown, g = value depends on condition, shaded = unimplemented
Note 1:  Other (non Power-up) Resets include MCLR Reset and Watchdog Timer Reset during normal operation.

2:  PIC16F914/917 and PIC16F946 only, forced ‘0’ on PIC16F913/916.
3: PIC16F946 only, forced to ‘0’ on PIC16F91X.
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TABLE 2-2: PIC16F91X/946 SPECIAL FUNCTION REGISTERS SUMMARY BANK 1

Addr Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 P‘g,'.\}:ea‘(’)"R Page
Bank 1

80h | INDF Addressing this location uses contents of FSR to address data memory (not a physical register) | xxxx xxxx 41,226
81h |OPTION REG| RBPU | INTEDG | Tocs | Tose | pPsa | ps2 | pst | pso | 1111 1111 | 33207
82h |PCL Program Counter’s (PC) Least Significant Byte 0000 0000 40,226
83h | STATUS R | rRe1 | R0 | 7o | 6 | z | bc | ¢ 0001 1xxx | 32,226
84h | FSR Indirect Data Memory Address Pointer XXXX XXXX 41,226
85h | TRISA TRISA7 TRISA6 TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISAO 1111 1111 44,227
86h | TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO 1111 1111 54,227
87h | TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISCO 1111 1111 62,227
88h | TRISD® TRISD7 TRISD6 TRISD5 TRISD4 TRISD3 TRISD2 TRISD1 TRISDO 1111 1111 71,227
89h | TRISE TRISE7® | TRISE6? | TRISES® | TRISE4® | TRISE3® | TRISE2®) | TRISE1® | TRISEO® | 1111 1111 | 76,227
8Ah | PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 40,226
8Bh | INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 34,226
8Ch | PIE1 EEIE ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMR1IE 0000 0000 35,227
8Dh | PIE2 OSFIE C2IE C1IE LCDIE = LVDIE = CcCP2IE® | 0000 -0-0 | 36,227
8Eh | PCON = = = SBOREN = = POR BOR ---1 --qq 39,227
8Fh | OSCCON — IRCF2 IRCF1 IRCFO_ | osTs¥ HTS LTS scs -110 gooo | 88,227
90h OSCTUNE — — — TUN4 TUN3 TUN2 TUNA1 TUNO ---0 0000 92,227
91h | ANSEL ANS7®) | ANse® | ANs5® | ANs4 ANS3 ANS2 ANS1 ANSO | 1111 1111 | 43,227
92h PR2 Timer2 Period Register 1111 1111 107,227
93h | SSPADD Synchronous Serial Port (I20 mode) Address Register 0000 0000 202,227
94h SSPSTAT SMP CKE D/A P S R/W UA BF 0000 0000 194,227
95h | WPUB WPUB7 WPUBG6 WPUB5 WPUB4 WPUB3 WPUB2 WPUB1 WPUBO 1111 1111 55,227
96h 10CB 10CB7 10CB6 10CB5 10CB4 — — — — 0000 ---- 54,227
97h CMCON1 — — — — — — T1GSS C2SYNC | ---- -- 10 117,227
98h | TXSTA CSRC TX9 TXEN SYNC — BRGH TRMT TX9D 0000 -010 130,227
99h SPBRG SPBRG7 | SPBRG6 | SPBRG5 | SPBRG4 | SPBRG3 | SPBRG2 | SPBRG1 | SPBRGO | 0000 0000 132,227
9Ah — Unimplemented — —
9Bh — Unimplemented — —
9Ch | CMCONO C20UT C10UT C2INV C1INV CIS CM2 CM1 CMO 0000 0000 116,227
9Dh | VRCON VREN — VRR — VR3 VR2 VR1 VRO 0-0- 0000 118,227
9Eh | ADRESL A/D Result Register Low Byte XXXX XXXX 182,227
9Fh | ADCON1 — | ADCS2 ADCS1 ADCSO0 — — — — -000 ---- 181,227
Legend: - = Unimplemented locations read as ‘0’, u = unchanged, x = unknown, g = value depends on condition, shaded = unimplemented
Note Other (non Power-up) Resets include MCLR Reset and Watchdog Timer Reset during normal operation.

1

2:  PIC16F946 only, forced ‘0’ on PIC16F91X.

3:  PIC16F914/917 and PIC16F946 only, forced ‘0’ on PIC16F913/916.

4:  The value of the OSTS bit is dependent on the value of the Configuration Word (CONFIG) of the device. See Section 4.2 “Oscillator
Control”.

5: Bit is read-only; TRISE3 = 1 always.
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TABLE 2-3: PIC16F91X/946 SPECIAL FUNCTION REGISTERS SUMMARY BANK 2

Addr Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 P‘g&‘j‘;%"R Page
Bank 2

100h | INDF Addressing this location uses contents of FSR to address data memory (not a physical register) XXXX XXXX 41,226
101h | TMRO TimerO Module Register XXXX XXXX 99,226
102h | PCL Program Counter’s (PC) Least Significant Byte 0000 0000 40,226
103h | STATUS rRP | RP1 | RPO TO P60 | z | bc | ¢ [ooo1 1xxx| 32226
104h | FSR Indirect Data Memory Address Pointer XXXX XXXX 41,226
105h | WDTCON — — — WDTPS3 | WDTPS2 | WDTPS1 | WDTPSO | SWDTEN | ---0 1000 235,227
106h | PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO XXXX XXXX 54,226
107h | LCDCON LCDEN SLPEN WERR VLCDEN Cs1 CS0 LMUX1 LMUX0 |o0001 0011 145,227
108h | LCDPS WFT BIASMD LCDA WA LP3 LP2 LP1 LPO 0000 0000 146,227
109h | LVDCON — — IRVST LVDEN — LVDL2 LVDL1 LVDLO --00 -100 145,228
10Ah | PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 40,226
10Bh | INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 34,226
10Ch | EEDATL EEDATL7 | EEDATL6 | EEDATL5 | EEDATL4 | EEDATL3 | EEDATL2 | EEDATL1 | EEDATLO | 0000 0000 188,228
10Dh | EEADRL EEADRL7 | EEADRLG | EEADRLS | EEADRL4 | EEADRL3 | EEADRL2 | EEADRL1 | EEADRLO [ 0000 0000 188,228
10Eh | EEDATH - = EEDATHS | EEDATH4 | EEDATH3 | EEDATH2 | EEDATH1 | EEDATHO | --00 0000 188,228
10Fh | EEADRH - = = EEADRH4 | EEADRH3 | EEADRH2 | EEADRH1 | EEADRHO | ---0 0000 188,228
110h | LCDDATAO SEG7 SEG6 SEG5 SEG4 SEG3 SEG2 SEG1 SEGO | xxxx xxxx| 147,228

COMO COMO COMO COMO COMO COMO COMO COMO
111h | LCDDATA1 SEG15 SEG14 SEG13 SEG12 SEG11 SEG10 SEG9 SEG8 XXXK XXXX 147,228

COMo COMoO COMO COMoO COMo COMo COMoO COMo

112h | LCDDATA2(? SEG23 SEG22 SEG21 SEG20 SEG19 SEG18 SEG17 SEG16 | xxxx xxxx | 147,228
COMo COMO COMO COMO COMo COMo COMO COMo

113h | LCDDATA3 SEG7 SEG6 SEG5 SEG4 SEG3 SEG2 SEG1 SEGO | =xxxx xxxx| 147,228
CcoMm1 CcOoM1 CcoM1 COoM1 Ccom1 Ccom1 CcoM1 COM1
114h | LCDDATA4 SEG15 SEG14 SEG13 SEG12 SEG11 SEG10 SEG9 SEG8 | xxxx xxxx| 147,228

COoM1 COoM1 COoM1 COoM1 COoMm1 COoM1 COoM1 COoM1

115h | LCDDATA5(? SEG23 SEG22 SEG21 SEG20 SEG19 SEG18 SEG17 SEG16 | xxxx xxxx | 147,228
Com1 COoM1 COoM1 COoM1 Com1 COM1 COoM1 COoM1

116h | LCDDATAG SEG7 SEG6 SEG5 SEG4 SEG3 SEG2 SEG1 SEGO | =xxxx xxxx| 147,228
com2 com2 com2 com2 com2 com2 com2 com2
117h | LCDDATA7 SEG15 SEG14 SEG13 SEG12 SEG11 SEG10 SEG9 SEG8 | xxxx xxxx| 147,228

COM2 COM2 COM2 COM2 COM2 COM2 COM2 Ccom2

118h | LCDDATA8? SEG23 SEG22 SEG21 SEG20 SEG19 SEG18 SEG17 SEG16 | xxxx xxxx | 147,228
COoM2 COM2 COM2 COM2 COoM2 COM2 COM2 Ccom2

119h | LCDDATA9 SEG7 SEG6 SEG5 SEG4 SEG3 SEG2 SEG1 SEGO | =xxxx xxxx| 147,228
COomM3 COM3 COoM3 COoM3 CcOomM3 CcComM3 COoM3 COM3
11Ah | LCDDATA10 SEG15 SEG14 SEG13 SEG12 SEG11 SEG10 SEG9 SEG8 | xxxx xxxx| 147,228

COM3 COM3 COM3 COM3 COM3 COM3 COM3 COM3

11Bh | LCDDATA11®) | SEG23 | SEG22 | SEG21 | SEG20 | SEG19 | SEG18 | SEG17 | SEG16 |xxxx xxxx| 147,228
com3 | coms | com3 | cowms COM3 coM3 COM3 COM3

11Ch | LCDSEQ® SE7 SE6 SE5 SE4 SE3 SE2 SE1 SEO  |0000 0000 | 147,228
11Dh | LCDSE1®) SE15 SE14 SE13 SE12 SE11 SE10 SE9 SE8 |0000 0000 | 147,228
11Eh | LCDSE223) SE23 SE22 SE21 SE20 SE19 SE18 SE17 SE16 |0000 0000 | 147,228
11Fh — Unimplemented — —
Legend: - = Unimplemented locations read as ‘0’, u = unchanged, x = unknown, g = value depends on condition, shaded = unimplemented
Note 1:  Other (non Power-up) Resets include MCLR Reset and Watchdog Timer Reset during normal operation.

2:  PIC16F914/917 and PIC16F946 only.
3:  This register is only initialized by a POR or BOR reset and is unchanged by other Resets.
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TABLE 2-4: PIC16F91X/946 SPECIAL FUNCTION REGISTERS SUMMARY BANK 3

Addr Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 P‘g,':eB%“R Page
Bank 3
180h INDF Address)ing this location uses contents of FSR to address data memory (not a physical XXXX XXXX 41,226

register

18th  |OPTION_REG | RBPU [ INTEDG | Tocs | Tose | PsA | pPs2 | Ps1 | PSO |1111 1111| 33227
182h PCL Program Counter (PC) Least Significant Byte 0000 0000 40,226
183h | STATUS RP | RP1 | RPO | TO | PD | z | bc | c 0001 1xxx | 32,226
184h FSR Indirect Data Memory Address Pointer XXXX XXXX 41,226
185h TRISFG) TRISF7 | TRISF6 | TRISF5 | TRISF4 | TRISF3 | TRISF2 | TRISF1 TRISFO | 1111 1111 81,228
186h TRISB TRISB7 | TRISB6 | TRISB5 | TRISB4 | TRISB3 | TRISB2 | TRISB1 TRISBO | 1111 1111 54,227
187h TRISG®) — — TRISG5 | TRISG4 | TRISG3 | TRISG2 | TRISG1 | TRISGO | --11 1111 84,228
188h PORTF®) RF7 RF6 RF5 RF4 RF3 RF2 RF1 RFO XXXX XXXX 81,228
189h PORTG® — — RG5 RG4 RG3 RG2 RG1 RGO | --xx xxxx 84,228
18Ah PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter | -~ -0 0000 40,226
18Bh INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 34,226
18Ch EECON1 EEPGD — — — WRERR | WREN WR RD 0--- x000 189,229
18Dh EECON2 EEPROM Control Register 2 (not a physical register) | —--— —--- 187
18Eh — Reserved — —
18Fh — Reserved — —

190h LCDDATA128) | SEG31 SEG30 SEG29 SEG28 SEG27 SEG26 SEG25 SEG24 | xxxx XxXXX 147,228
COMOo COMOo CcOomMo CcOomMo CcOomMo CcOomMo COomMo COoMo

191h LCDDATA13®) | SEG39 | SEG38 | SEG37 | SEG36 | SEG35 | SEG34 | SE33 | SEG32 | xxxx xxxx | 147,228
CoMo0 | como | como | como | como | como | como | COMO

192h LCDDATA143) — — — — — — SEG41 | SEG40 | ---- -- xx | 147,228
COMO | COMO

193h LCDDATA15®) | SEG31 SEG30 SEG29 SEG28 SEG27 SEG26 SEG25 SEG24 | xxxx XxXXX 147,228
coM1 CcoM1 COoMm1 COomM1 Com1 COom1 COoM1 COoM1

194h LCDDATA16®) | SEG39 | SEG38 | SEG37 | SEG36 | SEG35 | SEG34 | SEG33 | SEG32 | xxxx xxxx | 147,228
coM1 | comt | com1 | com1 | comt | comt | comi | com1

195h LCDDATA17®) — — — — — — SEG41 | SEG40 | ---- -- xx | 147,228
coM1 | comt

196h LCDDATA18®) | SEG31 SEG30 SEG29 SEG28 SEG27 SEG26 SEG25 SEG24 | xxxx XxXXX 147,228
COom2 COomM2 com2 com2 com2 com2 com2 com2

197h LCDDATA19®) | SEG39 | SEG38 | SEG37 | SEG36 | SEG35 | SEG34 | SEG33 | SEG32 | xxxx xxxx | 147,228
coM2 | com2 | com2 | com2 | com2 | com2 | com2 | com2

198h LCDDATA20) | — — — — — — SEG41 | SEG40 | ---- -- xx | 147,228
com2 | coMm2

199h LCDDATA218) | SEG31 SEG30 SEG29 SEG28 SEG27 SEG26 SEG25 SEG24 | xxxx XxXXX 147,228
COM3 COM3 COomM3 COomM3 COomM3 COomM3 COoM3 COM3

19Ah LCDDATA22®) | SEG39 | SEG38 | SEG37 | SEG36 | SEG35 | SEG34 | SEG33 | SEG32 | xxxx xxxx | 147,228
COM3 | CoM3 | COM3 | cOM3 | cCOM3 | cOM3 | com3 | com3

19Bh LCDDATA23) — — — — — — SEG41 | SEG40 | ---- -- xx | 147,228
COM3 | COM3

19Ch LCDSE3(2 3 SE31 SE30 SE29 SE28 SE27 SE26 SE25 SE24 | 0000 0000 147,229

19Dh LCDSE4(2 3 SE39 SE38 SE37 SE36 SE35 SE34 SE33 SE32 | 0000 0000 147,229

19Eh LCDSE5( 3 — — — — — — SE41 SE40 | ---- -- 00 147,229

19Fh — Unimplemented — —

Legend: - = Unimplemented locations read as ‘0’, u = unchanged, x = unknown, g = value depends on condition, shaded = unimplemented

Note 1:  Other (non Power-up) Resets include MCLR Reset and Watchdog Timer Reset during normal operation.
1 This register is only initialized by a POR or BOR reset and is unchanged by other Resets.
3:  PIC16F946 only.
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2.2.21 STATUS Register
The STATUS register, shown in Register 2-1, contains:

« the arithmetic status of the ALU
* the Reset status
« the bank select bits for data memory (SRAM)

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

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 (see Section 17.0
“Instruction Set Summary”).

Note 1: The C and DC bits operate as Borrow and
Digit Borrow out bits, respectively, in

- . . . subtraction.
writable. Therefore, the result of an instruction with the
STATUS register as destination may be different than
intended.
REGISTER 2-1: STATUS: STATUS REGISTER
R/W-0 R/W-0 R/W-0 R-1 R-1 R/W-x R/W-x R/W-x
IRP RP1 RPO TO PD Z pct ct
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 IRP: Register Bank Select bit (used for indirect addressing)

1 =Bank 2, 3 (100h-1FFh)
0 = Bank 0, 1 (0O0h-FFh)
bit 6-5 RP<1:0>: Register Bank Select bits (used for direct addressing)
00 = Bank 0 (00h-7Fh)
01 = Bank 1 (80h-FFh)
10 = Bank 2 (100h-17Fh)
11 = Bank 3 (180h-1FFh)
bit 4 TO: Time-out bit
1 = After power-up, CLRWDT instruction or SLEEP instruction
0 = A WDT time-out occurred
bit 3 PD: 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/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. For rotate (RRF, RLF) instructions, this bit is loaded with either the high-order or low-order
bit of the source register.
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2222 OPTION register
. . . T Note: To achieve a 1:1 prescaler assignment for
Feadable and wridble register which contain varous Timer0, assign the presoaler o the WDT by
control bits to configure: ’ setting PSA bit of the OPTION register to
’ ‘1. See Section 6.3 “Timer1 Prescaler”.
* TimerO/WDT prescaler
» External RBO/INT interrupt
e TimerQ
» Weak pull-ups on PORTB
REGISTER 2-2: OPTION_REG: OPTION REGISTER
R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
RBPU INTEDG TOCS TOSE PSA PS2 PS1 PSO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared x = Bit is unknown

bit 7 RBPU: PORTB Pull-up Enable bit
1 = PORTB pull-ups are disabled
0 = PORTB pull-ups are enabled by individual bits in the WPUB register
bit 6 INTEDG: Interrupt Edge Select bit
1 = Interrupt on rising edge of RBO/INT pin
0 = Interrupt on falling edge of RBO/INT pin
bit 5 TOCS: Timer0 Clock Source Select bit
1 = Transition on RA4/TOCKI pin
0 = Internal instruction cycle clock (FOsSc/4)
bit 4 TOSE: Timer0 Source Edge Select bit
1 = Increment on high-to-low transition on RA4/TOCKI pin
0 = Increment on low-to-high transition on RA4/TOCKI pin
bit 3 PSA: Prescaler Assignment bit
1 = Prescaler is assigned to the WDT
0 = Prescaler is assigned to the Timer0 module
bit 2-0 PS<2:0>: Prescaler Rate Select bits
Bit Value  TimerO Rate WDT Rate
000 1:2 1:1
001 1:4 1:2
010 1:8 1:4
011 1:16 1:8
100 1:32 1:16
101 1:64 1:32
110 1:128 1:64
111 1:256 1:128
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2223 INTCON Register

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 appropri-
ate interrupt flag bits are clear prior to
enabling an interrupt.

The INTCON register is a readable and writable
register, which contains the various enable and flag bits
for TMRO register overflow, PORTB change and
external RBO/INT/SEGO pin interrupts.

REGISTER 2-3: INTCON: INTERRUPT CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-x
GIE PEIE TOIE INTE RBIE(™ TOIF(2) INTF RBIF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 GIE: Global Interrupt Enable bit

1 = Enables all unmasked interrupts
0 = Disables all interrupts
bit 6 PEIE: Peripheral Interrupt Enable bit
1 = Enables all unmasked peripheral interrupts
0 = Disables all peripheral interrupts
bit 5 TOIE: Timer0 Overflow Interrupt Enable bit
1 = Enables the TimerO0 interrupt
0 = Disables the TimerO0 interrupt
bit 4 INTE: RBO/INT External Interrupt Enable bit
1 = Enables the RBO/INT external interrupt
0 = Disables the RBO/INT external interrupt
bit 3 RBIE: PORTB Change Interrupt Enable bit("
1 = Enables the PORTB change interrupt
0 = Disables the PORTB change interrupt
bit 2 TOIF: Timer0 Overflow Interrupt Flag bit(@)
1 = TMRO register has overflowed (must be cleared in software)
0 = TMRO register did not overflow
bit 1 INTF: RBO/INT External Interrupt Flag bit
1 = The RBO/INT external interrupt occurred (must be cleared in software)
0 = The RBO/INT external interrupt did not occur

bit 0 RBIF: PORTB Change Interrupt Flag bit
1 = When at least one of the PORTB general purpose /O pins changed state (must be cleared in soft-
ware)

0 = None of the PORTB general purpose I/O pins have changed state

Note 1: The appropriate bits in the IOCB register must also be set.

2: TOIF bit is set when TimerO rolls over. TimerQ is unchanged on Reset and should be initialized before
clearing TOIF bit.
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2224 PIE1 Register

The PIE1 register contains the interrupt enable bits, as Note: Bit PEIE of the INTCON register must be
shown in Register 2-4. set to enable any peripheral interrupt.

REGISTER 2-4: PIE1: PERIPHERAL INTERRUPT ENABLE REGISTER 1

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
EEIE ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMR1IE
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared x = Bit is unknown
bit 7 EEIE: EE Write Complete Interrupt Enable bit

1 = Enables the EE write complete interrupt
0 = Disables the EE write complete interrupt

bit 6 ADIE: A/D Converter (ADC) Interrupt Enable bit
1 = Enables the ADC interrupt
0 = Disables the ADC interrupt

bit 5 RCIE: USART Receive Interrupt Enable bit

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

bit 4 TXIE: USART Transmit Interrupt Enable bit

1 = Enables the USART transmit interrupt
0 = Disables the USART transmit interrupt

bit 3 SSPIE: Synchronous Serial Port (SSP) Interrupt Enable bit
1 = Enables the SSP interrupt
0 = Disables the SSP interrupt

bit 2 CCP1IE: CCP1 Interrupt Enable bit

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

bit 1 TMR2IE: TMR2 to PR2 Match Interrupt Enable bit
1 = Enables the Timer2 to PR2 match interrupt
0 = Disables the Timer2 to PR2 match interrupt
bit 0 TMRA1IE: Timer1 Overflow Interrupt Enable bit

1 = Enables the Timer1 overflow interrupt
0 = Disables the Timer1 overflow interrupt
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2225 PIE2 Register

The PIEZ2 register contains the interrupt enable bits, as
shown in Register 2-5.

Note:

Bit PEIE of the INTCON register must be
set to enable any peripheral interrupt.

REGISTER 2-5: PIE2: PERIPHERAL INTERRUPT ENABLE REGISTER 2
R/W-0 R/W-0 R/W-0 R/W-0 u-0 R/W-0 U-0 R/W-0
OSFIE C2IE C1IE LCDIE — LVDIE — ccpr2iet
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 7 OSFIE: Oscillator Fail Interrupt Enable bit
1 = Enables oscillator fail interrupt
0 = Disables oscillator fail interrupt

bit 6 C2IE: Comparator C2 Interrupt Enable bit
1 = Enables Comparator C2 interrupt
0 = Disables Comparator C2 interrupt

bit 5 C1IE: Comparator C1 Interrupt Enable bit
1 = Enables Comparator C1 interrupt
0 = Disables Comparator C1 interrupt

bit 4 LCDIE: LCD Module Interrupt Enable bit
1 = Enables LCD interrupt
0 = Disables LCD interrupt

bit 3 Unimplemented: Read as ‘0’

bit 2 LVDIE: Low Voltage Detect Interrupt Enable bit
1 = Enables LVD Interrupt
0 = Disables LVD Interrupt

bit 1 Unimplemented: Read as ‘0’

bit O CCP2IE: CCP2 Interrupt Enable bit(")
1 = Enables the CCP2 interrupt
0 = Disables the CCP2 interrupt

Note 1: PIC16F914/PIC16F917/PIC16F946 only.
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2226 PIR1 Register

The PIR1 register contains the interrupt flag bits, as Note: Interrupt flag bits are set when an interrupt
shown in Register 2-6. 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.

REGISTER 2-6: PIR1: PERIPHERAL INTERRUPT REQUEST REGISTER 1

R/W-0 R/W-0 R-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0
EEIF ADIF RCIF TXIF | SSPIF ‘ CCP1IF TMR2IF TMR1IF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 EEIF: EE Write Operation Interrupt Flag bit

1 = The write operation completed (must be cleared in software)
0 = The write operation has not completed or has not started
bit 6 ADIF: A/D Converter Interrupt Flag bit
1 = A/D conversion complete (must be cleared in software)
0 = A/D conversion has not completed or has not been started
bit 5 RCIF: USART Receive Interrupt Flag bit
1 = The USART receive buffer is full (cleared by reading RCREG)
0 = The USART receive buffer is not full
bit 4 TXIF: USART Transmit Interrupt Flag bit
1 = The USART transmit buffer is empty (cleared by writing to TXREG)
0 = The USART transmit buffer is full
bit 3 SSPIF: Synchronous Serial Port (SSP) Interrupt Flag bit
1 = The Transmission/Reception is complete (must be cleared in software)
0 = Waiting to Transmit/Receive
bit 2 CCP1IF: CCP1 Interrupt Flag bit
Capture mode:

1 = A TMR1 register capture occurred (must be cleared in software)
0 = No TMRH1 register capture occurred
Compare mode:
1 = A TMR1 register compare match occurred (must be cleared in software)
0 = No TMRH1 register compare match occurred
PWM mode
Unused in this mode
bit 1 TMR2IF: Timer2 to PR2 Interrupt Flag bit
1 = A Timer2 to PR2 match occurred (must be cleared in software)
0 = No Timer2 to PR2 match occurred
bit 0 TMRA1IF: Timer1 Overflow Interrupt Flag bit

1 = The TMRH1 register overflowed (must be cleared in software)
0 = The TMR1 register did not overflow
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2227 PIR2 Register

The PIR2 register contains the interrupt flag bits, as Note: Interrupt flag bits are set when an interrupt
shown in Register 2-7. 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.

REGISTER 2-7: PIR2: PERIPHERAL INTERRUPT REQUEST REGISTER 2

R/W-0 R/W-0 R/W-0 R/W-0 u-0 R/W-0 U-0 R/W-0
OSFIF C2IF C1IF LcoF | — | LVDIF — ccpaiF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 OSFIF: Oscillator Fail Interrupt Flag bit

1 = System oscillator failed, clock input has changed to INTOSC (must be cleared in software)
0 = System clock operating
bit 6 C2IF: Comparator C2 Interrupt Flag bit
1 = Comparator output (C20UT bit) has changed (must be cleared in software)
0 = Comparator output (C20UT bit) has not changed
bit 5 C1IF: Comparator C1 Interrupt Flag bit
1 = Comparator output (C1OUT bit) has changed (must be cleared in software)
0 = Comparator output (C1OUT bit) has not changed
bit 4 LCDIF: LCD Module Interrupt bit
1 = LCD has generated an interrupt
0 = LCD has not generated an interrupt
bit 3 Unimplemented: Read as ‘0’
bit 2 LVDIF: Low Voltage Detect Interrupt Flag bit
1 = LVD has generated an interrupt
0 = LVD has not generated an interrupt
bit 1 Unimplemented: Read as ‘0’
bit O CCP2IF: CCP2 Interrupt Flag bit(")
Capture Mode:

1 = A TMR1 register capture occurred (must be cleared in software)
0 = No TMRH1 register capture occurred

Compare Mode:
1 = A TMR1 register compare match occurred (must be cleared in software)
0 = No TMRH1 register compare match occurred

PWM mode:
Unused in this mode

Note 1: PIC16F914/PIC16F917/PIC16F946 only.
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2228 PCON Register

The Power Control (PCON) register contains flag bits
(see Table 16-2) to differentiate between a:

« Power-on Reset (POR)

« Brown-out Reset (BOR)

» Watchdog Timer Reset (WDT)

« External MCLR Reset

The PCON register also controls the software enable of
the BOR.

The PCON register bits are shown in Register 2-8.

REGISTER 2-8: PCON: POWER CONTROL REGISTER
u-0 U-0 uU-0 R/W-1 U-0 uU-0 R/W-0 R/W-x
— — — SBOREN — — POR BOR
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

0 = A Power-on Reset occurred (must be set in software after a Power-on Reset occurs)

0 = A Brown-out Reset occurred (must be set in software after a Power-on Reset or Brown-out Reset

bit 7-5 Unimplemented: Read as ‘0’

bit 4 SBOREN: Software BOR Enable bit(")
1 = BOR enabled
0 = BOR disabled

bit 3-2 Unimplemented: Read as ‘0’

bit 1 POR: Power-on Reset Status bit
1 = No Power-on Reset occurred

bit 0 BOR: Brown-out Reset Status bit
1 = No Brown-out Reset occurred

occurs)
Note 1:

Set BOREN<1:0> = 01 in the Configuration Word register for this bit to control the BOR.

© 2007 Microchip Technology Inc.
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2.3 PCL and PCLATH

The Program Counter (PC) is 13 bits wide. The low
byte comes from the PCL register, which is a readable
and writable register. The high byte (PC<12:8>) is not
directly readable or writable and comes from
PCLATH. On any Reset, the PC is cleared. Figure 2-6
shows the two situations for the loading of the PC. The
upper example in Figure 2-6 shows how the PC is
loaded on a write to PCL (PCLATH<4:0> — PCH).
The lower example in Figure 2-6 shows how the PC is
loaded during a CALL or GOTO instruction
(PCLATH<4:3> — PCH).

FIGURE 2-6: LOADING OF PC IN
DIFFERENT SITUATIONS
PCH PCL
Instruction with
12 8 7 0 PCL as
PC | § | Destination
ﬁ PCLATH<4:0> 8
5 ALU Result
LTI
PCLATH
PCH PCL
12 1110 8 7 0
pC| | § | GOTO, CALL
E PCLATH<4:3> ﬁ 11
2 OPCODE<10:0>
LIT T TTT]
PCLATH

2.31 COMPUTED coTo

A computed GOTO is accomplished by adding an offset
to the program counter (ADDWF PCL). When perform-
ing 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 the
Application Note AN556, “Implementing a Table Read”
(DS00556).

232 STACK

The PIC16F91X/946 family has an 8-level x 13-bit wide
hardware stack (see Figures 2-1 and 2-2). The stack
space is not part of either program or data space and
the Stack Pointer is not readable or writable. The PC is
PUSHed onto the stack when a CALL instruction is
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. This means that
after the stack has been PUSHed eight times, the ninth
PUSH overwrites the value that was stored from the
first PUSH. The tenth PUSH overwrites the second
PUSH (and so on).

Note 1: There are no Status bits to indicate stack
overflow or stack underflow conditions.

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

24 Program Memory Paging

All PIC16F91X/946 devices are capable of addressing
a continuous 8K word block of program memory. The
CALL and GOTO instructions provide only 11 bits of
address to allow branching within any 2K program
memory page. When doing a CALL or GOTO instruction,
the upper 2 bits of the address are provided by
PCLATH<4:3>. When doing a CALL or GOTO instruc-
tion, the user must ensure that the page select bits are
programmed so that the desired program memory
page is addressed. If a return from a CALL instruction
(orinterrupt) is executed, the entire 13-bit PC is POPed
off the stack. Therefore, manipulation of the
PCLATH<4:3> bits is not required for the RETURN
instructions (which POPs the address from the stack).

Note: The contents of the PCLATH register are
unchanged after a RETURN or RETFIE
instruction is executed. The user must
rewrite the contents of the PCLATH regis-
ter for any subsequent subroutine calls or

GOTO instructions.

Example 2-1 shows the calling of a subroutine in
page 1 of the program memory. This example assumes
that PCLATH is saved and restored by the Interrupt
Service Routine (if interrupts are used).

EXAMPLE 2-1: CALL OF A SUBROUTINE

IN PAGE 1 FROM PAGE 0

ORG 500h
BCF PCLATH, 4
BSF PCLATH, 3 ;Select page 1
; (800h-FFFh)
CALL SUB1_P1 ;Call subroutine in
: ;page 1 (800h-FFFh)

ORG 900h ;page 1 (800h-FFFh)

SUB1_P1
;called subroutine
;page 1 (800h-FFFh)

RETURN ;return to
;Call subroutine
;in page 0
; (000h-7FFh)

DS41250F-page 40
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25 Indirect Addressing, INDF and EXAMPLE 2-2: INDIRECT ADDRESSING
FSR Registers MOVLW 020h  ;initialize pointer
MOVWF FSR ;to RAM
The INDF register is not a physical register. Addressing BANKISEL 020h
the INDF register will cause indirect addressing. NEXT CLRF INDF ;clear INDF register
Indirect addressing is possible by using the INDF INCF FSR  jinc pOinEer
register. Any instruction using the INDF register BTESS FSR,4 ;all done:
tually accesses data pointed to by the File Select eoTo NEXT jno clear next
ac . y . . L . CONTINUE ;yes continue
Register (FSR). Reading INDF itself indirectly will
produce 00h. Writing to the INDF register indirectly
results in a no operation (although Status bits may be
affected). An effective 9-bit address is obtained by
concatenating the 8-bit FSR register and the IRP bit of
the STATUS register, as shown in Figure 2-7.
A simple program to clear RAM location 020h-02Fh
using indirect addressing is shown in Example 2-2.
FIGURE 2-7: DIRECT/INDIRECT ADDRESSING PIC16F91X/946
Direct Addressing Indirect Addressing
RP1 RPO 6 From Opcode 0 IRP 7 File Select Register 0
\ J U v J - v A v J
Bank Select Location Select Bank Select Location Select
- | > 00 01 10 1 </

00h 180h

Data
Memory
7Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3
Note: For memory map detail, see Figures 2-3 and 2-4.
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NOTES:
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3.0 1/OPORTS

The PIC16F913/914/916/917/946 family of devices
includes several 8-bit PORT registers along with their
corresponding TRIS registers and one four bit port:

* PORTA and TRISA

« PORTB and TRISB

*« PORTC and TRISC

« PORTD and TRISD(")

* PORTE and TRISE

+ PORTF and TRISF(2)

+ PORTG and TRISG(?

Note 1: PIC16F914/917 and PIC16F946 only.
2: PIC16F946 only

PORTA, PORTB, PORTC and RE3/MCLR/VPP are
implemented on all devices. PORTD and RE<2:0>
(PORTE) are implemented only on the PIC16F914/917
and PIC16F946. RE<7:4> (PORTE), PORTF and
PORTG are implemented only on the PIC16F946.

REGISTER 3-1:

3.1 ANSEL Register

The ANSEL register (Register 3-1) is used to configure
the Input mode of an I/O pin to analog. Setting the
appropriate ANSEL 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 ANSEL bits has no affect on digital out-
put 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.

ANSEL: ANALOG SELECT REGISTER

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
ANS7(2) ANS6(2) ANS5(2) ANS4 ANS3 ANS2 ANS1 ANSO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-0 ANS<7:0>: Analog Select bits

Analog select between analog or digital function on pins AN<7:0>, respectively.
1 = Analog input. Pin is assigned as analog input“).
0 = Digital I/0. Pin is assigned to port or special function.

Note 1: Setting a pin to an analog input automatically disables the digital input circuitry, weak pull-ups, and
interrupt-on-change if available. The corresponding TRIS bit must be set to Input mode in order to allow

external control of the voltage on the pin.
2: PIC16F914/PIC16F917/PIC16F946 only.

© 2007 Microchip Technology Inc.

DS41250F-page 43



PIC16F913/914/916/917/946

3.2 PORTA and TRISA Registers

PORTA is a 8-bit wide, bidirectional port. The
corresponding data direction register is TRISA
(Register 3-3). Setting a TRISA bit (= 1) will make the
corresponding PORTA pin an input (i.e., put the
corresponding output driver in a High-Impedance mode).
Clearing a TRISA bit (= 0) will make the corresponding
PORTA pin an output (i.e., put the contents of the output
latch on the selected pin). Example 3-1 shows how to
initialize PORTA.

Five of the pins of PORTA can be configured as analog
inputs. These pins, RA5 and RA<3:0>, are configured
as analog inputs on device power-up and must be
reconfigured by the user to be used as 1/O’s. This is
done by writing the appropriate values to the CMCONO
and ANSEL registers (see Example 3-1).

The TRISA register controls the direction of the PORTA
pins, even when they are being used as analog inputs.
The user must ensure the bits in the TRISA register are
maintained set when using them as analog inputs. 1/0
pins configured as analog inputs always read ‘0’.

Note 1: The CMCONO and ANSEL registers must
be initialized to configure an analog
channel as a digital input. Pins configured
as analog inputs will read ‘0.

EXAMPLE 3-1: INITIALIZING PORTA
BANKSEL PORTA ;
CLRF PORTA  ;Init PORTA

BANKSEL TRISA ;
MOVLW 07h ;Set RA<2:0> to

Reading the PORTA register (Register 3-2) reads the MOVWE  CMCONO  ;digital 1/0 .
. Lo . . i CLRF ANSEL ;Make all PORTA digital I/O
status of the pins, whereas writing to it will write to the .
ORT latch. All write operations are read-modify-write MOVLW - OFOR jset RA<7id> as inputs
P . i P . MOVWF TRISA ;and set RA<3:0> as outputs
operations. Therefore, a write to a port means that the
port pins are read, this value is modified and then written
to the PORT data latch.
REGISTER 3-2: PORTA: PORTA REGISTER
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
Ra7 | R | RAs | RA4 |  RA3 RA2 RAT RAO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-0 RA<7:0>: PORTA 1/O Pin bits
1 = Port pin is >VIH min.
0 = Port pin is <VIL max.
REGISTER 3-3: TRISA: PORTA TRI-STATE REGISTER
R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
TRISA7 | TRISA6 | TRISAs | TRISA4 | TRISA3 |  TRISA2 TRISA1 TRISAO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 7-0 TRISA<7:0>: PORTA Tri-State Control bits
1 = PORTA pin configured as an input (tri-stated)
0 = PORTA pin configured as an output
Note 1: TRISA<7:6> always reads ‘1’ in XT, HS and LP Oscillator modes.
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3.2.1 PIN DESCRIPTIONS AND
DIAGRAMS

Each PORTA pin is multiplexed with other functions. The

pins and their combined functions are briefly described

here. For specific information about individual functions,
refer to the appropriate section in this data sheet.

3.2.1.1 RAO/ANO/C1-/SEG12

Figure 3-1 shows the diagram for this pin. The RAO pin
is configurable to function as one of the following:

* ageneral purpose I/O

* an analog input for the ADC

* an analog input for Comparator C1

« an analog output for the LCD

FIGURE 3-1: BLOCK DIAGRAM OF RA0O
Data Bus |
WR PORTA CK~_Q VDD
Data Latch %
e— D Q XI
I/0 Pin
WR TRISA CK~_Q VSs
TRIS Latch
Analog Input or
0—{ SE12 and LCDEN
TTL
RD TRISA SE12 and LCDEN Input Buffer
RD PORTA
SEG12 SE12 and LCDEN - - - - ;
To A/D Converter and Comparator

© 2007 Microchip Technology Inc.
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3.2.1.2 RA1/AN1/C2-/ISEG7

Figure 3-2 shows the diagram for this pin. The RA1 pin
is configurable to function as one of the following:

» ageneral purpose I/O

* an analog input for the ADC

* an analog input for Comparator C2

» an analog output for the LCD

FIGURE 3-2: BLOCK DIAGRAM OF RA1
Data Bus |
WR PORTA —
—t CK™_Q VDD
Data Latch ?
o— D Q E
I/O Pin
WR TRISA CK~_Q vis
TRIS Latch
Analog Input or
"—§ SE7 and LCDEN
TTL
RD TRISA SE7 and LCDEN Input Buffer
RD PORTA
SEG7 SE7 and LCDEN - - - - i
To A/D Converter and Comparator

A
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3.2.1.3 RA2/AN2/C2+/VREF-/COM2

Figure 3-3 shows the diagram for this pin. The RA2 pin
is configurable to function as one of the following:

» ageneral purpose |/O

* an analog input for the ADC

* an analog input for Comparator C2

» avoltage reference input for the ADC

» an analog output for the LCD

FIGURE 3-3: BLOCK DIAGRAM OF RA2
Data Bus D Q {/0/
— VDD
WR PORTA CK~_3
Data Latch % {E
+D Q /0 Pin
— Vss
WR TRISA | CK_Q
TRIS Latch Analog Input or
LCDEN and
¢ LMUX<1:0> = 1X
RD TRISA LCDEN and TTL
LMUX<1:0> = 1X Input Buffer
RD PORTA
LCDEN and
COM?2 LMUX<1:0> = 1X |
o
__To A/D Converter and Comparator
To A/D Module VREF- Input
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3.21.4 RA3/AN3/C1+/VREF+/COM3/SEG15

Figure 3-4 shows the diagram for this pin. The RA3 pin
is configurable to function as one of the following:

* ageneral purpose input

* an analog input for the ADC

* an analog input from Comparator C1

» avoltage reference input for the ADC

 analog outputs for the LCD

FIGURE 3-4: BLOCK DIAGRAM OF RA3
Data Bus D Q {//
WR PORTA VDD

—1 CK~_Q

Data Latch % 4{Z|

D Q

I/0 Pin

WR TRISA Vss

CK™_Q
TRIS Latch

Analog Input or
LCDMODE_EN(2

|

TTL
2
RDTRISA | | CDMODE_EN®) Input Buffer
RD PORTA
) LCDMODE_EN®@. _ _.
com3M or SEG15 o

To A/D Converter and Comparator

A

To A/D Module VREF+ Input

Note 1: PIC16F913/916 only.

2: For the PIC16F913/916, the LCDMODE_EN = LCDEN and (SE15 or LMUX<1:0> = 11).
For the PIC16F914/917 and PIC16F946, the LCDMODE_EN = LCDEN and SE15.
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3.2.1.5

RA4/C10UT/TOCKI/SEG4

Figure 3-5 shows the diagram for this pin. The RA4 pin
is configurable to function as one of the following:

» ageneral purpose |/O
 adigital output from Comparator C1
 a clock input for Timer0
» an analog output for the LCD

FIGURE 3-5: BLOCK DIAGRAM OF RA4
CM<2:0>=1100r101
C10UT
—1
Data Bus D Q 0
VDD
WR PORTA I K~ 3 %
Data Latch XI
o— D Q % 1/0O Pin
WR TRISA Vs
——t CKX_Q
TRIS Latch
SE4 and LCDEN
\'\ TTL
RD TRISA SE4 and LCDEN

Input Buffer

RD PORTA

TOCKI

Schmitt Trigger

/_H SE4 and LCDEN
e
]

SE4 and LCDEN - - - -

SEG4

oo

© 2007 Microchip Technology Inc.
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3.2.1.6 RA5/AN4/C20UT/SS/SEG5

Figure 3-6 shows the diagram for this pin. The RA5 pin
is configurable to function as one of the following:

» ageneral purpose I/O

 adigital output from Comparator C2

* a slave select input

» an analog output for the LCD

* an analog input for the ADC

FIGURE 3-6: BLOCK DIAGRAM OF RA5

CM<2:0>=1100r101

Cc20UT ]
Data Bus D Q 0
VDD
WR PORTA —
———) CK™_Q %
Data Latch ‘X’
D Q— 1/0 Pin
Vss
WR TRISA —
CK™_Q
TRIS Lateh Analog Input or
r j:>— SE5 and LCDEN
TTL
RD TRISA SE5 and LCDEN Input Buffer

RD PORTA

To SS Input
- SE5 and LCDEN - - -.
SEG5 o

To A/D Converter

-
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3.21.7 RA6/0SC2/CLKOUT/T10SO

Figure 3-7 shows the diagram for this pin. The RAG pin
is configurable to function as one of the following:

» ageneral purpose |/O

« a crystal/resonator connection

* a clock output

» a Timer1 oscillator connection

FIGURE 3-7: BLOCK DIAGRAM OF RA6
Fosc = 1x1
From OSCA1 Osgilla;or
CLKOUT (Fosc/4) 11 Circuit
Data Bus D Q 0
VDD
WR PORTA I CK~_ G %
Data Latch KI
D Q- % 1/0 Pin
Vss
WR TRISA cK~_Q
;TRIS Latch Fosc = 00x, 010
Fosc = 00x, 010 or TTIOSCEN
or TTOSCEN
p @7 TTL
Input Buffer
RD TRISA
RD PORTA
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3.2.1.8 RA7/0SC1/CLKIN/T10SI

Figure 3-8 shows the diagram for this pin. The RA7 pin
is configurable to function as one of the following:

» ageneral purpose I/O

« a crystal/resonator connection

* aclock input

» a Timer1 oscillator connection

FIGURE 3-8: BLOCK DIAGRAM OF RA7
To OSC2 | Oscillator
Circuit
| Fosc =011
Data Bus D Q
WR PORTA —
——t CK™_Q
VDD
Data Latch
oD Q XI
1/0 Pin
WR TRISA —
—] CKX_ Q| Vss
Fosc = 10x
FOSC = 10x TRIS Latch
' TTL
ﬁ\ Input Buffer
RD TRISA
RD PORTA
TABLE 3-1: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA
. . . . . . . . Value on Value on all
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 POR, BOR other Resets
ADCONO ADFM VCFG1 VCFGO CHS2 CHS1 CHSO GO/DONE | ADON 0000 0000 0000 0000
ANSEL ANS7 ANS6 ANS5 ANS4 ANS3 ANS2 ANS1 ANSO 1111 1111 1111 1111
CMCONO C20UT C10UT C2INV C1INV CIs CM2 CM1 CMO 0000 0000 0000 0000
CONFIG(M CPD cP MCLRE | PWRTE | WDTE FOSC2 | FOSC1 | FOSCO — —
OPTION_REG RBPU INTEDG TOCS TOSE PSA PS2 PS1 PS0O 1111 1111 1111 1111
LCDCON LCDEN SLPEN WERR VLCDEN CS1 CS0 LMUX1 LMUXO0 0001 0011 0001 0011
LCDSEO SE7 SE6 SE5 SE4 SE3 SE2 SE1 SEO 0000 0000 uuuu uuuu
LCDSE1 SE15 SE14 SE13 SE12 SE11 SE10 SE9 SE8 0000 0000 uuuu uuuu
PORTA RA7 RA6 RA5 RA4 RA3 RA2 RA1 RAO XXXX XXXX uuuu uuuu
SSPCON WCOL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPMO 0000 0000 0000 0000
T1CON T1GINV | TMR1GE | TICKPS1 | TICKPSO | TTOSCEN | T1ISYNC | TMR1CS | TMR1ON 0000 0000 uuuu uuuu
TRISA TRISA7 TRISA6 TRISAS TRISA4 TRISA3 TRISA2 TRISA1 TRISAO 1111 1111 1111 1111
Legend: x = unknown, u = unchanged, - = unimplemented locations read as ‘0’. Shaded cells are not used by PORTA.

Note 1:  See Configuration Word register (CONFIG) for operation of all register bits.
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3.3 PORTB and TRISB Registers

PORTB is an 8-bit bidirectional 1/0 port. All PORTB pins
can have a weak pull-up feature, and PORTB<7:4>
implements an interrupt-on-input change function.

PORTB is also used for the Serial Flash programming
interface and ICD interface.

EXAMPLE 3-2: INITIALIZING PORTB

BANKSEL PORTB H

CLRF PORTB ;Init PORTB
BANKSEL TRISB
MOVLW OFFh
MOVWF TRISB

;Set RB<7:0> as inputs

34 Additional PORTB Pin Functions

RB<7:6> are used as data and clock signals, respectively,
for both serial programming and the in-circuit debugger
features on the device. Also, RBO can be configured as an
external interrupt input.

3.4.1 WEAK PULL-UPS

Each of the PORTB pins has an individually configurable
internal weak pull-up. Control bits WPUB<7:0> enable or
disable each pull-up. Refer to Register 3-7. Each weak
pull-up is automatically turned off when the port pin is
configured as an output. The pull-ups are disabled on a
Power-on Reset by the RBPU bit of the OPTION
register.

3.4.2 INTERRUPT-ON-CHANGE

Four of the PORTB pins are individually configurable
as an interrupt-on-change pin. Control bits IOCB<7:4>
enable or disable the interrupt function for each pin.
Refer to Register 3-6. The interrupt-on-change feature
is disabled on a Power-on Reset.

For enabled interrupt-on-change pins, the values are
compared with the old value latched on the last read of
PORTB. The ‘mismatch’ outputs of the last read are
OR’d together to set the PORTB Change Interrupt flag
bit (RBIF) in the INTCON register (Register 2-3).

This interrupt can wake the device from Sleep. The user,
in the Interrupt Service Routine, clears the interrupt by:

a) Any read or write of PORTB. This will end the
mismatch condition.

b) Clear the flag bit RBIF.

A mismatch condition will continue to set flag bit RBIF.
Reading or writing PORTB will end the mismatch con-
dition and allow flag bit RBIF to be cleared. The latch
holding the last read value is not affected by a MCLR
nor Brown-out Reset. After these Resets, the RBIF flag
will continue to be set if a mismatch is present.

Note: If a change on the I/O pin should occur
when the read operation is being executed
(start of the Q2 cycle), then the RBIF
interrupt flag may not get set. Furthermore,
since a read or write on a port affects all bits
of that port, care must be taken when using
multiple pins in Interrupt-on-change mode.
Changes on one pin may not be seen while
servicing changes on another pin.

© 2007 Microchip Technology Inc.
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REGISTER 3-4: PORTB: PORTB REGISTER

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
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’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared x = Bit is unknown
bit 7-0 RB<7:0>: PORTB I/O Pin bits

1 = Port pin is >VIH min.
0 = Port pin is <VIL max.

REGISTER 3-5:  TRISB: PORTB TRI-STATE REGISTER

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-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’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
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 3-6: 10CB: PORTB INTERRUPT-ON-CHANGE REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 u-0 u-0 U-0 U-0
I0CB7 |I0CB6 IOCB5 I0CB4 — — — —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-4 I0CB<7:4>: Interrupt-on-Change bits

1 = Interrupt-on-change enabled
0 = Interrupt-on-change disabled

bit 3-0 Unimplemented: Read as ‘0’
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REGISTER 3-7: WPUB: WEAK PULL-UP REGISTER

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

Legend:

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

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared x = Bit is unknown
bit 7-0 WPUB<7:0>: Weak Pull-up Register bits

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

Note 1: Global RBPU must be enabled for individual pull-ups to be enabled.
2: The weak pull-up device is automatically disabled if the pin is in Output mode (TRISx<7:0> = 0).
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343 PIN DESCRIPTIONS AND
DIAGRAMS

Each PORTB pin is multiplexed with other functions. The

pins and their combined functions are briefly described

here. For specific information about individual functions

such as the LCD or interrupts, refer to the appropriate

section in this data sheet.

3.4.3.1 RBO/INT/SEGO

Figure 3-9 shows the diagram for this pin. The RBO pin
is configurable to function as one of the following:

* ageneral purpose I/O
* an external edge triggered interrupt
* an analog output for the LCD

FIGURE 3-9:

BLOCK DIAGRAM OF RB<3:0>

3.4.3.2 RB1/SEG1

Figure 3-9 shows the diagram for this pin. The RB1 pin
is configurable to function as one of the following:

» ageneral purpose /O
» an analog output for the LCD

3433 RB2/SEG2

Figure 3-9 shows the diagram for this pin. The RB2 pin
is configurable to function as one of the following:

» ageneral purpose I/O
» an analog output for the LCD

3.4.3.4 RB3/SEG3

Figure 3-9 shows the diagram for this pin. The RB3 pin
is configurable to function as one of the following:

» ageneral purpose /O
» an analog output for the LCD

WPUB<3:0>

SE<3:0> VDD

RBPU

Data Bus

D Q

AtCKX

Data Latch
o— D Q

WR PORTB

WRTRISB | | o

TRIS Latch

I;,Weak VDD
9 Pull-up %

1/0 Pin

Vss

.._§_

RD TRISB

SE<3:0> and LCDEN

TTL
Input Buffer

RD PORTB

SEG<3:0>

SE<3:0> and LCDEN - - -

Note 1: RBO only.

Schmitt Trigger

O

INT (_~p—— SE0and LCDEN
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3.4.3.5 RB4/COMO

Figure 3-10 shows the diagram for this pin. The RB4
pin is configurable to function as one of the following:

» ageneral purpose |/O
» an analog output for the LCD

FIGURE 3-10: BLOCK DIAGRAM OF RB4

WPUB<4> LCDEN Voo

q P Pull-up

D Q | @

I/0 Pin

Data Bus

WR PORTB CK~_

Data Latch
D Q

Vss

T

WR TRISB

CK™_
TRIS Latch

LCDEN

RD TRISB |

TTL
Input Buffer

RD PORTB |

q

WR IOC

A A

Ol

RD I0C

EN Q1
Set RBIF

LCDEN
From other N Q D

R RB<7:4> pins
;I EN |— RD PORTB
Write ‘0’ to RBIF

Interrupt-on-
Charﬁ)ge Q

!

COMO LCDEN - - - :
oo
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3.4.3.6 RB5/COM1

Figure 3-11 shows the diagram for this pin. The RB5
pin is configurable to function as one of the following:

» ageneral purpose I/O
» an analog output for the LCD

FIGURE 3-11: BLOCK DIAGRAM OF RB5
WPUB<5> LCDEN and LMUX<1:0> # 00 VDD
9 Pull-up %
Data Bus D Q | X
WRPORTB | | O Pin
Vss
Data Latch
o—D Q
WR TRISB CK~
TRIS Latch o
LCDEN and LMUX<1:0> # 00
RD TRISB 'f g L
Input Buffer
RD PORTB | g
D Qr—
|
WR IOC _
CK™_Q
— Q D
RD 10C LCDEN and
LMUX<1:0> # 00 EN Qi
nterruot Set RBIF
nterrupt-on-
Chaﬁge -—Q S
From other < Q D
R RB<7:4> pins
j EN |— RD PORTB
Write ‘0’ to RBIF
COMT LCDEN and LMUX<1:0> # 00 - - - -
oo
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3.4.3.7 RB6/ICSPCLK/ICDCK/SEG14
Figure 3-12 shows the diagram for this pin. The RB6
pin is configurable to function as one of the following:
» ageneral purpose |/O

« an In-Circuit Serial Programming™ clock

* an ICD clock input

» an analog output for the LCD

FIGURE 3-12: BLOCK DIAGRAM OF RB6

Program Mode/ICD Mode
WPUB<6> \/DD

RBPU Weak
9 P
SE14 and LCDEN Pull-up VDD

Data Bus D Q | . ? @

Q

(o]

I/O Pin
WR PORTB CKL
Vss

Data Latch

D Q
WR TRISB CK ~_ SE14 and LCDEN
TRIS Latch TTL
Input Buffer

RD TRISB ~

RD PORTB | ]i

D Qr
*—|
WR IOC _
CK™_Q
—Q D
RD IOC EN Q1
Set RBIF /—';7
Interrupt-on-< Q S _< 7E Program Mode/ICD
Char?ge — g

From other G: Q D

R RB<7:4> pins
j EN — RD PORTB
Write ‘0’ to RBIF
Schmitt Trigger
ICSPCLK /_’o— Program Mode or ICD Mode or (SE14 and LCDEN)
|

SE14 and LCDEN - - - -
SEG14 s

© 2007 Microchip Technology Inc. DS41250F-page 59



PIC16F913/914/916/917/946

3438 RB7/ICSPDAT/ICDDAT/SEG13
Figure 3-13 shows the diagram for this pin. The RB7
pin is configurable to function as one of the following:
» ageneral purpose I/O

» an In-Circuit Serial Programming™ |/O

* an ICD data I/O

» an analog output for the LCD

FIGURE 3-13: BLOCK DIAGRAM OF RB7
PORT/Program Mode/ICD
ICSPDAT
RBPU 9 VDo
SE13 and LCDEN 9 Weak
9 Pull-up VDD
Data Bus 1 | %
D Q
0 5 I/’§|3in
WR PORTB
CK~_ vis
Data Latch
+{D Q
WR TRISB CK~L
TRIS Latch 0
PGD DRVEN 4D
1 TTL
J Input Buffer

J ¢ SE13 and LCDEN
RD TRISB j
RD PORTB | ]/\I

D Q7
WR I0OC —
CK™_Q EN Q1
RD IOC
Program
Mode/ICD
|

Set RBIF

Interrupt-on-<— Q S < ’E
Charﬁ)ge _P:\ :X
From other ; Q D

R RB<7:4> pins
EN |— RD PORTB

Write ‘0’ to RBIF

Schmitt Trigger
ICSPDAT/ICDDAT /_’o— Program Mode or ICD Mode or (SE13 and LCDEN)
|

SE13 and LCDEN - -
SEG13 oo
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TABLE 3-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 P‘g,'_\}jeB‘(’)“R xzt‘fé’e"s::'s
INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 0000 000x
10CB 10CB7 10CB6 10CB5 10CB4 — — — — 0000 ---- 0000 ----
LCDCON LCDEN SLPEN WERR VLCDEN CS1 CSo0 LMUX1 LMUXO0 0001 0011 0001 0011
LCDSEO SE7 SE6 SE5 SE4 SE3 SE2 SE1 SEO 0000 0000 uuuu uuuu
LCDSE1 SE15 SE14 SE13 SE12 SE11 SE10 SE9 SE8 0000 0000 uuuu uuuu
OPTION_REG | RBPU INTEDG TOCS TOSE PSA PS2 PS1 PSO 1111 1111 1111 1111
PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO XXXX XXXX uuuu uuuu
TRISB TRISB7 | TRISB6 | TRISB5S TRISB4 TRISB3 TRISB2 TRISB1 TRISBO 1111 1111 1111 1111
WPUB WPUB7 | WPUB6 | WPUBS5 WPUB4 WPUB3 WPUB2 WPUB1 WPUBO 1111 1111 1111 1111
Legend: x = unknown, u = unchanged, - = unimplemented locations read as ‘0’. Shaded cells are not used by PORTB.

Note 1:  This register is only initialized by a POR or BOR reset and is unchanged by other Resets.
2:  Configuration Word register bit DEBUG <12> is also associated with PORTB. See Register 16-1 for more details.
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3.5 PORTC and TRISC Registers EXAMPLE 3-3: INITIALIZING PORTC

PORTC is an 8-bit bidirectional port. PORTC is BANKSEL PORTC i

multiplexed with several peripheral functions. PORTC CLRE PORTC iInit PORTC

ins have Schmitt Trigger input buffers BANKSEL TRISC ’

pins ' MOVLW  OFFh ;Set RC<7:0> as inputs

All PORTC pins have latch bits (PORTC register). MOVWF  TRISC ;

They will modify the contents of the PORTC latch BANKSEL LCDCON i

(when written); thus, modifying the value driven out on CLRF  LCDCON iDisable VLCD<3:1>

a pin if the corresponding TRISC bit is configured for jinputs on RC<2:0>

output.

REGISTER 3-8: PORTC: PORTC REGISTER
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
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’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 7-0 RC<7:0>: PORTC I/O Pin bits

1 = Port pin is >VIH min.
0 = Port pin is <VIL max.

REGISTER 3-9:  TRISC: PORTC TRI-STATE REGISTER

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISCO
bit 7 bit 0

Legend:

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

-n = Value at POR ‘1" = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
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

DS41250F-page 62 © 2007 Microchip Technology Inc.



PIC16F913/914/916/917/946

3.5.1 PIN DESCRIPTIONS AND
DIAGRAMS

Each PORTC pin is multiplexed with other functions. The

pins and their combined functions are briefly described

here. For specific information about individual functions

such as the LCD or SSP, refer to the appropriate section

in this data sheet.

3.5.1.1 RCO/VLCD1

Figure 3-14 shows the diagram for this pin. The RCO
pin is configurable to function as one of the following:

* ageneral purpose I/O
* an analog input for the LCD bias voltage

3.5.1.2 RC1/VLCD2

Figure 3-15 shows the diagram for this pin. The RC1
pin is configurable to function as one of the following:

* ageneral purpose I/O
» an analog input for the LCD bias voltage

3.5.1.3 RC2/VLCD3

Figure 3-16 shows the diagram for this pin. The RC2
pin is configurable to function as one of the following:

» ageneral purpose I/O
* an analog input for the LCD bias voltage

FIGURE 3-14: BLOCK DIAGRAM OF RCO
VDD
Data Bus D Q ?
WR PORTC CK~_Q &
Data Latch % 1/0 Pin
—D Qr— Vss
WR TRISC CK~_Q
TRIS Latch
‘ A
(VLCDEN and LMUX<1:0> # 00)
RD TRISC N
Schmitt
Trigger
RD PORTC F
(LCDEN and LMUX<1:0>#00) ----
VLCD1 o o
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FIGURE 3-15: BLOCK DIAGRAM OF RC1
VDD
Data Bus D Q ?
WR PORTC CK~_Q %
Data Latch % I/0 Pin
+—D Qr— Vss
WR TRISC CK~ Q
TRIS Latch
‘ A
(VLCDEN and LMUX<1:0> # 00)

RD TRISC N

Schmitt
Trigger
RD PORTC
(LCDEN and LMUX<1:0> # 00) ----
VLCD2 O,'/O
FIGURE 3-16: BLOCK DIAGRAM OF RC2
VDD
Data Bus D Q %
WR PORTC K~ Q @
Data Latch % 1/0 Pin
+—D Qr— Vss
WR TRISC CK~_Q
TRIS Latch
‘ A d
VLCDEN
RD TRISC N\
Schmitt
Trigger
RD PORTC
VLCD3 LCDEN ----
oo
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3.5.1.4 RC3/SEG6

Figure 3-17 shows the diagram for this pin. The RC3
pin is configurable to function as one of the following:

» ageneral purpose |/O
» an analog output for the LCD

FIGURE 3-17: BLOCK DIAGRAM OF RC3
VDD
Data Bus D Q ?
WR PORTC CK~_Q @
Data Latch % I/0 Pin
— D Qr— Vss
WR TRISC CK~_Q
TRIS Latch
L
SE6 and LCDEN

RD TRISC N

Schmitt
Trigger

-/

RD PORTC

SEG6 and LCDEN SE6 and LCDEN - - -

oo
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3.5.1.5 RC4/T1G/SDO/SEG11

Figure 3-18 shows the diagram for this pin. The RC4pin
is configurable to function as one of the following:

» ageneral purpose I/O

« a Timer1 gate input

* a serial data output

» an analog output for the LCD

FIGURE 3-18: BLOCK DIAGRAM OF RC4

PORT/SDO Select

SDO

Data Bus D Q 1

WR PORTC | CK~_3Q
Data Latch
D Qh 1/0O Pin

i
P PH3
X

Vss

WR TRISC CK_Q

TRIS Latch

0—<]—0
RD TRISC {\

SE11 and LCDEN
Schmitt \
Trigger

RD PORTC

Timer1 Gate

SE11 and LCDEN - - - -
SEG11 o
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3.5.1.6 RC5/T1CKI/CCP1/SEG10

Figure 3-19 shows the diagram for this pin. The RC5
pin is configurable to function as one of the following:
» ageneral purpose |/O

« a Timer1 clock input

» a Capture input, Compare output or PWM output

» an analog output for the LCD

FIGURE 3-19: BLOCK DIAGRAM OF RC5

(PORT/CCP1 Select) and CCPMX
CCP1 Data Out

Data Bus D Q 1

WR PORTC )k @

Data Latch

oD Q

WR TRISC ) cKT

TRIS Latch

RD TRISC

T o

SE10 and LCDEN

Schmitt
Trigger

o

RD PORTC

Timer1 Clock Input

SE10 and LCDEN - - -

SEG10 s

V%D
% I/O Pin
Vss
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3.5.1.7 RC6/TX/CK/SCK/SCL/SEG9

Figure 3-20 shows the diagram for this pin. The RC6
pin is configurable to function as one of the following:
» ageneral purpose I/O

« an asynchronous serial output

» asynchronous clock 1/0

* a SPI clock I/0

« an IC data I/0O

» an analog output for the LCD

FIGURE 3-20: BLOCK DIAGRAM OF RC6

PORT/USART/SSP Mode Select(

[2C™ Data Out

TX/CK Data Out

SCK Data Out

Data Bus D Q

WR PORTC | CK_Q
Data Latch
o— D Q 1/0O Pin

P+ PS5
X

Vss

WR TRISC K~

TRIS Latch

USART or I2C™ Drive RD TRISC

{>F}

SE9 and LCDEN
Schmitt \
Trigger

RD PORTC

CK/SCL/SCK Input
SE9 and LCDEN - - - -

SEG9 o

Note 1: If all three data output sources are enabled, the following priority order will be used:

» USART data (highest)
» SSP data
* PORT data (lowest)
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3.5.1.8 RC7/RX/DT/SDI/SDA/SEG8

Figure 3-21 shows the diagram for this pin. The RC7
pin is configurable to function as one of the following:
» ageneral purpose |/O

» an asynchronous serial input

» asynchronous serial data I/O

* a SPI data input

« an IC data I/0O

« an analog output for the LCD

FIGURE 3-21: BLOCK DIAGRAM OF RC7

USART/I2C™ Mode Select(V

DT Data Out

[2C™ Data Out

PORT/(USART or 12C™) Select

VDD

- -

1 =
1/0 Pin
Data Bus D Q Vs
WR PORTC cKQ
Data Latch
o— D Q
WR TRISC cKQ
TRIS Latch
1>—o<li SES8 and LCDEN
Schmitt
IZCTM Drive RD TRISC Trigger \J
or SCEN Drive
RD PORTC T}
RX/SDI Input
SE8 and LCDEN - - - -
SEG8 o/l/o

Note 1: If all three data output sources are enabled, the following priority order will be used:
* USART data (highest)
* SSP data
* PORT data (lowest)
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TABLE 3-3: SUMMARY OF REGISTERS ASSOCIATED WITH PORTC

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 P‘g;:eB‘a“R ;flt‘fé’e"s::g
CCP1CON — = CCP1X CCP1Y | CCP1M3 | CCP1M2 | CCP1M1 | CCP1MO --00 0000 --00 0000
LCDCON LCDEN SLPEN WERR VLCDEN CS1 CSo0 LMUX1 LMUXO0 0001 0011 0001 0011
LCDSEO SE7 SE6 SE5 SE4 SE3 SE2 SE1 SEO 0000 0000 uuuu uuuu
LCDSE1 SE15 SE14 SE13 SE12 SE11 SE10 SE9 SE8 0000 0000 uuuu uuuu
PORTC RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO XXXK KXXX uuuu uuuu
RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 0000 000x 0000 000x
SSPCON WCOL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPMO 0000 0000 0000 0000
T1CON T1GINV | TMR1GE | TICKPS1 | TICKPSO | TTIOSCEN | TISYNC | TMR1CS | TMR1ON | 0000 0000 uuuu uuuu
TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISCO 1111 1111 1111 1111
Legend: x = unknown, u = unchanged, - = unimplemented locations read as ‘0’. Shaded cells are not used by PORTC.
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3.6 PORTD and TRISD Registers EXAMPLE 3-4: INITIALIZING PORTD
PORTD is an 8-bit port with Schmitt Trigger input buffers. BANKSEL PORTD P

Each pin is individually configured as an input or output. gziliism ;g?:i ':Inlt PORTD

PORTD is only available on the PIC16F914/917 and MOVLW  OFF ;Set RD<7:0> as inputs
PIC16F946. MOVWE  TRISD .

REGISTER 3-10: PORTD: PORTD REGISTER

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
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’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared x = Bit is unknown
bit 7-0 RD<7:0>: PORTD I/O Pin bits

1 = Port pin is >VIH min.
0 = Port pin is <VIL max.

REGISTER 3-11: TRISD: PORTD TRI-STATE REGISTER

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
TRISD7 TRISD6 TRISD5S TRISD4 TRISD3 TRISD2 TRISD1 TRISDO
bit 7 bit 0

Legend:

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

-n = Value at POR ‘1" = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
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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3.6.1 PIN DESCRIPTIONS AND
DIAGRAMS

Each PORTD pin is multiplexed with other functions. The
pins and their combined functions are briefly described
here. For specific information about individual functions
such as the Comparator or the ADC, refer to the
appropriate section in this data sheet.

3.6.1.1 RD0/COM3

Figure 3-22 shows the diagram for this pin. The RDO
pin is configurable to function as one of the following:

* ageneral purpose I/O
» an analog output for the LCD

3.6.1.2 RD1

Figure 3-23 shows the diagram for this pin. The RD1
pin is configurable to function as one of the following:

* ageneral purpose I/O

3.6.1.3 RD2/CCP2

Figure 3-24 shows the diagram for this pin. The RD2
pin is configurable to function as one of the following:

» ageneral purpose I/O
» a Capture input, Compare output or PWM output

3.6.1.4 RD3/SEG16

Figure 3-25 shows the diagram for this pin. The RD3
pin is configurable to function as one of the following:

» ageneral purpose I/O
» an analog output for the LCD

3.6.1.5 RD4/SEG17

Figure 3-25 shows the diagram for this pin. The RD4
pin is configurable to function as one of the following:

» ageneral purpose I/O
* an analog output for the LCD

3.6.1.6 RD5/SEG18

Figure 3-25 shows the diagram for this pin. The RD5
pin is configurable to function as one of the following:

» ageneral purpose I/O
« an analog output for the LCD

3.6.1.7 RD6/SEG19

Figure 3-25 shows the diagram for this pin. The RD6
pin is configurable to function as one of the following:

» ageneral purpose I/O
» an analog output for the LCD

3.6.1.8 RD7/SEG20

Figure 3-25 shows the diagram for this pin. The RD7
pin is configurable to function as one of the following:

» ageneral purpose I/O
» an analog output for the LCD
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FIGURE 3-22: BLOCK DIAGRAM OF RDO
VDD
Data Bus D Q
WR PORTD CK~_Q 1/0 Pin
Data Latch vss
o— D Q
WR TRISD cKg
TRIS Latch
‘ ]
RD TRISD LCDEN-and LMUX<1:0>=11
N
| Schmitt
Trigger
RD PORTD
LCDEN and
COM3 LMUX<1:0>=11 "~
o
FIGURE 3-23: BLOCK DIAGRAM OF RD1
VDD
Data Bus D Q
WR PORTD _
— ] CK™X_Q RD1 Pin
Data Latch Vss
e— D Q
WR TRISD CKG
TRIS Latch
‘ ]
Schmitt \& /
RD TRISD Trigger \
|
RD PORTD
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FIGURE 3-24: BLOCK DIAGRAM OF RD2
(PORT/CCP2 Select) and CCPMX
VDD
CCP2 Data Out %
0
Data Bus D 1 &
WR PORTD . VO Pin
~—————1HCKQ VsSs
Data Latch
o D Q
WR TRISD cKQ
TRIS Latch
Schmitt _\_
¢ Trigger
RD TRISD
e
RD PORTD F
CCP2 Input
FIGURE 3-25: BLOCK DIAGRAM OF RD<7:3>
VDD
Data Bus D Q %
WR PORTD _ -
— CK™X_Q 1/0 Pin
Data Latch Vss
o D Q
WR TRISD _
EE—— CK™_Q
TRIS Latch
L @
:II SE<20:16> and LCDEN Schmi
RD TRISD SN
|
RD PORTD
SE<20:16>and LCDEN - - - -
SEG<20:16> o/l/o
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TABLE 3-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORTD(")

Name Bit7 Bit6 Bit 5 Bit4 Bit 3 Bit2 Bit 1 Bit0 P‘g;:eB‘a“R ;flt‘fé’e"s::g
CCP2CONM — — CCP2X CCP2Y | CCP2M3 | CCP2M2 | CCP2M1 | CCP2M0O | --00 0000 --00 0000
LCDCON LCDEN SLPEN WERR VLCDEN CS1 CS0 LMUX1 LMUXO0 0001 0011 0001 0011
LcDse2M SE23 SE22 SE21 SE20 SE19 SE18 SE17 SE16 0000 0000 uuuu uuuu
PORTD(" RD7 RD6 RD5 RD4 RD3 RD2 RD1 RDO XXXX XXXX | uuuu uuuu
TRISD™M TRISD7 TRISD6 TRISD5 TRISD4 TRISD3 TRISD2 TRISD1 TRISDO 1111 1111 1111 1111
Legend: x = unknown, u = unchanged, - = unimplemented locations read as ‘0’. Shaded cells are not used by PORTD.

Note 1: PIC16F914/917 and PIC16F946 only.
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3.7  PORTE and TRISE Registers EXAMPLE 3-5:  INITIALIZING PORTE

BANKSEL PORTE ;

PORTE is a 1-bit, 4-bit or 8-bit port with Schmitt Trigger

input buffers. RE<7:4, 2:0> are individually configured as gi\ﬁf{sm zgizg ':_Inlt PORTE

inputs or outputs and RE3 is only available as an input if MOVLW  OFh ;Set RE<3:0> as inputs
MCLRE is ‘0’ in Configuration Word (Register 16-1). MOVWF TRISE .

RE<2:0> are only available on the PIC16F914/917 and CLRF ANSEL iMake RE<2:0> as I/0’s
PIC16F946. RE<7:4> are only available on the

PIC16F946.

REGISTER 3-12: PORTE: PORTE REGISTER

R/W-x R/W-x R/W-x R/W-x R-x R/W-x R/W-x R/W-x
RE7(1:3) RE6(13) RE5(13) RE4(13) RE3 RE2(24) RE1(24) REO(Z4)
bit 7 bit 0

Legend:

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

-n = Value at POR 1" = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-0 RE<7:0>: PORTE I/O Pin bits

1 = Port pin is >VIH min.
0 = Port pin is <VIL max.

Note 1: PIC16F946 only.
2: PIC16F914/917 and PIC16F946 only.
3: PIC16F91X, Read as ‘0.
4: PIC16F913/916, Read as ‘0’.

REGISTER 3-13: TRISE: PORTE TRI-STATE REGISTER

R/W-1 R/W-1 R/W-1 R/W-1 R-1 R/W-1 R/W-1 R/W-1
TRISE7(3) | TRISE6(?) | TRISE5!) | TRISE4(™3) | TRISE3 | TRISE2(4 | TRISE1(24 | TRISE0(24)
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-0 TRISE<7:0>: PORTE Tri-State Control bits

1 = PORTE pin configured as an input (tri-stated)
0 = PORTE pin configured as an output

Note 1: PIC16F946 only.
2: PIC16F914/917 and PIC16F946 only.
3: PIC16F91X, Read as ‘0.
4: PIC16F913/916, Read as ‘0.

DS41250F-page 76 © 2007 Microchip Technology Inc.



PIC16F913/914/916/917/946

3.7.1 PIN DESCRIPTIONS AND
DIAGRAMS

Each PORTE pin is multiplexed with other functions. The

pins and their combined functions are briefly described

here. For specific information about individual functions

such as the Comparator or the ADC, refer to the

appropriate section in this data sheet.

3.7.1.1 REO/AN5/SEG21(1)

Figure 3-26 shows the diagram for this pin. The REO
pin is configurable to function as one of the following:
* ageneral purpose I/O

* an analog input for the ADC

* an analog output for the LCD

3712 RE1/AN6/SEG22(1)

Figure 3-26 shows the diagram for this pin. The RE1
pin is configurable to function as one of the following:
» ageneral purpose I/O

* an analog input for the ADC

» an analog output for the LCD

3.7.1.3 RE2/AN7/SEG23(1)

Figure 3-26 shows the diagram for this pin. The RE2
pin is configurable to function as one of the following:
» ageneral purpose I/O

* an analog input for the ADC

» an analog output for the LCD

3.71.4 RE3/MCLR/VpPP

Figure 3-27 shows the diagram for this pin. The RE3
pin is configurable to function as one of the following:
« adigital input only

» as Master Clear Reset with weak pull-up

* a programming voltage reference input

3715 RE4/SEG24(2)

Figure 3-28 shows the diagram for this pin. The
RE4/SEG24 pin is configurable to function as one of
the following:

» ageneral purpose I/O

» an analog output for the LCD

3716 RE5/SEG25(2)

Figure 3-28 shows the diagram for this pin. The
RES5/SEG25 pin is configurable to function as one of
the following:

» ageneral purpose I/O

» an analog output for the LCD

3.71.7 RE6/SEG26(2)

Figure 3-28 shows the diagram for this pin. The
RE6/SEG26 pin is configurable to function as one of
the following:

» ageneral purpose I/O

* an analog output for the LCD

3.7.1.8 RE7/SEG27()

Figure 3-28 shows the diagram for this pin. The
RE7/SEG27 pin is configurable to function as one of
the following:

» ageneral purpose I/O

» an analog output for the LCD

Note 1: Pinis available on the PIC16F914/917 and
PIC16F946 only.

2: Pin is available on the PIC16F946 only.

© 2007 Microchip Technology Inc.
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FIGURE 3-26: BLOCK DIAGRAM OF RE<2:0> (PIC16F914/917 AND PIC16F946 ONLY)
VDD
Data Bus D Q %
WR PORTE CK_Q /0 Pin
Data Latch Vss
o D Q
WR TRISE _
CK™_Q
TRIS Latch
‘,_O<I7 Analog|Mode or
SEG<23:21> and LCDEN .
RD TRISE and LCDEN Schmitt |
Trigger
|
RD PORTE FI
SEG<23:21> and LCDEN - - - -
SEG<23:21> o o
AN<7:5>
FIGURE 3-27: BLOCK DIAGRAM OF RE3
HV
Schmitt Trigger
ircui _ Buffer
< MCLR cireut MCLR Filter fI
Programming mode
< HV Detect *
MCLRE % Input Pin
7 Vss
Data Bus HV
l Schmitt Trigger
Buffer

RD TRISE Vss

RD PORTE
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FIGURE 3-28: BLOCK DIAGRAM OF RE<7:4> (PIC16F946 ONLY)
VDD
Data Bus D Q
WR PORTE —
— ] CK™_Q 1/0 Pin
Data Latch Vss
— D Q
WR TRISE —
E— CK™_Q
TRIS Latch
‘,_O<I7 Analog|Mode or
SEG<27:24> and LCDEN .
RD TRISE Schmitt |
Trigger
|
RD PORTE FI
SEG<27:24> and LCDEN - - - ‘I
SEG<27:24> N
AN<7:5>
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TABLE 3-5: SUMMARY OF REGISTERS ASSOCIATED WITH PORTE

Name Bit 7 Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 P‘g,'.\}jeB%“R g{;:’f;e"s:t"s
ADCONO ADFM VCFG1 VCFGO CHS2 CHS1 CHSO | GO/DONE| ADON 0000 0000 | 0000 0000

ANSEL ANS7 ANS6 ANS5 ANS4 ANS3 ANS2 ANS1 ANSO 1111 1111 | 1111 1111

LCDCON LCDEN | SLPEN WERR | VLCDEN CS1 CS0 LMUX1 LMUX0 | 0001 0011 | 0001 0011

LcDsE2(1:2) SE23 SE22 SE21 SE20 SE19 SE18 SE17 SE16 0000 0000 | uuuu uuuu

LcDSE3! % | SE31 SE30 SE29 SE28 SE27 SE26 SE25 SE24 0000 0000 | uuuu uuuu

PORTE RE7®) RE6() RE5() RE4() RE3 RE2(? RE1? REO® XXXX XXXX | Uuuu uuuu

TRISE TRISE7®) | TRISE6®) | TRISES®) | TRISE4®) | TRISE3® | TRISE2?) | TRISE1® | TRISEO® | 1111 1111 | 1111 1111

Legend: x = unknown, u = unchanged, - = unimplemented locations read as ‘0’. Shaded cells are not used by PORTC.

Note This register is only initialized by a POR or BOR reset and is unchanged by other Resets.

1:

2:  PIC16F914/917 and PIC16F946 only.
3:  PIC16F946 only.

4:  Bitis read-only; TRISE = 1 always.
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3.8 PORTF and TRISF Registers

PORTF is an 8-bit port with Schmitt Trigger input buff-
ers. RF<7:0> are individually configured as inputs or
outputs, depending on the state of the port direction.
The port bits are also multiplexed with LCD segment
functions. PORTF is available on the PIC16F946 only.

REGISTER 3-14: PORTF: PORTF REGISTER("

EXAMPLE 3-6:

INITIALIZING PORTF

BANKSEL PORTF
CLRF PORTF
BANKSEL TRISF
MOVLW 0FFh
MOVWF TRISF

i

;Init PORTF

;Set RF<7:0> as inputs

i

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
RF7 RF6 RF5 | RF4 RF3 RF2 RF1 RFO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-0 RF<7:0>: PORTF 1/O Pin bits

1 = Port pin is >VIH min.
0 = Port pin is <VIL max.

Note 1: PIC16F946 only.

REGISTER 3-15: TRISF: PORTF TRI-STATE REGISTER(")

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
TRISF7 TRISF6 TRISF5 TRISF4 TRISF3 TRISF2 TRISF1 TRISFO
bit 7 bit 0

Legend:

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

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-0 TRISF<7:0>: PORTF Tri-State Control bits

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

0 = PORTF pin configured as an output

Note 1: PIC16F946 only.

© 2007 Microchip Technology Inc.
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3.8.1 PIN DESCRIPTIONS AND
DIAGRAMS

Each PORTF pin is multiplexed with other functions. The
pins and their combined functions are briefly described
here. For specific information about individual functions,
refer to the appropriate section in this data sheet.
3.8.1.1 RFO/SEG32

Figure 3-29 shows the diagram for this pin. The RF0
pin is configurable to function as one of the following:

* ageneral purpose I/O
» an analog output for the LCD

3.8.1.2 RF1/SEG33

Figure 3-29 shows the diagram for this pin. The RF1
pin is configurable to function as one of the following:

» ageneral purpose I/O
» an analog output for the LCD

3.8.1.3 RF2/SEG34

Figure 3-29 shows the diagram for this pin. The RF2
pin is configurable to function as one of the following:

» ageneral purpose I/O
» an analog output for the LCD

3.8.1.4 RF3/SEG35

Figure 3-29 shows the diagram for this pin. The RF3
pin is configurable to function as one of the following:

» ageneral purpose I/O
« an analog output for the LCD

3.8.1.5 RF4/SEG28

Figure 3-29 shows the diagram for this pin. The RF4
pin is configurable to function as one of the following:

* ageneral purpose I/O
» an analog output for the LCD

3.8.1.6 RF5/SEG29

Figure 3-29 shows the diagram for this pin. The RF5
pin is configurable to function as one of the following:

» ageneral purpose I/O
» an analog output for the LCD

3.8.1.7 RF6/SEG30

Figure 3-29 shows the diagram for this pin. The RF6
pin is configurable to function as one of the following:

» ageneral purpose I/O
» an analog output for the LCD

3.8.1.8 RF7/SEG31

Figure 3-29 shows the diagram for this pin. The RF7
pin is configurable to function as one of the following:

» ageneral purpose I/O
» an analog output for the LCD

DS41250F-page 82
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FIGURE 3-29: BLOCK DIAGRAM OF RF<7:0>

VDD
Data Bus D Q %

WR PORTF

CK™_Q I/O Pin
Data Latch Vss

WR TRISF

‘t CK™_Q

TRIS Latch

| L
RD TRISF ~ SE<35:28> and LCDEN

i

RD PORTF

Schmitt
Trigger

SE<35:28>and LCDEN - - - -
SEG<35:28> oo

TABLE 3-6: SUMMARY OF REGISTERS ASSOCIATED WITH PORTF(")

Value on Value on all
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR other
Resets

LCDCON LCDEN | SLPEN | WERR | VLCDEN CS1 CS0 LMUX1 LMUXO | 0001 0011 | 0001 0011

LCDSE3" | SE31 SE30 SE29 SE28 SE27 SE26 SE25 SE24 | 0000 0000 | uuuu uuuu
LcDSE4M | SE39 SE38 SE37 SE36 SE35 SE34 SE33 SE32 | 0000 0000 | uuuu uuuu

PORTF(™ RF7 RF6 RF5 RF4 RF3 RF2 RF1 RFO | xxxx xxxx | uuuu uuuu
TRISF( TRISF7 | TRISF6 | TRISF5 | TRISF4 | TRISF3 | TRISF2 | TRISF1 TRISFO | 1111 1111 | 1111 1111
Legend: x =unknown, u = unchanged, - = unimplemented locations read as ‘0’. Shaded cells are not used by PORTF.

Note 1: PIC16F946 only.
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3.9 PORTG and TRISG Registers EXAMPLE 3-7: INITIALIZING PORTG
PORTG is an 8-bit port with Schmitt Trigger input BANKSEL PORTG -
. L ) . CLRF PORTG ;Init PORTG
buffers. RG<5:0> are individually configured as mputs BANKSEL TRISG ;
or outputs, depending on the state of the port direction. MOVLW  3Fh ;Set RG<5:0> as inputs
The port bits are also multiplexed with LCD segment MOVWF  TRISG .
functions. PORTG is available on the PIC16F946 only.
REGISTER 3-16: PORTG: PORTG REGISTER("
uU-0 uU-0 R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
— — RG5 RG4 | RG3 RG2 RG1 RGO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 RG<5:0>: PORTG I/O Pin bits
1 = Port pin is >VIH min.
0 = Port pin is <VIL max.
Note 1: PIC16F946 only.

REGISTER 3-17:

TRISG: PORTG TRI-STATE REGISTER("

U-0 u-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

— — TRISG5 TRISG4 TRISG3 TRISG2 TRISG1 TRISGO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 7-6 Unimplemented: Read as ‘0’

bit 5-0 TRISF<5:0>: PORTG Tri-State Control bits
1 = PORTG pin configured as an input (tri-stated)
0 = PORTG pin configured as an output

Note 1: PIC16F946 only.
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3.9.1 PIN DESCRIPTIONS AND
DIAGRAMS

Each PORTG pin is multiplexed with other functions. The
pins and their combined functions are briefly described
here. For specific information about individual functions,
refer to the appropriate section in this data sheet.
3.9.1.1 RGO/SEG36

Figure 3-30 shows the diagram for this pin. The RGO
pin is configurable to function as one of the following:

* ageneral purpose I/O
» an analog output for the LCD

3.9.1.2 RG1/SEG37

Figure 3-30 shows the diagram for this pin. The RG1
pin is configurable to function as one of the following:

» ageneral purpose |/O
» an analog output for the LCD

3.9.1.3 RG2/SEG38

Figure 3-30 shows the diagram for this pin. The RG2
pin is configurable to function as one of the following:

* ageneral purpose I/O
* an analog output for the LCD

3.9.1.4 RG3/SEG39

Figure 3-30 shows the diagram for this pin. The RG3
pin is configurable to function as one of the following:

» ageneral purpose I/O
» an analog output for the LCD

3.9.1.5 RG4/SEG40

Figure 3-30 shows the diagram for this pin. The RG4
pin is configurable to function as one of the following:

» ageneral purpose I/O
» an analog output for the LCD

3.9.1.6 RG5/SEG41

Figure 3-30 shows the diagram for this pin. The RG5
pin is configurable to function as one of the following:

* ageneral purpose I/O
» an analog output for the LCD

FIGURE 3-30: BLOCK DIAGRAM OF RG<5:0>
VDD
Data Bus D Q %
WR PORTG — )
E—— CK™_Q 1/0 Pin
Data Latch Vss
— D Q
WR TRISG _
E— CK™_Q
TRIS Latch
L | ®
| Trigger
RD PORTG
SE<41:36> and LCDEN - - - -
SEG<41:36> o/'/o
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TABLE 3-7:  SUMMARY OF REGISTERS ASSOCIATED WITH PORTG!")

. . . . . . . . Value on Value on all
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR ;:::trs
LCDCON | LCDEN | SLPEN | WERR | VLCDEN | CSf1 CS0 LMUX1 | LMUXO | 0001 0011 | 0001 0011
Lcose4™) | se3g | sEss | SE37 SE36 SE35 | SE34 SE33 SE32 | 0000 0000 | wuuu uuuu
LCDSE5( — — — — — — SE41 SE40 | ---- -- 00 | ==-- -- uu
pPorTG™M = = RG5 RG4 RG3 RG2 RG1 RGO | --xx xxxx | --uu uuuu
TRISG = = TRISG5 | TRISG4 | TRISG3 | TRISG2 | TRISG1 | TRISGO | --11 1111 | --11 1111
Legend: x = unknown, u = unchanged, - = unimplemented locations read as ‘0’. Shaded cells are not used by PORTG.
Note 1: PIC16F946 only.
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4.0 OSCILLATOR MODULE (WITH
FAIL-SAFE CLOCK MONITOR)
4.1 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 4-1
illustrates a block diagram of the Oscillator module.

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

» Selectable system clock source between external
or internal 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, EC or RC modes) and switch
automatically to the internal oscillator.

The Oscillator module can be configured in one of eight
clock modes.

1. EC - External clock with 1/0 on OSC2/CLKOUT.

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

3. XT - Medium Gain Crystal or
Resonator Oscillator mode.

4. HS - High Gain Crystal or Ceramic Resonator
mode.

5. RC - External Resistor-Capacitor (RC) with
Fosc/4 output on OSC2/CLKOUT.

6. RCIO - External Resistor-Capacitor (RC) with
I/O on OSC2/CLKOUT.

7. INTOSC - Internal oscillator with FOSC/4 output
on OSC2 and 1/0 on OSC1/CLKIN.

8. INTOSCIO - Internal oscillator with /O on
OSC1/CLKIN and OSC2/CLKOUT.

Clock Source modes are configured by the FOSC<2:0>
bits in the Configuration Word register (CONFIG). The
internal clock can be generated from two internal
oscillators. The HFINTOSC is a calibrated
high-frequency oscillator. The LFINTOSC is an
uncalibrated low-frequency oscillator.

Ceramic

FIGURE 4-1: SIMPLIFIED PIC® MCU CLOCK SOURCE BLOCK DIAGRAM
FOSC<2:0>
(Configuration Word Register)
External Oscillator SCS<0>
(OSCCON Register)
0SC2

LP, XT, HS, RC, RCIO, EC
osct [X] ,|>
IRCF<2:0>
(OSCCON Register)
8 MHz > 111 INTOSC
Internal Oscillator 4 MHz
110
2 MHz
- ™l101
Q@ 1 MHz
HFINTOSC | 8 100 X
[2]
8 MHz g SOOKHZ‘OH =
o | 250 kHz
010
125 kHz
001
LFINTOSC 31 kHz 000
31 kHz

—
System Clock
(CPU and Peripherals)

MUX

Power-up Timer (PWRT)

» Watchdog Timer (WDT)
Fail-Safe Clock Monitor (FSCM)
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4.2 Oscillator Control

The Oscillator Control (OSCCON) register (Figure 4-1)
controls the system clock and frequency selection
options. The OSCCON register contains the following
bits:

» Frequency selection bits (IRCF)

» Frequency Status bits (HTS, LTS)

» System clock control bits (OSTS, SCS)

REGISTER 4-1: OSCCON: OSCILLATOR CONTROL REGISTER

uU-0 R/W-1 R/W-1 R/W-0 R-1 R-0 R-0 R/W-0
— IRCF2 IRCF1 IRCFO osts(" HTS LTS SCs
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 Unimplemented: Read as ‘0’
bit 6-4 IRCF<2:0>: Internal Oscillator Frequency Select bits
111 = 8MHz
110 = 4 MHz (default)
101= 2MHz
100= 1MHz
011 = 500 kHz
010 = 250 kHz
001 = 125kHz
000 = 31kHz (LFINTOSC)
bit 3 OSTS: Oscillator Start-up Time-out Status bit(1)

1 = Device is running from the clock defined by FOSC<2:0> of the Configuration Word

0 = Device is running from the internal oscillator (HFINTOSC or LFINTOSC)
bit 2 HTS: HFINTOSC Status bit (High Frequency — 8 MHz to 125 kHz)

1 = HFINTOSC is stable

0 = HFINTOSC is not stable
bit 1 LTS: LFINTOSC Stable bit (Low Frequency — 31 kHz)

1 = LFINTOSC is stable

0 = LFINTOSC is not stable
bit 0 SCS: System Clock Select bit

1 = Internal oscillator is used for system clock
0 = Clock source defined by FOSC<2:0> of the Configuration Word

Note 1: Bitresets to ‘0’ with Two-Speed Start-up and LP, XT or HS selected as the Oscillator mode or Fail-Safe

mode is enabled.
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4.3 Clock Source Modes

Clock Source modes can be classified as external or
internal.

» External Clock modes rely on external circuitry for
the clock source. Examples are: Oscillator mod-
ules (EC mode), quartz crystal resonators or
ceramic resonators (LP, XT and HS modes) and
Resistor-Capacitor (RC) mode circuits.

« Internal clock sources are contained internally
within the Oscillator module. The Oscillator
module has two internal oscillators: the 8 MHz
High-Frequency Internal Oscillator (HFINTOSC)
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) bit of the OSCCON register. See Section 4.6
“Clock Switching” for additional information.

4.4 External Clock Modes

441 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. 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. When switching between clock sources, a
delay is required to allow the new clock to stabilize.
These oscillator delays are shown in Table 4-1.

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 4.7
“Two-Speed Clock Start-up Mode”).

TABLE 4-1: OSCILLATOR DELAY EXAMPLES
Switch From Switch To Frequency Oscillator Delay
Sleep/POR II:Illzzllll\\llTl'(())zg 125 k3H12 l:(l)—lg MHz Oscillator Warm-Up Delay (TWARM)
Sleep/POR EC, RC DC - 20 MHz 2 instruction cycles
LFINTOSC (31 kHz) EC, RC DC - 20 MHz 1 cycle of each
Sleep/POR LP, XT, HS 32 kHz to 20 MHz 1024 Clock Cycles (OST)
LFINTOSC (31 kHz) HFINTOSC 125 kHz to 8 MHz 1 us (approx.)

442 EC MODE

The External Clock (EC) mode allows an externally
generated logic level as the system clock source. When
operating in this mode, an external clock source is
connected to the OSC1 input and the OSC2 is available
for general purpose 1/O. Figure 4-2 shows the pin
connections for EC mode.

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 4-2: EXTERNAL CLOCK (EC)

MODE OPERATION

Clock from ~>@—> OSC1/CLKIN
Ext. System

PIC® MCU

/0 <— 0SC2/CLKOUT(M

Note 1: Alternate pin functions are listed in

Section 1.0 “Device Overview”.
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443 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 4-3). The mode selects 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 4-3 and Figure 4-4 show typical circuits for
quartz crystal and ceramic resonators, respectively.

FIGURE 4-3: QUARTZ CRYSTAL
OPERATION (LP, XT OR
HS MODE)
PIC® MCU
A OSC1/CLKIN. :
| T !
C1 ! !
Quartz
Crystal
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 to 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.

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

For oscillator design assistance, reference
the following Microchip Applications 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 4-4:

CERAMIC RESONATOR
OPERATION
(XT OR HS MODE)

PIC® MCU

OSC1/CLKIN

C2

Note 1:

To Internal

Ceramic  Rs™M OSC2/CLKOUT

Resonator

A series resistor (RS) may be required for
ceramic resonators with low drive level.

: The value of RF varies with the Oscillator mode

selected (typically between 2 MQ to 10 MQ).

: An additional parallel feedback resistor (RP)

may be required for proper ceramic resonator
operation.
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444 EXTERNAL RC MODES

The external Resistor-Capacitor (RC) modes support
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. There are two modes: RC and RCIO.

In RC mode, the RC circuit connects to OSC1.
OSC2/CLKOUT outputs the RC oscillator frequency
divided by 4. This signal may be used to provide a clock
for external circuitry, synchronization, calibration, test
or other application requirements. Figure 4-5 shows
the external RC mode connections.

FIGURE 4-5: EXTERNAL RC MODES
Vop PIC® MCU
REXT
OSC1/CL1<IN Internal

N Clock
CEXTL l:\ *
Vss I N

Fosc/4 or <+— 0Sc2/cLKouT®
/0@

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

Note 1: Alternate pin functions are listed in
Section 1.0 “Device Overview”.
2: Output depends upon RC or RCIO clock mode.

In RCIO mode, the RC circuit is connected to OSC1.
OSC2 becomes an additional general purpose I/O pin.

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.

4.5 Internal Clock Modes

The Oscillator module has two independent, internal
oscillators that can be configured or selected as the
system clock source.

1. The HFINTOSC (High-Frequency Internal
Oscillator) is factory calibrated and operates at
8 MHz. The frequency of the HFINTOSC can be
user-adjusted via software using the OSCTUNE
register (Register 4-2).

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

The system clock speed can be selected via software
using the Internal Oscillator Frequency Select bits
IRCF<2:0> of the OSCCON register.

The system clock can be selected between external or
internal clock sources via the System Clock Selection
(SCS) bit of the OSCCON register. See Section 4.6
“Clock Switching” for more information.

4.5.1 INTOSC AND INTOSCIO MODES

The INTOSC and INTOSCIO modes configure the
internal oscillators as the system clock source when
the device is programmed using the oscillator selection
or the FOSC<2:0> bits in the Configuration Word
register (CONFIG). See Section 16.0 “Special
Features of the CPU” for more information.

In INTOSC mode, OSC1/CLKIN is available for general
purpose 1/0. OSC2/CLKOUT outputs the selected
internal oscillator frequency divided by 4. The CLKOUT
signal may be used to provide a clock for external
circuitry, synchronization, calibration, test or other
application requirements.

In INTOSCIO mode, OSC1/CLKIN and OSC2/CLKOUT
are available for general purpose I/O.

452 HFINTOSC

The High-Frequency Internal Oscillator (HFINTOSC) is
a factory calibrated 8 MHz internal clock source. The
frequency of the HFINTOSC can be altered via
software using the OSCTUNE register (Register 4-2).

The output of the HFINTOSC connects to a postscaler
and multiplexer (see Figure 4-1). One of seven
frequencies can be selected via software using the
IRCF<2:0> bits of the OSCCON register. See
Section 4.5.4 “Frequency Select Bits (IRCF)” for
more information.

The HFINTOSC is enabled by selecting any frequency
between 8 MHz and 125 kHz by setting the IRCF<2:0>
bits of the OSCCON register # 000. Then, set the
System Clock Source (SCS) bit of the OSCCON
register to ‘1’ or enable Two-Speed Start-up by setting
the IESO bit in the Configuration Word register
(CONFIG) to ‘1.

The HF Internal Oscillator (HTS) bit of the OSCCON
register indicates whether the HFINTOSC is stable or not.

© 2007 Microchip Technology Inc.
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4521 OSCTUNE Register

The HFINTOSC is factory calibrated but can be
adjusted in software by writing to the OSCTUNE
register (Register 4-2).

The default value of the OSCTUNE register is ‘0’. The
value is a 5-bit two’s complement number.

When the OSCTUNE register is modified, the
HFINTOSC 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.

REGISTER 4-2: OSCTUNE: OSCILLATOR TUNING REGISTER
u-0 uU-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — TUN4 TUN3 TUN2 TUN1 TUNO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-5 Unimplemented: Read as ‘0’
bit 4-0 TUN<4:0>: Frequency Tuning bits
01111 = Maximum frequency
01110 =
00001 =

00000 = Oscillator module is running at the factory-calibrated frequency.

11111 =

10000 = Minimum frequency
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453 LFINTOSC

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

The output of the LFINTOSC connects to a postscaler
and multiplexer (see Figure 4-1). Select 31 kHz, via
software, using the IRCF<2:0> bits of the OSCCON
register. See Section 4.5.4 “Frequency Select Bits
(IRCF)” 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<2:0> bits of the OSCCON register = 000) as the
system clock source (SCS bit of the OSCCON
register = 1), or when any of the following are enabled:

» Two-Speed Start-up IESO bit of the Configuration
Word register = 1 and IRCF<2:0> bits of the
OSCCON register = 000

* Power-up Timer (PWRT)

» Watchdog Timer (WDT)

 Fail-Safe Clock Monitor (FSCM)

The LF Internal Oscillator (LTS) bit of the OSCCON

register indicates whether the LFINTOSC is stable or
not.

454 FREQUENCY SELECT BITS (IRCF)

The output of the 8 MHz HFINTOSC and 31 kHz
LFINTOSC connects to a postscaler and multiplexer
(see Figure 4-1). The Internal Oscillator Frequency
Select bits IRCF<2:0> of the OSCCON register select
the frequency output of the internal oscillators. One of
eight frequencies can be selected via software:

*» 8 MHz

* 4 MHz (Default after Reset)

* 2MHz

* 1MHz

* 500 kHz

» 250 kHz

* 125 kHz

31 kHz (LFINTOSC)

Note:  Following any Reset, the IRCF<2:0> bits of
the OSCCON register are set to ‘110’ and
the frequency selection is set to 4 MHz.
The user can modify the IRCF bits to
select a different frequency.

4.5.5 HF AND LF INTOSC CLOCK
SWITCH TIMING

When switching between the LFINTOSC and the
HFINTOSC, the new oscillator may already be shut
down to save power (see Figure 4-6). If this is the case,
there is a delay after the IRCF<2:0> bits of the
OSCCON register are modified before the frequency
selection takes place. The LTS and HTS bits of the
OSCCON register will reflect the current active status
of the LFINTOSC and HFINTOSC oscillators. The
timing of a frequency selection is as follows:

1. IRCF<2:0> bits of the OSCCON register are
modified.

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

5. CLKOUT is now connected with the new clock.
LTS and HTS bits of the OSCCON register are
updated as required.

6. Clock switch is complete.

See Figure 4-1 for more details.

If the internal oscillator speed selected is between
8 MHz and 125 kHz, there is no start-up delay before
the new frequency is selected. This is because the old
and new frequencies are derived from the HFINTOSC
via the postscaler and multiplexer.

Start-up delay specifications are located under the
oscillator parameters of Section19.0 “Electrical
Specifications”.

© 2007 Microchip Technology Inc.
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FIGURE 4-6: INTERNAL OSCILLATOR SWITCH TIMING

HFINTOSC — LFINTOSC (FSCM and WDT disabled)

HFINTOSC

Start-up Time 2-cycle Sync Running
LFINTOSC NI [ L | .
IRCF <2:0> #0 X =0

System Clock

HFINTOSC — LFINTOSC (Either FSCM or WDT enabled)

SR e Y e e s O e O

2-cycle Sync . Running

LFINTOSC 1 | I — ]

IRCF <2:0> #0 X =0

systemclock __ [ [ L [ L[ L[ L[ L[ L[

LFINTOSC — HFINTOSC
LFINTOSC turns off unless WDT or FSCM is enabled

LFINTOSC | | - |

Start-up Timei 2-cycle SyncE Running
131Ny yotcIOR \\ S O O I S I
IRCF <2:0> ___=0__X Z0

System Clock
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4.6 Clock Switching

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

4.6.1 SYSTEM CLOCK SELECT (SCS) BIT

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

* When the SCS bit of the OSCCON register = 0,
the system clock source is determined by
configuration of the FOSC<2:0> bits in the
Configuration Word register (CONFIG).

* When the SCS bit of the OSCCON register = 1,
the system clock source is chosen by the internal
oscillator frequency selected by the IRCF<2:0>
bits of the OSCCON register. After a Reset, the
SCS bit of the OSCCON register is 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 bit
of the OSCCON register. The user can
monitor the OSTS bit of the OSCCON
register to determine the current system
clock source.

462  OSCILLATOR START-UP TIME-OUT
STATUS (OSTS) BIT

The Oscillator Start-up Time-out Status (OSTS) bit of
the OSCCON register indicates whether the system
clock is running from the external clock source, as
defined by the FOSC<2:0> bits in the Configuration
Word register (CONFIG), 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.

4.7 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
as the clock source and go back to Sleep without
waiting for the primary oscillator to become stable.

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

When the Oscillator module is configured for LP, XT or
HS modes, the Oscillator Start-up Timer (OST) is
enabled (see Section 4.4.1 “Oscillator Start-up Timer
(OST)”). The OST will suspend program execution until
1024 oscillations are counted. Two-Speed Start-up
mode minimizes the delay in code execution by
operating from the internal oscillator as the OST is
counting. When the OST count reaches 1024 and the
OSTS bit of the OSCCON register is set, program
execution switches to the external oscillator.

4.7.1 TWO-SPEED START-UP MODE
CONFIGURATION

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

» IESO (of the Configuration Word register) = 1;
Internal/External Switchover bit (Two-Speed
Start-up mode enabled).

* SCS (of the OSCCON register) = 0.

* FOSC<2:0> bits in the Configuration Word
register (CONFIG) 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.

If the external clock oscillator is configured to be

anything 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.

4.7.2 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<2:0>
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.

© 2007 Microchip Technology Inc.
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4.7.3 CHECKING TWO-SPEED CLOCK
STATUS

Checking the state of the OSTS bit of the OSCCON
register will confirm if the microcontroller is running
from the external clock source, as defined by the
FOSC<2:0> bits in the Configuration Word register
(CONFIG), or the internal oscillator.

FIGURE 4-7: TWO-SPEED START-UP

HFINTOSC 7\ _/ 7\ /A _/\/1\

L TosT =i
osc1 < o X 1 \\1022X 1023 / \ /
osc2 X} : \
Program Counter |  PC-N | PC X PC + 1 X

system Clook \_/ AN/ /N /
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4.8 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 Word register (CONFIG). The FSCM is
applicable to all external oscillator modes (LP, XT, HS,
EC, RC and RCIO).

FIGURE 4-8: FSCM BLOCK DIAGRAM
Clock Monitor
Ext | Latch
xterna
Clock ¢ =St Q
r T — — = — — 1
| [LFINTOSC ]
| Oscillator - 64
| 31kHz 488 Hz
| (~32 us) (~2 ms)
| Sample Clock | Clock
Lo 4 )
Failure
Detected

4.8.1 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 4-8. 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
primary clock goes low.

482 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<2:0> bits of the OSCCON
register. This allows the internal oscillator to be
configured before a failure occurs.

4.8.3 FAIL-SAFE CONDITION CLEARING

The Fail-Safe condition is cleared after a Reset,
executing a SLEEP instruction or toggling the SCS bit
of the OSCCON register. When the SCS bit is toggled,
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 and the device will be operating
from the external clock source. The Fail-Safe condition
must be cleared before the OSFIF flag can be cleared.

484 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
OSTS bit of the OSCCON register to verify
the oscillator start-up and that the system
clock switchover has  successfully

completed.
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FIGURE 4-9: FSCM TIMING DIAGRAM

Sample Clock

System :

Oscillator

Clock Failure

AT
Output }

Clock Monitor Output
@ V|

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.

TABLE 4-2: SUMMARY OF REGISTERS ASSOCIATED WITH CLOCK SOURCES

Value on Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 all other
POR, BOR R )
esets

CONFIG® CPD cP MCLRE | PWRTE | WDTE FOSC2 | FOSC1 | FOSCO — —
INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 0000 000x
OSCCON — IRCF2 IRCF1 IRCFO OSTS HTS LTS SCS -110 %000 -110 %000
OSCTUNE — — — TUN4 TUN3 TUN2 TUN1 TUNO ---0 0000 ---u uuuu
PIE2 OSFIE C2IE C1IE LCDIE — LVDIE — CCP2IE 0000 -0-0 0000 -0-0
PIR2 OSFIF C2IF C1IF LCDIF — LVDIF — CCP2IF 0000 -0-0 0000 -0-0
T1CON T1GINV | TMR1GE | TICKPS1 | TICKPSO | TTOSCEN | TISYNC | TMR1CS | TMR1ON 0000 0000 0000 0000
Legend: x = unknown, u = unchanged, - = unimplemented locations read as ‘'0’. Shaded cells are not used by oscillators.

Note 1:  Other (non Power-up) Resets include MCLR Reset and Watchdog Timer Reset during normal operation.
2:  See Configuration Word register (CONFIG) for operation of all register bits.
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5.0 TIMERO MODULE

The TimerO0 module is an 8-bit timer/counter with the
following features:

 8-bit timer/counter register (TMRO)

« 8-bit prescaler (shared with Watchdog Timer)

* Programmable internal or external clock source

» Programmable external clock edge selection

* Interrupt on overflow

Figure 5-1 is a block diagram of the TimerO module.

FIGURE 5-1:

5.1 Timer0 Operation

When used as a timer, the Timer0 module can be used
as either an 8-bit timer or an 8-bit counter.

5.1.1 8-BIT TIMER MODE

When used as a timer, the Timer0 module will
increment every instruction cycle (without prescaler).
Timer mode is selected by clearing the TOCS bit of the
OPTION register to ‘0’.

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.

5.1.2 8-BIT COUNTER MODE

When used as a counter, the Timer0 module will
increment on every rising or falling edge of the TOCKI
pin. The incrementing edge is determined by the TOSE
bit of the Option register. Counter mode is selected by
setting the TOCS bit of the Option register to ‘1’.

BLOCK DIAGRAM OF THE TIMERO/WDT PRESCALER

Fosc/4

3: WDTE bit is in the Configuration Word register.

Data Bus
0
8
° 1 \
Sync g
) 1 2 Toy > TMRO
TOCKI 0
pin .
TOSE TOCS 8-bit Se(t): Igge?':‘tk;rvs "
Prescaler PSA
b
8
WDTE PSA
SWDTEN —
PS<2:0> 1
| —» WDT
6oit . Time-out
Prescaler 16
31 kHz Watchdog
INTOSC Timer PSA

WDTPS<3:0>

Note 1: TOSE, TOCS, PSA, PS<2:0> are bits in the Option register.
2: SWDTEN and WDTPS<3:0> are bits in the WDTCON register.
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5.1.3 SOFTWARE PROGRAMMABLE
PRESCALER

A single software programmable prescaler is available
for use with either TimerQ0 or the Watchdog Timer
(WDT), but not both simultaneously. The prescaler
assignment is controlled by the PSA bit of the Option
register. To assign the prescaler to Timer0, the PSA bit
must be cleared to a ‘0.

There are 8 prescaler options for the Timer0 module
ranging from 1:2 to 1:256. The prescale values are
selectable via the PS<2:0> bits of the OPTION register.
In order to have a 1:1 prescaler value for the TimerO
module, the prescaler must be assigned to the WDT
module.

The prescaler is not readable or writable. When
assigned to the Timer0 module, all instructions writing to
the TMRO register will clear the prescaler.

When the prescaler is assigned to WDT, a CLRWDT
instruction will clear the prescaler along with the WDT.

5.1.3.1 Switching Prescaler Between
Timer0 and WDT Modules

As a result of having the prescaler assigned to either
Timer0 or the WDT, it is possible to generate an
unintended device Reset when switching prescaler
values. When changing the prescaler assignment from
TimerO to the WDT module, the instruction sequence
shown in Example 5-1, must be executed.

EXAMPLE 5-1: CHANGING PRESCALER
(TIMERO — WDT)

BANKSEL TMRO ;

CLRWDT ;Clear WDT
CLRF TMRO ;Clear TMRO and
iprescaler
BANKSEL OPTION_REG ;
BSF OPTION REG,PSA ;Select WDT
CLRWDT ;
i
MOVLW b’11111000" ;Mask prescaler
ANDWF OPTION_REG,W ;bits
IORLW b’00000101" ;Set WDT prescaler
MOVWF OPTION_REG ;to 1:32

When changing the prescaler assignment from the
WDT to the Timer0 module, the following instruction
sequence must be executed (see Example 5-2).

EXAMPLE 5-2: CHANGING PRESCALER
(WDT — TIMERO)
CLRWDT ;Clear WDT and
;prescaler
BANKSEL OPTION_REG ;
MOVLW b’11110000° ;Mask TMRO select and
ANDWF OPTION REG,W ;prescaler bits
TIORLW b’00000011" ;Set prescale to 1:16

MOVWF OPTION_REG H

514 TIMERO INTERRUPT

Timer0 will generate an interrupt when the TMRO
register overflows from FFh to 00h. The TOIF 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 TOIF bit must be
cleared in software. The TimerQ interrupt enable is the
TOIE bit of the INTCON register.

Note: The TimerO interrupt cannot wake the
processor from Sleep since the timer is

frozen during Sleep.

5.1.5 USING TIMERO WITH AN
EXTERNAL CLOCK

When TimerO0 is in Counter mode, the synchronization
of the TOCKI input and the TimerO register is accom-
plished by sampling the prescaler output on the Q2 and
Q4 cycles of the internal phase clocks. Therefore, the
high and low periods of the external clock source must
meet the timing requirements as shown in
Section 19.0 “Electrical Specifications”
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REGISTER 5-1: OPTION_REG: OPTION REGISTER

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
RBPU INTEDG TOCS TOSE PSA PS2 PS1 PSO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 7 RBPU: PORTB Pull-up Enable bit
1 = PORTB pull-ups are disabled
0 = PORTB pull-ups are enabled by individual PORT 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 TOCS: TMRO Clock Source Select bit
1 = Transition on TOCKI pin
0 = Internal instruction cycle clock (Fosc/4)
bit 4 TOSE: TMRO 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 assigned to the WDT
0 = Prescaler is assigned to the Timer0 module
bit 2-0 PS<2:0>: Prescaler Rate Select bits
BIT VALUE TMRORATE  WDT RATE
000 1:2 1:1
001 1:4 1:2
010 1:8 1:4
011 1:16 1:8
100 1:32 1:16
101 1:64 1:32
110 1:128 1:64
111 1:256 1:128
Note 1: A dedicated 16-bit WDT postscaler is available. See Section 16.4 “Watchdog Timer (WDT)” for more
information.
TABLE 5-1: SUMMARY OF REGISTERS ASSOCIATED WITH TIMERO
Value on Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 all other
POR, BOR
Resets
TMRO TimerO Module Register XXXX XXXX [uuuu uuuu
INTCON GIE PEIE TOIE INTE | RBIE TOIF INTF | RBIF |0000 000x|0000 000x
OPTION_REG | RBPU |INTEDG| TOCS | TOSE PSA PS2 PS1 PSO |1111 1111|1111 1111
TRISA TRISA7 | TRISA6 | TRISA5 | TRISA4 | TRISA3| TRISA2 | TRISA1|TRISAO|1111 1111|1111 1111
Legend: - = Unimplemented locations, read as ‘0’, u = unchanged, x = unknown. Shaded cells are not used by the

Timer0 module.
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6.0 TIMER1 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
» 3-bit prescaler
» Optional LP oscillator
» Synchronous or asynchronous operation
+ Timer1 gate (count enable) via comparator or
T1G pin
* Interrupt on overflow

» Wake-up on overflow (external clock,
Asynchronous mode only)

¢ Clock source for LCD module

6.1 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. When used with an external clock source, the
module can be used as either a timer or counter.

6.2 Clock Source Selection

The TMR1CS bit of the T1CON register is used to select
the clock source. When TMR1CS = 0, the clock source
is Fosc/4. When TMR1CS = 1, the clock source is
supplied externally.

Figure 6-1 is a block diagram of the Timer1 module. Clock Source TMR1CS
Fosc/4 0
T1CKI pin 1
FIGURE 6-1: TIMER1 BLOCK DIAGRAM
é T1GINV
Set flag bit
TMR1IF on To C2 Comparator Module
Overflow TMR1@ Timer1 Clock _
Synchronized
TMR1H mr1L EN ° clock input
To LCD Module El
"""" TISYNC
OSC1/T10SI
Prescaler Synchronize(®)
1,2,4,8 B
0sC2/T1050 [] } S det
________ 2
Fosc = 000 T1CKPS<1:0>
Fosc = x00 :D
T10SCEN TMR1CS T16 DX} 1

T1cKI [X] ,l>

hobn

Note 1: ST Bufferis low power type when using LP oscillator, or high speed type when using T1CKI.
: Timer1 register increments on rising edge.

Synchronize does not operate while in Sleep.

SYNCC20UT is synchronized when the C2SYNC bit of the CMCON1 register is set.

SYNCC20UT@W__| o

T1GSS
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6.2.1 INTERNAL CLOCK SOURCE

When the internal clock source is selected, the
TMR1H:TMR1L register pair will increment on multiples
of Tcy as determined by the Timer1 prescaler.

6.2.2 EXTERNAL CLOCK SOURCE

When the external clock source is selected, the Timer1
module may work as a timer or a counter.

When counting, Timer1 is incremented on the rising
edge of the external clock input T1CKI. In addition, the
Counter mode clock can be synchronized to the
microcontroller system clock or run asynchronously.

In Counter mode, a falling edge must be registered by
the counter prior to the first incrementing rising edge
after one or more of the following conditions:

« Timer1 is enabled after POR or BOR Reset
* A write to TMR1H or TMR1L

* T1CKlI is high when Timer1 is disabled and when
Timer1 is reenabled T1CKI is low. See Figure 6-2.

6.3 Timer1 Prescaler

Timer1 has four prescaler options allowing 1, 2, 4 or 8
divisions of the clock input. The T1CKPS 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.

6.4 Timer1 Oscillator

A low-power 32.768 kHz crystal oscillator is built-in
between pins OSC1 (input) and OSC2 (amplifier output).
The oscillator is enabled by setting the T1OSCEN
control bit of the T1ICON register. The oscillator will
continue to run during Sleep.

The Timer1 oscillator is shared with the system LP
oscillator. Thus, Timer1 can use this mode only when
the primary system clock is derived from the internal
oscillator or when in LP oscillator mode. The user must
provide a software time delay to ensure proper oscilla-
tor start-up.

TRISA7 and TRISA6 bits are set when the Timer1
oscillator is enabled. RA7 and RABG bits read as ‘0’ and
TRISA7 and TRISAG bits read as ‘1’.

Note: The oscillator requires a start-up and
stabilization time before use. Thus,
T10SCEN should be set and a suitable

delay observed prior to enabling Timer1.

6.5 Timer1 Operation in
Asynchronous Counter Mode

If control bit TISYNC of the T1CON register is set, the
external clock input is not synchronized. The timer
continues to increment asynchronous to the internal
phase clocks. 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 6.5.1 “Reading and Writing
Timer1 in Asynchronous Counter Mode”).

Note 1: 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.

6.5.1 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.

6.6 Timer1 Gate

Timer1 gate source is software configurable to be the
T1G pin or the output of Comparator C2. This allows the
device to directly time external events using T1G or
analog events using Comparator C2. See the CMCON1
register (Register 8-2) for selecting the Timer1 gate
source. This feature can simplify the software for a
Delta-Sigma A/D converter and many other applications.
For more information on Delta-Sigma A/D converters,
see the Microchip web site (www.microchip.com).

Note: TMR1GE bit of the T1CON register must be
set to use the Timer1 gate.

Timer1 gate can be inverted using the T1GINV bit of
the T1CON register, whether it originates from the T1G
pin or Comparator C2 output. This configures Timer1 to
measure either the active-high or active-low time
between events.

© 2007 Microchip Technology Inc.
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6.7 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:

« Timer1 interrupt enable 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.

6.8 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:

« TMR1ON bit of the T1ICON register must be set

* TMR1IE bit of the PIE1 register must be set

* PEIE bit of the INTCON register must be set

The device will wake-up on an overflow and execute
the next instruction. If the GIE bit of the INTCON

register is set, the device will call the Interrupt Service
Routine (0004h).

6.9 Clock Source for LCD Module

The Timer1 oscillator can be used to provide a clock for
the LCD module. This clock may be configured to
remain running during Sleep.

For more information, see Section 10.0 “Liquid Crys-
tal Display (LCD) Driver Module”.

FIGURE 6-2: TIMER1 INCREMENTING EDGE
T1CKl =1
when TMR1
Enabled * * * *
T1CKl = 0
when TMR1
Enabled A * A *
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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6.10 Timer1 Control Register

The Timer1 Control register (T1CON), shown in
Register 6-1, is used to control Timer1 and select the
various features of the Timer1 module.

REGISTER 6-1: T1CON: TIMER 1 CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
T1GINV(Y | TMR1GE® | T1CKPS1 | T1CKPSO | T1OSCEN | T1SYNC TMR1CS | TMR1ON
bit 7 bit 0

Legend:

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

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 T1GINV: Timer1 Gate Invert 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 6 TMR1GE: Timer1 Gate Enable bit(?

If TMR1ON = o:

This bit is ignored

If TMR1ON = 1:

1 = Timer1 counting is controlled by the Timer1 Gate function
0 = Timer1 is always counting

bit 5-4 T1CKPS<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 T10SCEN: LP Oscillator Enable Control bit

If INTOSC without CLKOUT oscillator is active:
1 = LP oscillator is enabled for Timer1 clock

0 = LP oscillator is off

Else:

This bit is ignored. LP oscillator is disabled.

bit 2 T1SYNC: Timer1 External Clock Input Synchronization Control bit
TMR1CS = 1:
1 = Do not synchronize external clock input
0 = Synchronize external clock input
TMR1CS = o:
This bit is ignored. Timer1 uses the internal clock.
bit 1 TMR1CS: Timer1 Clock Source Select bit
1 = External clock from T1CKIl pin (on the rising edge)
0 = Internal clock (Fosc/4)
bit 0 TMR1ON: Timer1 On bit

1 = Enables Timer1
0 = Stops Timer1

Note 1: T1GINV bit inverts the Timer1 gate logic, regardless of source.

2: TMR1GE bit must be set to use either T1G pin or C20UT, as selected by the T1GSS bit of the CMCON1
register, as a Timer1 gate source.
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TABLE 6-1: SUMMARY OF REGISTERS ASSOCIATED WITH TIMER1

Value on
. . . . . . . . Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 all other
POR, BOR
Resets
CMCON1 — — — — — — T1GSS C2SYNC | ---- -- 10 | ---- -- 10
INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 0000 000x
PIE1 EEIE ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMR1IE 0000 0000 0000 0000
PIR1 EEIF ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF 0000 0000 0000 0000
TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX uuuu uuuu
TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register XXXX XXXX uuuu uuuu
T1CON T1GINV | TMR1GE | TICKPS1 | TICKPSO | TTOSCEN | T1SYNC TMR1CS | TMR1ON 0000 0000 uuuu uuuu
Legend: x = unknown, u = unchanged, - = unimplemented, read as ‘0’. Shaded cells are not used by the Timer1 module.
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7.0 TIMER2 MODULE

The Timer2 module is an 8-bit timer with the following
features:

» 8-bit timer register (TMR2)

» 8-bit period register (PR2)

* Interrupt on TMR2 match with PR2

» Software programmable prescaler (1:1, 1:4, 1:16)

» Software programmable postscaler (1:1 to 1:16)

See Figure 7-1 for a block diagram of Timer2.

71 Timer2 Operation

The clock input to the Timer2 module is the system
instruction clock (Fosc/4). The clock is fed into the
Timer2 prescaler, which has prescale options of 1:1,
1:4 or 1:16. The output of the prescaler is then used to
increment the TMR2 register.

The values of TMR2 and PR2 are constantly compared
to determine when they match. TMR2 will increment
from 00h until it matches the value in PR2. When a
match occurs, two things happen:

*« TMR2 is reset to 00h on the next increment cycle.
» The Timer2 postscaler is incremented.

The match output of the Timer2/PR2 comparator is
then fed into the Timer2 postscaler. The postscaler has
postscale options of 1:1 to 1:16 inclusive. The output of
the Timer2 postscaler is used to set the TMR2IF
interrupt flag bit in the PIR1 register.

FIGURE 7-1: TIMER2 BLOCK DIAGRAM

The TMR2 and PR2 registers are both fully readable
and writable. On any Reset, the TMR2 register is set to
00h and the PR2 register is set to FFh.

Timer2 is turned on by setting the TMR20ON bit in the
T2CON registerto a ‘1’. Timer2 is turned off by clearing
the TMR2ON bit to a ‘0’

The Timer2 prescaler is controlled by the T2CKPS bits
in the T2CON register. The Timer2 postscaler is
controlled by the TOUTPS bits in the T2CON register.
The prescaler and postscaler counters are cleared
when:

* A write to TMR2 occurs.
* A write to T2CON occurs.

» Any device Reset occurs (Power-on Reset, MCLR
Reset, Watchdog Timer Reset, or Brown-out
Reset).

Note: TMR2 is not cleared when T2CON is
written.

Prescaler
1:1,1:4, 1:16

e

T2CKPS<1:0>

Fosc/4 —————»|

Sets Flag
bit TMR2IF

A

TMR2
Output

Postscaler

1:1to0 1:16

}s

TOUTPS<3:0>

© 2007 Microchip Technology Inc.

DS41250F-page 107



PIC16F913/914/916/917/946

REGISTER 7-1: T2CON: TIMER 2 CONTROL REGISTER

u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— TOUTPS3 TOUTPS2 TOUTPS1 TOUTPSO TMR20ON T2CKPS1 T2CKPSO0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 Unimplemented: Read as ‘0’
bit 6-3 TOUTPS<3:0>: Timer2 Output Postscaler Select bits

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

bit 2 TMR2ON: Timer2 On bit
1= Timer2is on
0 = Timer2 is off
bit 1-0 T2CKPS<1:0>: Timer2 Clock Prescale Select bits

00 = Prescaler is 1
01 = Prescaler is 4
1x = Prescaler is 16

TABLE 7-1: SUMMARY OF REGISTERS ASSOCIATED WITH TIMER2

Value on Value on
Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 all other
POR, BOR
Resets
INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 0000 000x
PIE1 EEIE ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMR1IE 0000 0000 0000 0000
PIR1 EEIF ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF 0000 0000 0000 0000
PR2 Timer2 Module Period Register 1111 1111 1111 1111
TMR2 Holding Register for the 8-bit TMR2 Register 0000 0000 0000 0000
T2CON — TOUTPS3 | TOUTPS2 | TOUTPS1 | TOUTPSO | TMR20ON | T2CKPS1 | T2CKPS0O -000 0000 -000 0000
Legend: x = unknown, u = unchanged, - = unimplemented read as ‘0’. Shaded cells are not used for Timer2 module.
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8.0 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.
The comparators are very useful mixed signal building
blocks because they provide analog functionality
independent of the program execution. The Analog
Comparator module includes the following features:

* Dual comparators

* Multiple comparator configurations

» Comparator outputs are available
internally/externally

* Programmable output polarity

« Interrupt-on-change

» Wake-up from Sleep

» Timer1 gate (count enable)

» Output synchronization to Timer1 clock input
* Programmable voltage reference

Note: Only Comparator C2 can be linked to

Timer1.

8.1 Comparator Overview

A comparator is shown in Figure 8-1 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.

FIGURE 8-1: SINGLE COMPARATOR
VINt ——— 1+
Output
VIN- ———

---- VIN-
— VIN+

Output l l l l

Note: The black areas of the output of the
comparator represents the uncertainty
due to input offsets and response time.

This device contains two comparators as shown in
Figure 8-2 and Figure 8-3. The comparators are not
independently configurable.

© 2007 Microchip Technology Inc.
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FIGURE 8-2: COMPARATOR C1 OUTPUT BLOCK DIAGRAM
< .
o c To C10UT pin
3 —
=+ =
i) T
> —
o m
X
| To Data Bus
D Q
o T
EN RD CMCONO
\ Set C1IF bit
D Q )
Q3*RD CMCONO EN
CL
Reset
Note 1: Q1 and Q3 are phases of the four-phase system clock (Fosc).
2: Q1 is held high during Sleep mode.
FIGURE 8-3: COMPARATOR C2 OUTPUT BLOCK DIAGRAM
C2SYNC
To SYNCC20UT
- C2INV e
o
3 0
T b > > To C20UT pin
3
; —
Timer1
clock source(?
| To Data Bus
D Q
Q1 \/‘/
EN RD CMCONO
h\ Set C2IF bit
D Q )
Q3*RD CMCONO EN
CL
Reset
Note 1: Comparator output is latched on falling edge of Timer1 clock source.
2: Q1 and Q3 are phases of the four-phase system clock (FOsc).
3: Q1 is held high during Sleep mode.
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8.1.1 ANALOG INPUT CONNECTION
CONSIDERATIONS

A simplified circuit for an analog input is shown in
Figure 8-4. Since the analog input pins share their con-
nection 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:

2:

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.

Analog levels on any pin defined as a
digital input, may cause the input buffer to
consume more current than is specified.

FIGURE 8-4: ANALOG INPUT MODEL
VDD
Rs < 10K | VT =06V RIC
: —X * * AVAAY To Comparator
: . AN I
. . ILEAKAGE
; @ ; CS:F;E T VT = 0.6V +500 nA

Legend: CPIN = Input Capacitance
Ric = Interconnect Resistance
Rs = Source Impedance
VA = Analog Voltage
VT = Threshold Voltage

ILEAKAGE = Leakage Current at the pin due to various junctions
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8.2 Comparator Configuration

There are eight modes of operation for the comparator.
The CM<2:0> bits of the CMCONO register are used to
select these modes as shown in Figure 8-5. 1/O lines
change as a function of the mode and are designated
as follows:

» Analog function (A): digital input buffer is disabled

« Digital function (D): comparator digital output,
overrides port function

* Normal port function (I/O): independent of
comparator

The port pins denoted as “A” will read as a ‘0’
regardless of the state of the I/O pin or the 1/O control
TRIS bit. Pins used as analog inputs should also have
the corresponding TRIS bit set to ‘1’ to disable the
digital output driver. Pins denoted as “D” should have
the corresponding TRIS bit set to ‘0’ to enable the
digital output driver.

Note: = Comparator interrupts should be disabled
during a Comparator mode change to
prevent unintended interrupts.
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FIGURE 8-5:

COMPARATOR 1/0 OPERATING MODES

CM<2:0> =000
C1IN- A
C1IN+ A

C2IN-
C2IN+ A

VIN-
VIN+ +

VIN-
VIN+ +

Comparators Reset (POR Default Value)

Off (Read as ‘0’)

Off (Read as ‘0’)

CM<2:0> =100
ClN- A VIN- =
CliNe A VINH,

C2IN-

Two Independent Comparators

C1

A VIN-{>
C20UT
C2IN+ Aiv"\”_,_ c2

C10UT

CM<2:0> =001

Three Inputs Multiplexed to Two Comparators

One Independent Comparator with Reference Option

CM<2:0> =101
ClIN- 2o _ cin- ° ViN-1 2
_CIS=0 VIN- .
AT °CIS=1 - 110 VINH | C1 Off (Read as '0’)
C1IN+ £ o V|N++ c1 C10UT C1IN+ —= +
caiN- A VIN- C2N- e X
- - A
Lo C2 > C20UT
A VINH , C2 >—C20UT C2IN* =2 IS = o Vin+ ¢
C2IN+ + Internal ___, CIS = 1 L C20UT(pin)
Fixed Voltage Ref
Four Inputs Multiplexed to Two Comparators Two Common Reference Comparators with Outputs
CM<2:0> =010 CM<2:0>=110
ClN- Ao _ ) ClN- A VN2
CIS=0 VNN
A CIS=1 - VINH C1 Cc10UT
C1IN+ 2o Viny | C1 c1ouT +
C10UT(pin) P
A
C2IN- ——2 cjs=0| V- VIN-
cain+ Ao CIS=1 c2>—co0uT cziN- o2 c20UT
VINH n C2IN+ A VINH +
From CVREF Module | C20UT(pin) 2

Two Common Reference Comparators Comparators Off (Lowest Power)
CM<2:0> =011

CM<2:0> =111

ClN- A VIN-|D ciN. VO VIN-PS
clouT
c1IN+ O V|N++C1 C1iNe O V|N+ ff (Read as ‘0")
caN- A VIN-I® con. O LVIN-T
c2 c20UT
C2IN+ A V|N++ CoiN+ O VIN+ ff (Read as ‘0")

Legend: A = Analog Input, ports always reads ‘0’

CIS = Comparator Input Switch (CMCONO0<3>)
I/O = Normal port I/O

D = Comparator Digital Output
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8.3 Comparator Control

The CMCONO register (Register 8-1) provides access
to the following comparator features:

* Mode selection
* Output state
» Output polarity
* Input switch

8.3.1 COMPARATOR OUTPUT STATE

Each comparator state can always be read internally
via the associated CxOUT bit of the CMCONO register.
The comparator outputs are directed to the CxOUT
pins when CM<2:0> = 110. When this mode is
selected, the TRIS bits for the associated CxOUT pins
must be cleared to enable the output drivers.

8.3.2 COMPARATOR OUTPUT POLARITY

Inverting the output of a comparator is functionally
equivalent to swapping the comparator inputs. The
polarity of a comparator output can be inverted by set-
ting the CxINV bits of the CMCONO register. Clearing
CxINV results in a non-inverted output. A complete
table showing the output state versus input conditions
and the polarity bit is shown in Table 8-1.

TABLE 8-1: OUTPUT STATE VS. INPUT
CONDITIONS
Input Conditions CxINV CxOUT
VIN- > VIN+ 0 0
VIN- < VIN+ 0 1
VIN- > VIN+ 1 1
VIN- < VIN+ 1 0
Note:  CxOUT refers to both the register bit and
output pin.

8.3.3 COMPARATOR INPUT SWITCH

The inverting input of the comparators may be switched
between two analog pins or an analog input pin and
and the fixed voltage reference in the following modes:

* CM<2:0> = 001 (Comparator C1 only)

* CM<2:0> =010 (Comparators C1 and C2)

* CM<2:0> =101 (Comparator C2 only)

In the above modes, both pins remain in Analog mode
regardless of which pin is selected as the input. The CIS

bit of the CMCONO register controls the comparator
input switch.

8.4 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 Section 19.0 “Electrical
Specifications” for more details.

8.5 Comparator Interrupt Operation

The comparator interrupt flag is set whenever there is
a change in the output value of the comparator.
Changes are recognized by means of a mismatch
circuit which consists of two latches and an
exclusive-or gate (see Figure 8-2 and Figure 8-3). One
latch is updated with the comparator output level when
the CMCONO register is read. This latch retains the
value until the next read of the CMCONO register or the
occurrence of a Reset. The other latch of the mismatch
circuit is updated on every Q1 system clock. A
mismatch condition will occur when a comparator
output change is clocked through the second latch on
the Q1 clock cycle. The mismatch condition will persist,
holding the CxIF bit of the PIR2 register true, until either
the CMCONO register is read or the comparator output
returns to the previous state.

Note: A write operation to the CMCONO register
will also clear the mismatch condition
because all writes include a read
operation at the beginning of the write

cycle.

Software will need to maintain information about the
status of the comparator output to determine the actual
change that has occurred.

The CxIF bit of the PIR2 register is the comparator
interrupt flag. This bit must be reset in software by
clearing itto ‘0’. Since it is also possible to write a ‘1’ to
this register, a simulated interrupt may be initiated.

The CxIE bit of the PIE2 register and the PEIE and GIE
bits of the INTCON register must all be set to enable
comparator interrupts. If any of these bits are cleared,
the interrupt is not enabled, although the CxIF bit of the
PIR2 register will still be set if an interrupt condition
occurs.

The user, in the Interrupt Service Routine, can clear the
interrupt in the following manner:

a) Any read or write of CMCONO. This will end the
mismatch condition. See Figures 8-6 and 8-7

b) Clear the CxIF interrupt flag.

A persistent mismatch condition will preclude clearing

the CxIF interrupt flag. Reading CMCONO will end the
mismatch condition and allow the CxIF bit to be cleared.
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FIGURE 8-6: COMPARATOR
INTERRUPT TIMING W/O
CMCONO READ

at N I I I I I B

Q3 []

I_II_II_II_II_II_II_I_

CIN+ —=] [—TRT )

Cout

]

Set CxIF (level) I l

CxIF

reset by software

FIGURE 8-7:

COMPARATOR
INTERRUPT TIMING WITH
CMCONO READ

Q1

N N S I S N N

< I I N N |_| [ |_| Mo
CiN+ TRt | L.

Cout _‘—'—| : :

Set CxIF (level) N | ]

CxIF

cleared by CMCONO read

reset by software

Note 1:

If a change in the CMCONO register
(CxOUT) occurs when a read operation is
being executed (start of the Q2 cycle),
then the CxIF Interrupt Flag bit of the
PIR2 register may not get set.

2: When either comparator is first enabled,

bias circuitry in the Comparator module
may cause an invalid output from the
comparator until the bias circuitry is stable.
Allow about 1 us for bias settling then clear
the mismatch condition and interrupt flags
before enabling comparator interrupts.

8.6 Operation During Sleep

The comparator, if enabled before entering Sleep mode,
remains active during Sleep. The additional current
consumed by the comparator is shown separately in the
Section 19.0 “Electrical Specifications”. If the
comparator is not used to wake the device, power
consumption can be minimized while in Sleep mode by
turning off the comparator. The comparator is turned off
by selecting mode CM<2:0> = 000 or CM<2:0> =111
of the CMCONO register.

A change to the comparator output can wake-up the
device from Sleep. To enable the comparator to wake
the device from Sleep, the CxIE bit of the PIE2 register
and the PEIE bit of the INTCON register must be set.
The instruction following the Sleep instruction always
executes following a wake from Sleep. If the GIE bit of
the INTCON register is also set, the device will then
execute the Interrupt Service Routine.

8.7 Effects of a Reset

A device Reset forces the CMCONO and CMCON1
registers to their Reset states. This forces the Compar-
ator module to be in the Comparator Reset mode
(CM<2:0>=000). Thus, all comparator inputs are
analog inputs with the comparator disabled to consume
the smallest current possible.

© 2007 Microchip Technology Inc.
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REGISTER 8-1: CMCONO: COMPARATOR CONFIGURATION REGISTER

R-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
C20UT C10UT C2INV C1INV CIs CM2 CM1 CMO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 C20UT: Comparator 2 Output bit

When C2INV = 0:
1 =C2 VIN+ > C2 VIN-
0 = C2 VIN+ < C2 VIN-
When C2INV = 1:
1 =C2 VIN+ < C2 VIN-
0 = C2 VIN+ > C2 VIN-

bit 6 C10UT: Comparator 1 Output bit
When C1INV = 0:
1=C1VIN+>C1 VIN-
0 =C1VIN+ <C1 VIN-
When C1INV = 1:

1 =C1VIN+ < C1 VIN-
0 =C1 VIN+ > C1 VIN-

bit 5 C2INV: Comparator 2 Output Inversion bit

1 = C2 output inverted
0 = C2 output not inverted

bit 4 C1INV: Comparator 1 Output Inversion bit

1 = C1 Output inverted
0 = C1 Output not inverted
bit 3 CIS: Comparator Input Switch bit

When CM<2:0> = 010:

1 = C1IN+ connects to C1 VIN-
C2IN+ connects to C2 VIN-

0 = C1IN- connects to C1 VIN-
C2IN- connects to C2 VIN-

When CM<2:0> = 001:

1 = C1IN+ connects to C1 VIN-

0 = C1IN- connects to C1 VIN-

When CM<2:0> = 101: (16F91x/946)
1 = C2 VIN+ connects to fixed voltage reference
0 = C2 VIN+ connects to C2IN+

bit 2-0 CM<2:0>: Comparator Mode bits (See Figure 8-5)

000 = Comparators off. CxIN pins are configured as analog
001 = Three inputs multiplexed to two comparators

010 = Four inputs multiplexed to two comparators

011 = Two common reference comparators

100 = Two independent comparators

101 = One independent comparator

110 = Two comparators with outputs and common reference
111 = Comparators off. CxIN pins are configured as digital I/O
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8.8 Comparator C2 Gating Timer1

This feature can be used to time the duration or interval
of analog events. Clearing the T1GSS bit of the
CMCON1 register will enable Timer1 to increment
based on the output of Comparator C2. This requires
that Timer1 is on and gating is enabled. See
Section 6.0 “Timer1 Module with Gate Control” for
details.

It is recommended to synchronize Comparator C2 with
Timer1 by setting the C2SYNC bit when the comparator
is used as the Timer1 gate source. This ensures Timer1
does not miss an increment if the comparator changes
during an increment.

8.9 Synchronizing Comparator C2
Output to Timer1

The output of Comparator C2 can be synchronized with
Timer1 by setting the C2SYNC bit of the CMCON1
register. When enabled, the comparator output is
latched on the falling edge of the Timer1 clock source.
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. Reference the comparator block diagrams
(Figure 8-2 and Figure 8-3) and the Timer1 Block
Diagram (Figure 6-1) for more information.

REGISTER 8-2: CMCON1: COMPARATOR CONFIGURATION REGISTER
u-0 U-0 U-0 U-0 U-0 u-0 R/W-1 R/W-0
— — — — — — T1GSS C2SYNC
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-2 Unimplemented: Read as ‘0’
bit 1 T1GSS: Timer1 Gate Source Select bit(

1 = Timer1 gate source is T1G pin (pin should be configured as digital input)
0 = Timer1 gate source is Comparator C2 output

bit 0 C2SYNC: Comparator C2 Output Synchronization bit(2)
1 = Output is synchronized with falling edge of Timer1 clock

0 = Output is asynchronous

Note 1: Referto Section 6.6 “Timer1 Gate”.
2: Refer to Figure 8-3.
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8.10 Comparator Voltage Reference

The Comparator Voltage Reference module provides
an internally generated voltage reference for the com-
parators. The following features are available:

* Independent from Comparator operation

» Two 16-level voltage ranges

» Qutput clamped to Vss

» Ratiometric with VDD

The VRCON register (Register 8-3) controls the
Voltage Reference module shown in Figure 8-8.

8.10.1 INDEPENDENT OPERATION

The comparator voltage reference is independent of
the comparator configuration. Setting the VREN bit of
the VRCON register will enable the voltage reference.

8.10.2 OUTPUT VOLTAGE SELECTION

The CVREF voltage reference has 2 ranges with 16
voltage levels in each range. Range selection is
controlled by the VRR bit of the VRCON register. The
16 levels are set with the VR<3:0> bits of the VRCON
register.

The CVREF output voltage is determined by the following
equations:

EQUATION 8-1: CVREF OUTPUT VOLTAGE
VRR = 1 (low range):
CVREF = (VR<3:0>/24) X VDD
VRR = 0 (high range):
CVREF = (VDD/4) + (VR<3:0> X VDD/32)

The full range of Vss to VDD cannot be realized due to
the construction of the module. See Figure 8-8.

8.10.3 OUTPUT CLAMPED TO Vss

The CVREF output voltage can be set to Vss with no
power consumption by configuring VRCON as follows:
*« VREN =0

* VRR=1

* VR<3:0>= 0000

This allows the comparator to detect a zero-crossing
while not consuming additional CVREF module current.

8.10.4 OUTPUT RATIOMETRIC TO VDD

The comparator voltage reference is VDD derived and
therefore, the CVREF output changes with fluctuations in
VDD. The tested absolute accuracy of the Comparator
Voltage Reference can be found in Section 19.0
“Electrical Specifications”.

REGISTER 8-3: VRCON: VOLTAGE REFERENCE CONTROL REGISTER

R/W-0 U-0 R/W-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0
VREN — VRR — VR3 VR2 VR1 VRO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 VREN: CVREF Enable bit

1 = CVREF circuit powered on
0 = CVREF circuit powered down, no IDD drain and CVREF = Vss.

bit 6 Unimplemented: Read as ‘0’
bit 5 VRR: CVREF Range Selection bit
1 =Low range
0 = High range
bit 4 Unimplemented: Read as ‘0’
bit 3-0 VR<3:0>: CVREF Value Selection bits (0 < VR<3:0> < 15)

When VRR = 1: CVREF = (VR<3:0>/24) * VDD
When VRR = 0: CVREF = VDD/4 + (VR<3:0>/32) * VDD
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FIGURE 8-8: COMPARATOR VOLTAGE REFERENCE BLOCK DIAGRAM
16 Stages
A
8R R R R R
VDD L] - 0 00 o \N\\ 0NN/, |

8R _J—VRR

16-1 Analog
MUX

VREN 15

CVREF to 14

Comparator «—e—— 5
Input 1 —

0

VR<3:0>("

O—— VREN
i — VR<3:0>= 0000
——VRR

= Note 1: Care should be taken to ensure VREF remains
within the comparator common mode input range.
See Section 19.0 “Electrical Specifications”
for more detail.

TABLE 8-2: SUMMARY OF REGISTERS ASSOCIATED WITH THE COMPARATOR AND VOLTAGE
REFERENCE MODULES

Value on Value on

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR all other

Resets
ANSEL ANS7 ANS6 ANS5 ANS4 ANS3 ANS2 ANS1 ANSO 1111 1111 | 1111 1111
CMCONO C20UT C10UT | C2INV | C1INV CIS CM2 CM1 CMO 0000 0000 | 0000 0000
CMCON1 — — — — — — T1GSS | C2SYNC | ---- -- 10 | ---- -- 10
INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000x
PIE2 OSFIE C2IE C1IE LCDIE — LVDIE — CCP2IE 0000 -0-0 | 0000 -0-0
PIR2 OSFIF C2IF C1IF LCDIF — LVDIF — CCP2IF 0000 -0-0 | 0000 -0-0
PORTA RA7 RA6 RA5 RA4 RA3 RA2 RA1 RAO XXXX XXXX | uuuu uuuu
TRISA TRISA7 | TRISA6 | TRISA5 | TRISA4 | TRISA3 | TRISA2 | TRISA1 TRISAO 1111 1111 | 1111 1111
VRCON VREN — VRR — VR3 VR2 VR1 VRO 0-0- 0000 | 0000 0000

Legend: x =unknown, u = unchanged, - = unimplemented, read as ‘0’. Shaded cells are not used for comparator.
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NOTES:
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9.0 ADDRESSABLE UNIVERSAL
SYNCHRONOUS
ASYNCHRONOUS RECEIVER
TRANSMITTER (AUSART)

The Addressable Universal Synchronous

Asynchronous Receiver Transmitter (AUSART)

module is a serial /O communications peripheral. It
contains all the clock generators, shift registers and
data buffers necessary to perform an input or output
serial data transfer independent of device program
execution. The AUSART, also known as a Serial
Communications Interface (SCI), can be configured as
a full-duplex asynchronous system or half-duplex
synchronous system. Full-Duplex mode is useful for
communications with peripheral systems, such as CRT
terminals and personal computers. Half-Duplex
Synchronous mode is intended for communications
with peripheral devices, such as A/D or D/A integrated
circuits, serial EEPROMs or other microcontrollers.
These devices typically do not have internal clocks for
baud rate generation and require the external clock
signal provided by a master synchronous device.

FIGURE 9-1:

The AUSART module includes the following capabilities:

« Full-duplex asynchronous transmit and receive
» Two-character input buffer

» One-character output buffer

* Programmable 8-bit or 9-bit character length

» Address detection in 9-bit mode

« Input buffer overrun error detection

» Received character framing error detection

» Half-duplex synchronous master

» Half-duplex synchronous slave

» Sleep operation

Block diagrams of the AUSART transmitter and
receiver are shown in Figure 9-1 and Figure 9-2.

AUSART TRANSMIT BLOCK DIAGRAM

Data Bus
TXIE

| TXREG Register I |

| Interrupt
TXIF |

TX/CK pin

: Multiplier | x4 | x16 | x64 :

SYNC 1 0 0

! SPBRG BRGH | x | 1 | o |!

0 . Pin Buffer
, and Control

TRMT SPEN
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FIGURE 9-2: AUSART RECEIVE BLOCK DIAGRAM

SPEN

RX/DT pin

Pin Buffer
and Control

Data
Recovery

SYNC 1 0 0

SPBRG BRGH x 1 0

; Multiplier | x4 | x16 | x64 |—2

CREN | OERR |
© Msb RSR Register  LSb
| stop | (&) 7| eee [1] 0]|sTART|

FERR

RX9D

) J FIFO
RCREG Register

8
Data Bus

RCIF Interrupt
RCIE

The operation of the AUSART module is controlled
through two registers:

» Transmit Status and Control (TXSTA)

» Receive Status and Control (RCSTA)

These registers are detailed in Register 9-1 and
Register 9-2 respectively.
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9.1 AUSART Asynchronous Mode

The AUSART transmits and receives data using the
standard non-return-to-zero (NRZ) format. NRZ is
implemented with two levels: a VOH mark state which
represents a ‘1’ data bit, and a VoL space state which
represents a ‘0’ data bit. NRZ refers to the fact that
consecutively transmitted data bits of the same value
stay at the output level of that bit without returning to a
neutral level between each bit transmission. An NRZ
transmission port idles in the mark state. Each character
transmission consists of one Start bit followed by eight
or nine data bits and is always terminated by one or
more Stop bits. The Start bit is always a space and the
Stop bits are always marks. The most common data
format is 8 bits. Each transmitted bit persists for a period
of 1/(Baud Rate). An on-chip dedicated 8-bit Baud Rate
Generator is used to derive standard baud rate
frequencies from the system oscillator. See Table 9-5 for
examples of baud rate configurations.

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

9.1.1 AUSART ASYNCHRONOUS
TRANSMITTER

The AUSART transmitter block diagram is shown in
Figure 9-1. The heart of the transmitter is the serial
Transmit Shift Register (TSR), which is not directly
accessible by software. The TSR obtains its data from
the transmit buffer, which is the TXREG register.

9.1.1.1 Enabling the Transmitter

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

e« TXEN=1
*« SYNC=0
« SPEN=1

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

Setting the TXEN bit of the TXSTA register enables the
transmitter circuitry of the AUSART. Clearing the SYNC
bit of the TXSTA register configures the AUSART for
asynchronous operation. Setting the SPEN bit of the
RCSTA register enables the AUSART and automatically
configures the TX/CK I/O pin as an output.

The LCD SEGS9 function must be disabled by clearing
the SE9 bit of the LCDSE1 register, if the TX/CK pin is
shared with the LCD peripheral.

Note 1: When the SPEN bit is set the RX/DT I/O pin
is automatically configured as an input,
regardless of the state of the corresponding
TRIS bit and whether or not the AUSART
receiver is enabled. The RX/DT pin data
can be read via a normal PORT read but
PORT latch data output is precluded.

2: The TXIF transmitter interrupt flag is set
when the TXEN enable bit is set.

9.1.1.2 Transmitting Data

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

9.1.1.3 Transmit Interrupt Flag

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

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

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

© 2007 Microchip Technology Inc.
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9.1.1.4 TSR Status

The TRMT bit of the TXSTA register indicates the
status of the TSR register. This is a read-only bit. The
TRMT bit is set when the TSR register is empty and is
cleared when a character is transferred to the TSR
register from the TXREG. The TRMT bit remains clear
until all bits have been shifted out of the TSR register.
No interrupt logic is tied to this bit, so the user has to
poll this bit to determine the TSR status.

Note: The TSR register is not mapped in data
memory, so it is not available to the user.
9.1.1.5 Transmitting 9-Bit Characters

The AUSART supports 9-bit character transmissions.
When the TX9 bit of the TXSTA register is set the
AUSART will shift 9 bits out for each character transmit-
ted. The TX9D bit of the TXSTA register is the ninth,
and Most Significant, data bit. When transmitting 9-bit
data, the TX9D data bit must be written before writing
the 8 Least Significant bits into the TXREG. All nine bits
of data will be transferred to the TSR shift register
immediately after the TXREG is written.

A special 9-bit Address mode is available for use with
multiple receivers. See Section 9.1.2.7 “Address
Detection” for more information on the Address mode.

9.1.1.6
1.

Asynchronous Transmission Set-up:

Initialize the SPBRG register and the BRGH bit to
achieve the desired baud rate (see Section 9.2
“AUSART Baud Rate Generator (BRG)”).

Enable the asynchronous serial port by clearing
the SYNC bit and setting the SPEN bit.

If 9-bit transmission is desired, set the TX9 con-
trol bit. A set ninth data bit will indicate that the 8
Least Significant data bits are an address when
the receiver is set for address detection.

Enable the transmission by setting the TXEN
control bit. This will cause the TXIF interrupt bit
to be set.

If interrupts are desired, set the TXIE interrupt
enable bit of the PIE1 register. An interrupt will
occur immediately provided that the GIE and
PEIE bits of the INTCON register are also set.
If 9-bit transmission is selected, the ninth bit
should be loaded into the TX9D data bit.

Load 8-bit data into the TXREG register. This
will start the transmission.

FIGURE 9-3: ASYNCHRONOUS TRANSMISSION
Write to TXREG I (C
BRG Output Word 1 2 )
utpu !
(Shift Clock) —  L—— l l | Sy N | —
TX/CK pin N\ Start bit bito____ bit1 ><j S X bit78_/Stopbit .
Co Word 1 ' :
TXIF bit , '
(Transmit Buffer —-' <«1TCcyYy (( .
Empty Flag) |_| ) ) ;
. Word1 — !
TRMT bit ; . |
(Transmit Shift Transmit Shift Reg .
Reg. Empty Flag) —| ((
) )
FIGURE 9-4: ASYNCHRONOUS TRANSMISSION (BACK-TO-BACK)
Write to TXREG I 1 S S
Word 1 Word 2
BRG Quiput s I s I | L1 L | |
(Shift Clock) , : 5
TX/CK pin TN\ Startbit < bito _X__bitd S X bit7/8 stopbit \Startbit < bito
TXIFbit oo Word 1 ' Word 2
(Transmit Buffer (. or i
Empty Flag) L X ((
- = 1Tcy ))
TRMT bit Word 1' — Word2 — ™
RegrEarr:]ser/ltFSlgg; Transmit Shift Reg. .’ Transmit Shift Reg.
1
) )
Note: This timing diagram shows two consecutive transmissions.
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TABLE 9-1: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION

Value on Value on

Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR all other

Resets
INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000x
LCDCON LCDEN | SLPEN | WERR |VLCDEN CS1 CSO0 LMUX1 | LMUXO | 0001 0011 | 0001 0011l
LCDSE1 SE15 SE14 SE13 SE12 SEMN SE10 SE9 SE8 0000 0000 | 0000 0000
PIE1 EEIE ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000 | 0000 0000
PIR1 EEIF ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
RCSTA SPEN RX9 SREN CREN | ADDEN FERR OERR RX9D 0000 000x | 0000 000x
SPBRG BRG7 BRG6 BRG5 BRG4 BRG3 BRG2 BRG1 BRGO 0000 0000 | 0000 0000
SSPCON WCOL | SSPOV | SSPEN CKP SSPM3 | SSPM2 | SSPM1 | SSPMO | 0000 0000 | 0000 0000
TRISC TRISC7 | TRISC6 | TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO | 1111 1111 | 1111 1111
TXREG AUSART Transmit Data Register 0000 0000 | 0000 0000
TXSTA CSRC TX9 TXEN SYNC — BRGH TRMT TX9D 0000 -010 | 0000 -010

Legend: x =unknown, - = unimplemented read as ‘0’. Shaded cells are not used for Asynchronous Transmission.
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9.1.2 AUSART ASYNCHRONOUS
RECEIVER

The Asynchronous mode is typically used in RS-232
systems. The receiver block diagram is shown in
Figure 9-2. The data is received on the RX/DT pin and
drives the data recovery block. The data recovery block
is actually a high-speed shifter operating at 16 times
the baud rate, whereas the serial Receive Shift
Register (RSR) operates at the bit rate. When all 8 or 9
bits of the character have been shifted in, they are
immediately transferred to a two character First-In
First-Out (FIFO) memory. The FIFO buffering allows
reception of two complete characters and the start of a
third character before software must start servicing the
AUSART receiver. The FIFO and RSR registers are not
directly accessible by software. Access to the received
data is via the RCREG register.

9.1.2.1 Enabling the Receiver

The AUSART receiver is enabled for asynchronous
operation by configuring the following three control bits:

*« CREN=1
* SYNC=0
« SPEN=1

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

Setting the CREN bit of the RCSTA register enables the
receiver circuitry of the AUSART. Clearing the SYNC bit
of the TXSTA register configures the AUSART for
asynchronous operation. Setting the SPEN bit of the
RCSTA register enables the AUSART and automatically
configures the RX/DT /O pin as an input.

The LCD SEGS8 function must be disabled by clearing
the SEB8 bit of the LCDSE1 register, if the RX/DT pin is
shared with the LCD peripheral.

Note: When the SPEN bit is set the TX/CK 1/0
pin is automatically configured as an
output, regardless of the state of the
corresponding TRIS bit and whether or not
the AUSART transmitter is enabled. The
PORT latch is disconnected from the
output driver so it is not possible to use the

TX/CK pin as a general purpose output.

9.1.2.2 Receiving Data

The receiver data recovery circuit initiates character
reception on the falling edge of the first bit. The first bit,
also known as the Start bit, is always a zero. The data
recovery circuit counts one-half bit time to the center of
the Start bit and verifies that the bit is still a zero. If it is
not a zero then the data recovery circuit aborts
character reception, without generating an error, and
resumes looking for the falling edge of the Start bit. If
the Start bit zero verification succeeds then the data
recovery circuit counts a full bit time to the center of the
next bit. The bit is then sampled by a majority detect
circuit and the resulting ‘0’ or ‘1’ is shifted into the RSR.
This repeats until all data bits have been sampled and
shifted into the RSR. One final bit time is measured and
the level sampled. This is the Stop bit, which is always
a ‘1’. If the data recovery circuit samples a ‘0’ in the
Stop bit position then a framing error is set for this
character, otherwise the framing error is cleared for this
character. See Section 9.1.2.4 “Receive Framing
Error” for more information on framing errors.

Immediately after all data bits and the Stop bit have
been received, the character in the RSR is transferred
to the AUSART receive FIFO and the RCIF interrupt
flag bit of the PIR1 register is set. The top character in
the FIFO is transferred out of the FIFO by reading the
RCREG register.

Note: If the receive FIFO is overrun, no additional
characters will be received until the overrun
condition is cleared. See Section 9.1.2.5
“Receive Overrun Error” for more
information on overrun errors.

9.1.2.3 Receive Interrupts

The RCIF interrupt flag bit of the PIR1 register is set
whenever the AUSART receiver is enabled and there is
an unread character in the receive FIFO. The RCIF
interrupt flag bit is read-only, it cannot be set or cleared
by software.

RCIF interrupts are enabled by setting all of the
following bits:
» RCIE interrupt enable bit of the PIE1 register
* PEIE peripheral interrupt enable bit of the
INTCON register
» GIE global interrupt enable bit of the INTCON
register

The RCIF interrupt flag bit of the PIR1 register will be
set when there is an unread character in the FIFO,
regardless of the state of interrupt enable bits.
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9.1.24 Receive Framing Error

Each character in the receive FIFO buffer has a
corresponding framing error Status bit. A framing error
indicates that a Stop bit was not seen at the expected
time. The framing error status is accessed via the
FERR bit of the RCSTA register. The FERR bit
represents the status of the top unread character in the
receive FIFO. Therefore, the FERR bit must be read
before reading the RCREG.

The FERR bit is read-only and only applies to the top
unread character in the receive FIFO. A framing error
(FERR = 1) does not preclude reception of additional
characters. It is not necessary to clear the FERR bit.
Reading the next character from the FIFO buffer will
advance the FIFO to the next character and the next
corresponding framing error.

The FERR bit can be forced clear by clearing the SPEN
bit of the RCSTA register which resets the AUSART.
Clearing the CREN bit of the RCSTA register does not
affect the FERR bit. A framing error by itself does not
generate an interrupt.

Note: If all receive characters in the receive
FIFO have framing errors, repeated reads
of the RCREG will not clear the FERR bit.

9.1.25 Receive Overrun Error

The receive FIFO buffer can hold two characters. An
overrun error will be generated If a third character, in its
entirety, is received before the FIFO is accessed. When
this happens the OERR bit of the RCSTA register is set.
The characters already in the FIFO buffer can be read
but no additional characters will be received until the
error is cleared. The error must be cleared by either
clearing the CREN bit of the RCSTA register.

9.1.2.6 Receiving 9-bit Characters

The AUSART supports 9-bit character reception. When
the RX9 bit of the RCSTA register is set the AUSART
will shift 9 bits into the RSR for each character
received. The RX9D bit of the RCSTA register is the
ninth and Most Significant data bit of the top unread
character in the receive FIFO. When reading 9-bit data
from the receive FIFO buffer, the RX9D data bit must
be read before reading the 8 Least Significant bits from
the RCREG.

9.1.2.7 Address Detection

A special Address Detection mode is available for use
when multiple receivers share the same transmission
line, such as in RS-485 systems. Address detection is
enabled by setting the ADDEN bit of the RCSTA
register.

Address detection requires 9-bit character reception.
When address detection is enabled, only characters
with the ninth data bit set will be transferred to the
receive FIFO buffer, thereby setting the RCIF interrupt
bit of the PIR1 register. All other characters will be
ignored.

Upon receiving an address character, user software
determines if the address matches its own. Upon
address match, user software must disable address
detection by clearing the ADDEN bit before the next
Stop bit occurs. When user software detects the end of
the message, determined by the message protocol
used, software places the receiver back into the
Address Detection mode by setting the ADDEN bit.
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9.1.2.8 Asynchronous Reception Set-up:

1. Initialize the SPBRG register and the BRGH bit
to achieve the desired baud rate (see

9.1.2.9 9-bit Address Detection Mode Set-up

This mode would typically be used in RS-485 systems.
To set up an Asynchronous Reception with Address

Section 9.2 “AUSART Baud Rate Generator
(BRG)”).

Detect Enable:

1. Initialize the SPBRG register and the BRGH bit

2. Enable the serial port by Setting the SPEN bit. to achieve the desired baud rate (see
The SYNC bit must be clear for asynchronous Section 9.2 “AUSART Baud Rate Generator
operation. (BRG)”).

3. If interrupts are desired, set the RCIE bit of the 2. Enable the serial port by setting the SPEN bit.
PIE1 register and the GIE and PEIE bits of the The SYNC bit must be clear for asynchronous
INTCON register. operation_

4. If 9-bit reception is desired, set the RX9 bit. 3. If interrupts are desired, set the RCIE bit of the

5. Enable reception by setting the CREN bit. PIE1 register and the GIE and PEIE bits of the

6. The RCIF interrupt flag bit of the PIR1 register INTCON register.
will be set when a character is transferred from 4. Enable 9-bit reception by setting the RX9 bit.
the RSR to the receive buffer. An interrupt will be 5. Enable address detection by setting the ADDEN
generated if the RCIE bit of the PIE1 register bit.
was also set. ) 6. Enable reception by setting the CREN bit.

I Read' the RCSTA reglsFer t,O get the error ﬂggs 7. The RCIF interrupt flag bit of the PIR1 register
and, |f'9-b|t data reception is enabled, the ninth will be set when a character with the ninth bit set
data bit. . o ' is transferred from the RSR to the receive buffer.

8. Get the received 8 Least Significant data bits An interrupt will be generated if the RCIE inter-
from the receive buffer by reading the RCREG rupt enable bit of the PIE1 register was also set.
register. 8. Read the RCSTA register to get the error flags.

9. If an overrun occurred, clear the OERR flag by The ninth data bit will always be set.
clearing the CREN receiver enable bit. 9. Get the received 8 Least Significant data bits

from the receive buffer by reading the RCREG
register. Software determines if this is the
device’s address.

10. If an overrun occurred, clear the OERR flag by
clearing the CREN receiver enable bit.

11. If the device has been addressed, clear the
ADDEN bit to allow all received data into the
receive buffer and generate interrupts.

FIGURE 9-5: ASYNCHRONOUS RECEPTION

Start Start Start
RX/DT pin bit 4"bit 0% bit 1 X\ D(bit 718/ sg%p\ ot b0 B D(bit 7/8 stt)%p\ bit ,(:S D(bit 7/8: Stop
Rog SN ( n ( n (( :
Rcv Buffer Reg :T Word 1 Word 2 T )) :
.| RCREG RCREG !
Read Rcv ! :
Buffer Reg S S X S S 5 S 0 Ju)
RCREG ‘ : )
X (( (( :
RCIF (( .
(Interrupt Flag) )) I ) )) )
i (( (( ((
OERR bit 5§ 5§ S .
CREN (( (( (( ‘>
)) )) )) [
Note: This timing diagram shows three words appearing on the RX input. The RCREG (receive buffer) is read after the third word,

causing the OERR (overrun) bit to be set.
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TABLE 9-2: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION

Value on Value on

Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR all other

Resets
INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000x
LCDCON LCDEN | SLPEN | WERR |VLCDEN CS1 CSO0 LMUX1 | LMUXO | 0001 0011 | 0001 0011l
LCDSE1 SE15 SE14 SE13 SE12 SEMN SE10 SE9 SE8 0000 0000 | 0000 0000
PIE1 EEIE ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000 | 0000 0000
PIR1 EEIF ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
RCREG AUSART Receive Data Register 0000 0000 | 0000 0000
RCSTA SPEN RX9 SREN CREN | ADDEN FERR OERR RX9D 0000 000x | 0000 000x
SPBRG BRG7 BRG6 BRG5 BRG4 BRG3 BRG2 BRG1 BRGO | 0000 0000 | 0000 0000
SSPCON WCOL | SSPOV | SSPEN CKP SSPM3 | SSPM2 | SSPM1 | SSPMO | 0000 0000 | 0000 0000
TRISC TRISC7 | TRISC6 | TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO | 1111 1111 | 1111 1111
TXSTA CSRC TX9 TXEN SYNC — BRGH TRMT TX9D 0000 -010 | 0000 -010

Legend: x =unknown, - = unimplemented read as ‘0’. Shaded cells are not used for Asynchronous Reception.
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REGISTER 9-1: TXSTA: TRANSMIT STATUS AND CONTROL REGISTER
R/W-0 R/W-0 R/W-0 R/W-0 u-0 R/W-0 R-1 R/W-0
CSRC TX9 TXEN( SYNC — BRGH TRMT TX9D

bit 7 bit 0

Legend:

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

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 7 CSRC: Clock Source Select bit

bit 6

bit 5

bit 4

bit 3
bit 2

bit 1

bit 0

Note 1:

Asynchronous mode:
Don't care
Synchronous mode:

1 = Master mode (clock generated internally from BRG)
0 = Slave mode (clock from external source)

TX9: 9-bit Transmit Enable bit

1 = Selects 9-bit transmission

0 = Selects 8-bit transmission
TXEN: Transmit Enable bit(!)

1 = Transmit enabled

0 = Transmit disabled

SYNC: AUSART Mode Select bit
1 = Synchronous mode

0 = Asynchronous mode
Unimplemented: Read as ‘0’

BRGH: High Baud Rate Select bit
Asynchronous mode:

1 = High speed

0 = Low speed

Synchronous mode:

Unused in this mode

TRMT: Transmit Shift Register Status bit
1= TSR empty

0= TSR full

TX9D: Ninth bit of Transmit Data

Can be address/data bit or a parity bit.

SREN/CREN overrides TXEN in Sync mode.
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REGISTER 9-2: RCSTA: RECEIVE STATUS AND CONTROL REGISTER("

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R-0 R-0 R-x
SPEN RX9 SREN CREN ADDEN FERR ‘ OERR RX9D
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 SPEN: Serial Port Enable bit

1 = Serial port enabled (configures RX/DT and TX/CK pins as serial port pins)
0 = Serial port disabled (held in Reset)
bit 6 RX9: 9-bit Receive Enable bit
1 = Selects 9-bit reception
0 = Selects 8-bit reception
bit 5 SREN: Single Receive Enable bit
Asynchronous mode:
Don't care
Synchronous mode — Master:

1 = Enables single receive
0 = Disables single receive
This bit is cleared after reception is complete.
Synchronous mode — Slave

Don’t care
bit 4 CREN: Continuous Receive Enable bit
Asynchronous mode:

1 = Enables receiver
0 = Disables receiver
Synchronous mode:

1 = Enables continuous receive until enable bit CREN is cleared (CREN overrides SREN)
0 = Disables continuous receive

bit 3 ADDEN: Address Detect Enable bit
Asynchronous mode 9-bit (RX9 = 1):

1 = Enables address detection, enable interrupt and load the receive buffer when RSR<8> is set
0 = Disables address detection, all bytes are received and ninth bit can be used as parity bit
Asynchronous mode 8-bit (RX9 = 0):

Don’t care
Synchronous mode:

Must be set to ‘0’
bit 2 FERR: Framing Error bit
1 = Framing error (can be updated by reading RCREG register and receive next valid byte)
0 = No framing error
bit 1 OERR: Overrun Error bit
1 = Overrun error (can be cleared by clearing bit CREN)
0 = No overrun error
bit 0 RX9D: Ninth bit of Received Data
This can be address/data bit or a parity bit and must be calculated by user firmware.
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9.2 AUSART Baud Rate Generator

(BRG)

The Baud Rate Generator (BRG) is an 8-bit timer that
is dedicated to the support of both the asynchronous
and synchronous AUSART operation.

The SPBRG register determines the period of the free
running baud rate timer. In Asynchronous mode the
multiplier of the baud rate period is determined by the
BRGH bit of the TXSTA register. In Synchronous mode,
the BRGH bit is ignored.

Table 9-3 contains the formulas for determining the
baud rate. Example 9-1 provides a sample calculation
for determining the baud rate and baud rate error.

Typical baud rates and error values for various
asynchronous modes have been computed for your
convenience and are shown in Table 9-3. It may be
advantageous to use the high baud rate (BRGH = 1), to
reduce the baud rate error.

Writing a new value to the SPBRG register causes the
BRG timer to be reset (or cleared). This ensures that
the BRG does not wait for a timer overflow before out-
putting the new baud rate.

EXAMPLE 9-1: CALCULATING BAUD
RATE ERROR
For a device with Fosc of 16 MHz, desired baud rate
of 9600, Asynchronous mode:
. _ Fosc
Desired Baud Rate = m
Solving for SPBRG:
Fosc
_ Desired Baud Rate
Yo !
16000000
9600
-1
64

= [25.042] = 25

— 16000000
Calculated Baud Rate = m

= 9615

Error = Calc. Baud Rate — Desired Baud Rate
Desired Baud Rate
_ (9615-9600) _ o
5600 0.16%

TABLE 9-3: BAUD RATE FORMULAS
Configuration Bits
AUSART Mode Baud Rate Formula
SYNC BRGH
0 0 Asynchronous Fosc/[64 (n+1)]
0 1 Asynchronous Fosc/[16 (n+1)]
1 X Synchronous Fosc/[4 (n+1)]
Legend: x =Don'’t care, n = value of SPBRG register
TABLE 9-4: REGISTERS ASSOCIATED WITH THE BAUD RATE GENERATOR
Value on Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 all other
POR, BOR
Resets
RCSTA SPEN RX9 SREN CREN | ADDEN FERR OERR RX9D 0000 000x | 0000 000x
SPBRG BRG7 BRG6 BRG5 BRG4 BRG3 BRG2 BRG1 BRGO 0000 0000 | 0000 0000
TXSTA CSRC TX9 TXEN SYNC — BRGH TRMT TX9D 0000 -010 | 0000 -010
Legend: x =unknown, - = unimplemented read as ‘0’. Shaded cells are not used for the Baud Rate Generator.
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TABLE 9-5: BAUD RATES FOR ASYNCHRONOUS MODES
SYNC =0,BRGH =0
BAUD Fosc =20.000 MHz Fosc = 18.432 MHz Fosc = 11.0592 MHz Fosc = 8.000 MHz
RATE | Actual % S\'::iG Actual % s";?t';‘f Actual % S\';'?ie Actual % S\'::iG
Rate Error (decimal) Rate Error (decimal) Rate Error (decimal) Rate Error (decimal)
300 — — — — — — — — — — — —
1200 1221 1.73 255 1200 0.00 239 1200 0.00 143 1202 0.16 103
2400 2404 0.16 129 2400 0.00 119 2400 0.00 71 2404 0.16 51
9600 9470 -1.36 32 9600 0.00 29 9600 0.00 17 9615 0.16 12
10417 | 10417 0.00 29 10286  -1.26 27 10165  -2.42 16 10417 0.00 11
19.2k 19.53k 1.73 15 19.20k  0.00 14 19.20k  0.00 8 — — —
57.6k — — — 57.60k  0.00 7 57.60k  0.00 2 — — —
115.2k — — — — — — — — — — — —
SYNC =0,BRGH =0
BAUD Fosc = 4.000 MHz Fosc = 3.6864 MHz Fosc =2.000 MHz Fosc = 1.000 MHz
RATE | Actual % S\'::iG Actual % s";?t';‘;G Actual % S\';'?ie Actual % S\'::iG
Rate Error (decimal) Rate Error (decimal) Rate Error (decimal) Rate Error (decimal)
300 300 0.16 207 300 0.00 191 300 0.16 103 300 0.16 51
1200 1202 0.16 51 1200 0.00 47 1202 0.16 25 1202 0.16 12
2400 2404 0.16 25 2400 0.00 23 2404 0.16 12 — — —
9600 — — — 9600 0.00 5 — — — — — —
10417 | 10417 0.00 5 — — — 10417 0.00 2 — — —
19.2k — — — 19.20k  0.00 2 — — — — — —
57.6k — — — 57.60k  0.00 0 — — — — — —
115.2k — — — — — — — — — — — —
SYNC =0,BRGH =1
BAUD Fosc = 20.000 MHz Fosc = 18.432 MHz Fosc = 11.0592 MHz Fosc = 8.000 MHz
RATE Actual % S\':thiG Actual % S‘faBILiG Actual % S\':?iG Actual % S\':thiG
Rate Error (decimal) Rate Error (decimal) Rate Error (decimal) Rate Error (decimal)
300 — — — — — — — — — — — —
1200 — — — — — — — — — — — —
2400 — — — — — — — — — 2404 0.16 207
9600 9615 0.16 129 9600 0.00 119 9600 0.00 71 9615 0.16 51
10417 | 10417 0.00 119 10378  -0.37 110 10473 0.53 65 10417 0.00 47
19.2k 19.23k  0.16 64 19.20k  0.00 59 19.20k  0.00 35 19231 0.16 25
57.6k | 56.82k  -1.36 21 57.60k  0.00 19 57.60k  0.00 11 55556  -3.55 8
115.2k | 113.64k -1.36 10 115.2k  0.00 9 115.2k  0.00 5 — — —
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TABLE 9-5: BAUD RATES FOR ASYNCHRONOUS MODES
SYNC =0,BRGH =1
BAUD Fosc =4.000 MHz Fosc = 3.6864 MHz Fosc =2.000 MHz Fosc = 1.000 MHz
RATE | Actual % S":?iG Actual % S"::l'le Actual % s":jliG Actual % S":jie
Rate Error (decimal) Rate Error (decimal) Rate Error (decimal) Rate Error (decimal)
300 — — — — — — — — — 300 0.16 207
1200 1202 0.16 207 1200 0.00 191 1202 0.16 103 1202 0.16 51
2400 2404 0.16 103 2400 0.00 95 2404 0.16 51 2404 0.16 25
9600 9615 0.16 25 9600 0.00 23 9615 0.16 12 — — —
10417 | 10417 0.00 23 10473 0.53 21 10417 0.00 11 10417 0.00 5
19.2k | 19.23k  0.16 12 19.2k 0.00 11 — — — — — —
57.6k — — — 57.60k  0.00 3 — — — — — —
115.2k — — — 115.2k  0.00 1 — — — — — —
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9.3 AUSART Synchronous Mode

Synchronous serial communications are typically used
in systems with a single master and one or more
slaves. The master device contains the necessary cir-
cuitry for baud rate generation and supplies the clock
for all devices in the system. Slave devices can take
advantage of the master clock by eliminating the inter-
nal clock generation circuitry.

There are two signal lines in Synchronous mode: a bidi-
rectional data line and a clock line. Slaves use the
external clock supplied by the master to shift the serial
data into and out of their respective receive and trans-
mit shift registers. Since the data line is bidirectional,
synchronous operation is half-duplex only. Half-duplex
refers to the fact that master and slave devices can
receive and transmit data but not both simultaneously.
The AUSART can operate as either a master or slave
device.

Start and Stop bits are not used in synchronous
transmissions.

9.3.1 SYNCHRONOUS MASTER MODE

The following bits are used to configure the AUSART
for Synchronous Master operation:

*« SYNC=1
*« CSRC=1
* SREN = 0 (for transmit); SREN = 1 (for receive)
* CREN = 0 (for transmit); CREN = 1 (for receive)
« SPEN=1

Setting the SYNC bit of the TXSTA register configures
the device for synchronous operation. Setting the CSRC
bit of the TXSTA register configures the device as a
master. Clearing the SREN and CREN bits of the RCSTA
register ensures that the device is in the Transmit mode,
otherwise the device will be configured to receive. Setting
the SPEN bit of the RCSTA register enables the
AUSART.

The LCD SEG8 and SEG9 functions must be disabled
by clearing the SE8 and SE9 bits of the LCDSE1
register, if the RX/DT and TX/CK pins are shared with
the LCD peripheral.

9.3.1.1 Master Clock

Synchronous data transfers use a separate clock line,
which is synchronous with the data. A device config-
ured as a master transmits the clock on the TX/CK line.
The TX/CK pin output driver is automatically enabled
when the AUSART is configured for synchronous
transmit or receive operation. Serial data bits change
on the leading edge to ensure they are valid at the trail-
ing edge of each clock. One clock cycle is generated
for each data bit. Only as many clock cycles are gener-
ated as there are data bits.

9.3.1.2 Synchronous Master Transmission

Data is transferred out of the device on the RX/DT pin.
The RX/DT and TX/CK pin output drivers are automat-
ically enabled when the AUSART is configured for
synchronous master transmit operation.

A transmission is initiated by writing a character to the
TXREG register. If the TSR still contains all or part of a
previous character the new character data is held in the
TXREG until the last bit of the previous character has
been transmitted. If this is the first character, or the pre-
vious character has been completely flushed from the
TSR, the data in the TXREG is immediately transferred
to the TSR. The transmission of the character com-
mences immediately following the transfer of the data
to the TSR from the TXREG.

Each data bit changes on the leading edge of the
master clock and remains valid until the subsequent
leading clock edge.

Note: The TSR register is not mapped in data

memory, so it is not available to the user.

9.3.1.3 Synchronous Master Transmission
Set-up:

1. Initialize the SPBRG register and the BRGH bit
to achieve the desired baud rate (see
Section 9.2 “AUSART Baud Rate Generator
(BRG)”).

2. Enable the synchronous master serial port by
setting bits SYNC, SPEN, and CSRC.

3. Disable Receive mode by clearing bits SREN
and CREN.

4. Enable Transmit mode by setting the TXEN bit.

5. If 9-bit transmission is desired, set the TX9 bit.

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

7. If 9-bit transmission is selected, the ninth bit
should be loaded in the TX9D bit.

8. Start transmission by loading data to the TXREG
register.

© 2007 Microchip Technology Inc.
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FIGURE 9-6: SYNCHRONOUS TRANSMISSION
el X B0 > BitT B2 X § X BT X B X BITX < o mr—
- Word 1 - Word 2 -
TXICK pin [ S oy I oy N o S s S e N s Y s I s O G ey
Write to 1 [1 S S S S
TXREGReg  write Word 1 Write Word 2
TXIF bit . ((
(Interrupt Flag) L S g ))
TRMT bit —| S S S S ,—
. 1
TXEN bit S ( S S
Note: Sync Master mode, SPBRG = 0, continuous transmission of two 8-bit words.
FIGURE 9-7: SYNCHRONOUS TRANSMISSION (THROUGH TXEN)

RX/DT pin X bit 0 X bit 1 Xbitzgg X bité X bhit7

TX/CK pin M M

Write to :
TXREG reg j 5 S .
i ' ((C :
TXIF bit m ( :
TRMT bit 4‘ %
))
((
TXEN bit ))

TABLE 9-6: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER TRANSMISSION

Value on Value on

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR all other

Resets
INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000x
LCDCON LCDEN | SLPEN | WERR |VLCDEN Cs1 CS0 LMUX1 | LMUXO | 0001 0011 | 0001 0011
LCDSE1 SE15 SE14 SE13 SE12 SE11 SE10 SE9 SE8 0000 0000 | 0000 0000
PIE1 EEIE ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000 | 0000 0000
PIR1 EEIF ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
RCSTA SPEN RX9 SREN CREN | ADDEN FERR OERR RX9D 0000 000x | 0000 000x
SPBRG BRG7 BRG6 BRG5 BRG4 BRG3 BRG2 BRG1 BRGO 0000 0000 | 0000 0000
SSPCON WCOL | SSPOV | SSPEN CKP SSPM3 | SSPM2 | SSPM1 | SSPMO | 0000 0000 | 0000 0000
TRISC TRISC7 | TRISC6 | TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO | 1111 1111 | 1111 1111
TXREG AUSART Transmit Data Register 0000 0000 | 0000 0000
TXSTA CSRC TX9 TXEN SYNC — BRGH TRMT TX9D 0000 -010 | 0000 -010

Legend: x =unknown, - = unimplemented read as ‘0’. Shaded cells are not used for Synchronous Master Transmission.
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9.3.14 Synchronous Master Reception

Data is received at the RX/DT pin. The RX/DT pin
output driver is automatically disabled when the
AUSART is configured for synchronous master receive
operation.

In Synchronous mode, reception is enabled by setting
either the Single Receive Enable bit (SREN of the
RCSTA register) or the Continuous Receive Enable bit
(CREN of the RCSTA register).

When SREN is set and CREN is clear, only as many
clock cycles are generated as there are data bits in a
single character. The SREN bit is automatically cleared
at the completion of one character. When CREN is set,
clocks are continuously generated untii CREN is
cleared. If CREN is cleared in the middle of a character
the CK clock stops immediately and the partial charac-
ter is discarded. If SREN and CREN are both set, then
SREN is cleared at the completion of the first character
and CREN takes precedence.

To initiate reception, set either SREN or CREN. Data is
sampled at the RX/DT pin on the trailing edge of the
TX/CK clock pin and is shifted into the Receive Shift
Register (RSR). When a complete character is
received into the RSR, the RCIF bit of the PIR1 register
is set and the character is automatically transferred to
the two character receive FIFO. The Least Significant
eight bits of the top character in the receive FIFO are
available in RCREG. The RCIF bit remains set as long
as there are un-read characters in the receive FIFO.

9.31.5 Slave Clock

Synchronous data transfers use a separate clock line,
which is synchronous with the data. A device configured
as a slave receives the clock on the TX/CK line. The
TX/CK pin output driver is automatically disabled when
the device is configured for synchronous slave transmit
or receive operation. Serial data bits change on the
leading edge to ensure they are valid at the trailing edge
of each clock. One data bit is transferred for each clock
cycle. Only as many clock cycles should be received as
there are data bits.

9.3.1.6 Receive Overrun Error

The receive FIFO buffer can hold two characters. An
overrun error will be generated if a third character, in its
entirety, is received before RCREG is read to access
the FIFO. When this happens the OERR bit of the
RCSTA register is set. Previous data in the FIFO will
not be overwritten. The two characters in the FIFO
buffer can be read, however, no additional characters
will be received until the error is cleared. The OERR bit
can only be cleared by clearing the overrun condition.
If the overrun error occurred when the SREN bit is set
and CREN is clear then the error is cleared by reading
RCREG. If the overrun occurred when the CREN bit is
set then the error condition is cleared by either clearing
the CREN bit of the RCSTA register.

9.3.1.7 Receiving 9-bit Characters

The AUSART supports 9-bit character reception. When
the RX9 bit of the RCSTA register is set the AUSART
will shift 9-bits into the RSR for each character
received. The RX9D bit of the RCSTA register is the
ninth, and Most Significant, data bit of the top unread
character in the receive FIFO. When reading 9-bit data
from the receive FIFO buffer, the RX9D data bit must
be read before reading the 8 Least Significant bits from
the RCREG.

Address detection in Synchronous modes is not
supported, therefore the ADDEN bit of the RCSTA
register must be cleared.

9.3.1.8 Synchronous Master Reception
Set-up:

1. Initialize the SPBRG register for the appropriate
baud rate. Set or clear the BRGH bit, as
required, to achieve the desired baud rate.

2. Enable the synchronous master serial port by
setting bits SYNC, SPEN and CSRC.

3. Ensure bits CREN and SREN are clear.

4. |If interrupts are desired, set the RCIE bit of the
PIE1 register and the GIE and PEIE bits of the
INTCON register.

5. If 9-bit reception is desired, set bit RX9.

6. Verify address detection is disabled by clearing
the ADDEN bit of the RCSTA register.

7. Start reception by setting the SREN bit or for
continuous reception, set the CREN bit.

8. Interrupt flag bit RCIF of the PIR1 register will be
set when reception of a character is complete.
An interrupt will be generated if the RCIE inter-
rupt enable bit of the PIE1 register was set.

9. Read the RCSTA register to get the ninth bit (if
enabled) and determine if any error occurred
during reception.

10. Read the 8-bit received data by reading the
RCREG register.

11. If an overrun error occurs, clear the error by
either clearing the CREN bit of the RCSTA
register or by clearing the SPEN bit which resets
the AUSART.

© 2007 Microchip Technology Inc.
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FIGURE 9-8: SYNCHRONOUS RECEPTION (MASTER MODE, SREN)

! X bito X bit1 bit2 > bit3 X bita X bit5 X bit6 > bit7
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TX/CK pin
(SCKP =1) L 1

Write to

bit SREN
SREN bit ___| -
CREN bit 9" ‘o’

RCIF bit
(Interrupt) ’-q I—

Read
RXREG

Note: Timing diagram demonstrates Sync Master mode with bit SREN = 1 and bit BRGH = 0.

TABLE 9-7: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER RECEPTION

Value on Value on

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR all other

Resets
INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000x
LCDCON LCDEN | SLPEN | WERR |VLCDEN Cs1 CSO0 LMUX1 | LMUXO | 0001 0011 | 0001 0011l
LCDSE1 SE15 SE14 SE13 SE12 SEMN SE10 SE9 SE8 0000 0000 | 0000 0000
PIE1 EEIE ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000 | 0000 0000
PIR1 EEIF ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
RCREG AUSART Receive Data Register 0000 0000 | 0000 0000
RCSTA SPEN RX9 SREN CREN | ADDEN FERR OERR RX9D 0000 000X | 0000 000X
SSPCON WCOL | SSPOV | SSPEN CKP SSPM3 | SSPM2 | SSPM1 | SSPMO | 0000 0000 | 0000 0000
TRISC TRISC7 | TRISC6 | TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO | 1111 1111 | 1111 1111
TXSTA CSRC TX9 TXEN SYNC — BRGH TRMT TX9D 0000 -010 | 0000 -010

Legend: x =unknown, - = unimplemented read as ‘0’. Shaded cells are not used for Synchronous Master Reception.
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9.3.2 SYNCHRONOUS SLAVE MODE

The following bits are used to configure the AUSART
for Synchronous slave operation:

« SYNC=1
« CSRC=0
* SREN = o (for transmit); SREN = 1 (for receive)
* CREN = 0 (for transmit); CREN = 1 (for receive)
« SPEN=1

Setting the SYNC bit of the TXSTA register configures the
device for synchronous operation. Clearing the CSRC bit
of the TXSTA register configures the device as a slave.
Clearing the SREN and CREN bits of the RCSTA register
ensures that the device is in the Transmit mode,
otherwise the device will be configured to receive. Setting
the SPEN bit of the RCSTA register enables the
AUSART.

The LCD SEG8 and SEG9 functions must be disabled
by clearing the SE8 and SE9 bits of the LCDSE1
register, if the RX/DT and TX/CK pins are shared with
the LCD peripheral.

9.3.21 AUSART Synchronous Slave

Transmit

The operation of the Synchronous Master and Slave
modes are identical (see Section 9.3.1.2 “Synchronous
Master Transmission”), except in the case of the Sleep
mode.

If two words are written to the TXREG and then the
SLEEP instruction is executed, the following will occur:

1. The first character will immediately transfer to
the TSR register and transmit.

2. The second word will remain in TXREG register.

The TXIF bit will not be set.

4. After the first character has been shifted out of
TSR, the TXREG register will transfer the second
character to the TSR and the TXIF bit will now be
set.

5. If the PEIE and TXIE bits are set, the interrupt
will wake the device from Sleep and execute the
next instruction. If the GIE bit is also set, the
program will call the Interrupt Service Routine.

w

9.3.2.2 Synchronous Slave Transmission
Set-up:
1. Set the SYNC and SPEN bits and clear the
CSRC bit.

2. Clear the CREN and SREN bits.

3. [Ifusing interrupts, ensure that the GIE and PEIE
bits of the INTCON register are set and set the
TXIE bit.

4. If 9-bit transmission is desired, set the TX9 bit.

5. Enable transmission by setting the TXEN bit.

6. Verify address detection is disabled by clearing
the ADDEN bit of the RCSTA register.

7. If 9-bit transmission is selected, insert the Most
Significant bit into the TX9D bit.

8. Start transmission by writing the Least
Significant 8 bits to the TXREG register.

TABLE 9-8: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE TRANSMISSION
Value on Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR all other
Resets
INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000x
LCDCON LCDEN | SLPEN | WERR |VLCDEN CS1 CS0 LMUX1 | LMUXO0 | 0001 0011 | 0001 0011
LCDSE1 SE15 SE14 SE13 SE12 SE11 SE10 SE9 SE8 0000 0000 | 0000 0000
PIE1 EEIE ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000 | 0000 0000
PIR1 EEIF ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
RCSTA SPEN RX9 SREN CREN | ADDEN FERR OERR RX9D 0000 000X | 0000 000X
SSPCON WCOL | SSPOV | SSPEN CKP SSPM3 | SSPM2 | SSPM1 | SSPMO | 0000 0000 | 0000 0000
TRISC TRISC7 | TRISC6 | TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO | 1111 1111 | 1111 1111
TXREG AUSART Transmit Data Register 0000 0000 | 0000 0000
TXSTA CSRC TX9 TXEN SYNC — BRGH TRMT TX9D 0000 -010 | 0000 -010
Legend: x =unknown, - = unimplemented read as ‘0’. Shaded cells are not used for Synchronous Slave Transmission.
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9.3.2.3 AUSART Synchronous Slave

Reception

The operation of the Synchronous Master and Slave
modes is identical (Section 9.3.1.4 “Synchronous
Master Reception”), with the following exceptions:

* Sleep

* CREN bit is always set, therefore the receiver is
never Idle

« SREN bit, which is a “don't care” in Slave mode

A character may be received while in Sleep mode by
setting the CREN bit prior to entering Sleep. Once the
word is received, the RSR register will transfer the data
to the RCREG register. If the RCIE interrupt enable bit
of the PIE1 register is set, the interrupt generated will
wake the device from Sleep and execute the next
instruction. If the GIE bit is also set, the program will
branch to the interrupt vector.

9.3.2.4 Synchronous Slave Reception
Set-up:
1. Set the SYNC and SPEN bits and clear the
CSRC bit.

2. If interrupts are desired, set the RCIE bit of the
PIE1 register and the GIE and PEIE bits of the
INTCON register.

3. If 9-bit reception is desired, set the RX9 bit.

4. Verify address detection is disabled by clearing

the ADDEN bit of the RCSTA register.

Set the CREN bit to enable reception.

6. The RCIF bit of the PIR1 register will be set
when reception is complete. An interrupt will be
generated if the RCIE bit of the PIE1 register
was set.

7. If 9-bit mode is enabled, retrieve the Most
Significant bit from the RX9D bit of the RCSTA
register.

8. Retrieve the 8 Least Significant bits from the
receive FIFO by reading the RCREG register.

9. If an overrun error occurs, clear the error by
either clearing the CREN bit of the RCSTA

o

register.
TABLE 9-9: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE RECEPTION
Value on Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR all other
Resets
INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000x
LCDCON LCDEN | SLPEN | WERR |VLCDEN Cs1 CSO0 LMUX1 | LMUXO | 0001 0011 | 0001 0011l
LCDSE1 SE15 SE14 SE13 SE12 SEMN SE10 SE9 SE8 0000 0000 | 0000 0000
PIE1 EEIE ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000 | 0000 0000
PIR1 EEIF ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
RCREG AUSART Receive Data Register 0000 0000 | 0000 0000
RCSTA SPEN RX9 SREN CREN | ADDEN FERR OERR RX9D 0000 000X | 0000 000X
SSPCON WCOL | SSPOV | SSPEN CKP SSPM3 | SSPM2 | SSPM1 | SSPMO | 0000 0000 | 0000 0000
TRISC TRISC7 | TRISC6 | TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO | 1111 1111 | 1111 1111
TXSTA CSRC TX9 TXEN SYNC — BRGH TRMT TX9D 0000 -010 | 0000 -010
Legend: x =unknown, - = unimplemented read as ‘0’. Shaded cells are not used for Synchronous Slave Reception.
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9.4 AUSART Operation During Sleep

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

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

9.4.1 SYNCHRONOUS RECEIVE DURING
SLEEP

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

* RCSTA and TXSTA Control registers must be
configured for Synchronous Slave Reception (see
Section 9.3.2.4 “Synchronous Slave
Reception Set-up:”).

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

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

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

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

9.4.2 SYNCHRONOUS TRANSMIT
DURING SLEEP

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

* RCSTA and TXSTA Control registers must be
configured for Synchronous Slave Transmission
(see Section 9.3.2.2 “Synchronous Slave
Transmission Set-up:”).

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

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

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

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

© 2007 Microchip Technology Inc.
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NOTES:
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10.0 LIQUID CRYSTAL DISPLAY
(LCD) DRIVER MODULE

The Liquid Crystal Display (LCD) driver module
generates the timing control to drive a static or
multiplexed LCD panel. In the PIC16F913/916 devices,
the module drives the panels of up to four commons
and up to 16 segments. In the PIC16F914/917 devices,
the module drives the panels of up to four commons
and up to 24 segments. In the PIC16F946 device, the
module drives the panels of up to four commons and up
to 42 segments. The LCD module also provides control
of the LCD pixel data.

The LCD driver module supports:

 Direct driving of LCD panel
» Three LCD clock sources with selectable prescaler
» Up to four commons:
- Static (1 common)
- 1/2 multiplex (2 commons)
- 1/3 multiplex (3 commons)
- 1/4 multiplex (4 commons)
» Segments up to:
- 16 (PIC16F913/916)
- 24 (PIC16F914/917)
- 42 (PIC16F946)
« Static, 1/2 or 1/3 LCD Bias
Note: COM3 and SEG15 share the same
physical pin on the PIC16F913/916,

therefore SEG15 is not available when
using 1/4 multiplex displays.

10.1 LCD Registers

The module contains the following registers:

» LCD Control Register (LCDCON)

* LCD Phase Register (LCDPS)

* Up to 6 LCD Segment Enable Registers (LCDSEN)
* Up to 24 LCD Data Registers (LCDDATA)

TABLE 10-1: LCD SEGMENT AND DATA

REGISTERS
# of LCD Registers
Device
Segment Enable Data
PIC16F913/916 2 8
PIC16F914/917 3 12
PIC16F946 6 24

The LCDCON register (Register 10-1) controls the
operation of the LCD driver module. The LCDPS
register (Register 10-2) configures the LCD clock
source prescaler and the type of waveform; Type-A or
Type-B. The LCDSE registers (Register 10-3)
configure the functions of the port pins.

The following LCDSE registers are available:

+ LCDSEQ SE<7:0>
+ LCDSE1 SE<15:8>

+ LCDSE2 SE<23:16>(1
« LCDSE3 SE<31:24>(2)
« LCDSE4 SE<39:32>(2)
« LCDSE5 SE<41:40>(2)

Note 1: PIC16F914/917 and PIC16F946 only.
2: PIC16F946 only.

Once the module is initialized for the LCD panel, the
individual bits of the LCDDATA<11:0> registers are
cleared/set to represent a clear/dark pixel, respectively:

+ LCDDATAO0 SEG<7:0>COMO

+ LCDDATA1 SEG<15:8>COMO
+ LCDDATA2 SEG<23:16>COMO
+ LCDDATA3 SEG<7:0>COM!1

+ LCDDATA4 SEG<15:8>COM1
+ LCDDATA5 SEG<23:16>COM1
+ LCDDATA6 SEG<7:0>COM2

+ LCDDATA7 SEG<15:8>COM2
+ LCDDATA8 SEG<23:16>COM2
+ LCDDATA9 SEG<7:0>COM3

+ LCDDATA10 SEG<15:8>COM3
+ LCDDATA11 SEG<23:16>COM3

The following additional registers are available on the
PIC16F946 only:

LCDDATA12
LCDDATA13
LCDDATA14
LCDDATA15
LCDDATA16
LCDDATA17
LCDDATA18
LCDDATA19
LCDDATA20
LCDDATA21
LCDDATA22
LCDDATA23

SEG<31:24>COMO
SEG<39:32>COMO
SEG<41:40>COMO
SEG<31:24>COM1
SEG<39:32>COM1
SEG<41:40>COM1
SEG<31:24>COM2
SEG<39:32>COM2
SEG<41:40>COM2
SEG<31:24>COM3
SEG<39:32>COM3
SEG<41:40>COM3

As an example, LCDDATAx is detailed in
Register 10-4.

Once the module is configured, the LCDEN bit of the
LCDCON register is used to enable or disable the LCD
module. The LCD panel can also operate during Sleep
by clearing the SLPEN bit of the LCDCON register.

Note: The LCDDATA2, LCDDATA5, LCDDATAS8
and LCDDATA11 registers are not
implemented in the PIC16F913/916
devices.

© 2007 Microchip Technology Inc.
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FIGURE 10-1: LCD DRIVER MODULE BLOCK DIAGRAM
\
Data Bus LCDDATAX SEG<41:0>(129)
Registers MUX—=—==/=—=> To /O Pads("
Timing Control
LCDCON
COM<3:0>()
LCDSEN

i

Fosc/8192

Clock Source
M Select and

LFINTOSC/32 | Prescaler

Note 1: These are not directly connected to the I/O pads, but may be tri-stated, depending on the
configuration of the LCD module.

2: SEG<23:0>on PIC16F914/917, SEG<15:0> on PIC16F913/916.

3: COMBS3 and SEG15 share the same physical pin on the PIC16F913/916, therefore SEG15 is
not available when using 1/4 multiplex displays.
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REGISTER 10-1:

LCDCON: LIQUID CRYSTAL DISPLAY CONTROL REGISTER

R/W-0 R/W-0 R/C-0 R/W-1 R/W-0 R/W-0 R/W-1 R/W-1
LCDEN SLPEN ‘ WERR | VLCDEN CS1 Cso LMUX1 LMUXO0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
C = Only clearable bit ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

-n = Value at POR

bit 7 LCDEN: LCD Driver Enable bit
1 = LCD driver module is enabled
0 = LCD driver module is disabled
bit 6 SLPEN: LCD Driver Enable in Sleep mode bit
1 = LCD driver module is disabled in Sleep mode
0 = LCD driver module is enabled in Sleep mode
bit 5 WERR: LCD Write Failed Error bit
1 = LCDDATAX register written while the WA bit of the LCDPS register = 0 (must be cleared in
software)
0 = No LCD write error
bit 4 VLCDEN: LCD Bias Voltage Pins Enable bit
1 = VLCD pins are enabled
0 = VLCD pins are disabled
bit 3-2 CS<1:0>: Clock Source Select bits
00 = Fosc/8192
01 =T10SC (Timer1)/32
1x = LFINTOSC (31 kHz)/32
bit 1-0 LMUX<1:0>: Commons Select bits
Maximum Number of Pixels
LMUX<1:0> Multiplex Bias
PIC16F913/916 | PIC16F914/917 PIC16F946
00 Static (COMO0) 16 24 42 Static
01 1/2 (COM<1:0>) 32 48 84 1/2 or 1/3
10 1/3 (COM<2:0>) 48 72 126 1/2 or 1/3
11 1/4 (COM<3:0>) 60 96 168 1/3
Note 1: On PIC16F913/916 devices, COM3 and SEG15 are shared on one pin, limiting the device from driving 64

pixels.

© 2007 Microchip Technology Inc.
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REGISTER 10-2: LCDPS: LCD PRESCALER SELECT REGISTER

R/W-0 R/W-0 R-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0
WFT BIASMD LCDA WA LP3 LP2 LP1 LPO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 WFT: Waveform Type Select bit

1 = Type-B waveform (phase changes on each frame boundary)
0 = Type-A waveform (phase changes within each common interval)

bit 6 BIASMD: Bias Mode Select bit
When LMUX<1:0> = 00:

0 = Static Bias mode (do not set this bit to ‘1)
When LMUX<1:0> = 01:

1 = 1/2 Bias mode
0 = 1/3 Bias mode
When LMUX<1:0>=10:

1 = 1/2 Bias mode
0 = 1/3 Bias mode
When LMUX<1:0>=11:

0 = 1/3 Bias mode (do not set this bit to ‘1’)
bit 5 LCDA: LCD Active Status bit

1 = LCD driver module is active
0 = LCD driver module is inactive

bit 4 WA: LCD Write Allow Status bit

1 = Write into the LCDDATAX registers is allowed

0 = Write into the LCDDATAX registers is not allowed
bit 3-0 LP<3:0>: LCD Prescaler Select bits

1111 =1:16

1110 =1:15

1101 =1:14

1100 =1:13

1011 =1:12

1010=1:11

1001 =1:10

1000=1:9

0111 =1:8

0110=1:7

0101 =16

0100=1:5

0011=14

0010=1:3

0001 =1:2

0000 =1:1
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REGISTER 10-3: LCDSEn: LCD SEGMENT ENABLE REGISTERS

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
SEn SEn SEn SEn SEn SEn SEn SEn
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared x = Bit is unknown
bit 7-0 SEn: Segment Enable bits

1 = Segment function of the pin is enabled
0 = 1/O function of the pin is enabled

REGISTER 10-4: LCDDATAXx: LCD DATA REGISTERS

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
SEGx-COMy | SEGx-COMy | SEGx-COMy | SEGx-COMy | SEGx-COMy | SEGx-COMy | SEGx-COMy | SEGx-COMy
bit 7 bit 0
Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-0 SEGx-COMy: Pixel On bits

1 = Pixel on (dark)
0 = Pixel off (clear)
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10.2 LCD Clock Source Selection

The LCD driver module has 3 possible clock sources:

» Fosc/8192

» T10SC/32

* LFINTOSC/32

The first clock source is the system clock divided by
8192 (Fosc/8192). This divider ratio is chosen to
provide about 1 kHz output when the system clock is
8 MHz. The divider is not programmable. Instead, the
LCD prescaler bits LP<3:0> of the LCDPS register are
used to set the LCD frame clock rate.

The second clock source is the T10SC/32. This also
gives about 1 kHz when a 32.768 kHz crystal is used
with the Timer1 oscillator. To use the Timer1 oscillator
as a clock source, the TIOSCEN bit of the T1ICON
register should be set.

The third clock source is the 31 kHz LFINTOSC/32,
which provides approximately 1 kHz output.

The second and third clock sources may be used to
continue running the LCD while the processor is in
Sleep.

Using bits CS<1:0> of the LCDCON register can select
any of these clock sources.

FIGURE 10-2:

LCD BIAS RESISTOR LADDER CONNECTION DIAGRAM

10.2.1 LCD PRESCALER

A 4-bit counter is available as a prescaler for the LCD
clock. The prescaler is not directly readable or writable;
its value is set by the LP<3:0> bits of the LCDPS register,
which determine the prescaler assignment and prescale
ratio.

The prescale values are selectable from 1:1 through
1:16.

10.3 LCD Bias Types

The LCD driver module can be configured into one of

three bias types:

« Static Bias (2 voltage levels: Vss and VDD)

» 1/2 Bias (3 voltage levels: Vss, 1/2 VDD and VDD)

» 1/3 Bias (4 voltage levels: Vss, 1/3 VDD, 2/3 VDD
and VDD)

This module uses an external resistor ladder to
generate the LCD bias voltages.

The external resistor ladder should be connected to the
VLCD1 pin (Bias 1), VLCD2 pin (Bias 2), VLCD3 pin
(Bias 3) and Vss. The VLCD3 pin should also be
connected to VDD.

Figure 10-2 shows the proper way to connect the
resistor ladder to the Bias pins..

Note: VLCD pins used to supply LCD bias voltage
are enabled on power-up (POR) and must
be disabled by the user by clearing the
VLCDEN bit of the LCDCON register.

> VLCD 3

LCD Bias 3 LCD Bias 2 LCD Bias 1

VDD* J :

> \/LCD 2

J» vicp oM Driver v cp3 VDD VDD VDD

sé‘i’;i: 1/2 Bias | 1/3 Bias

VLed 0 Vss Vss Vss
To Vico 1 —_ 1/2 VoD | 1/3 Vop
LCD VLeD 2 — 1/2 VbD 2/3 VDD

Connections for External R-ladder

Static Bias

R N—
-—

\VDD* 10 kQ*

47 1/2 Bias

Vss

by the designer.
Note 1: Internal connection.

DYV S YA
VDD* 10 kQ* : 10 kQ* : 10 kQ*

* These values are provided for design guidance only and should be optimized for the application

%7 1/3 Bias
Vss
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10.4 LCD Multiplex Types

The LCD driver module can be configured into one of
four multiplex types:

« Static (only COMO is used)

* 1/2 multiplex (COM<1:0> are used)

* 1/3 multiplex (COM<2:0> are used)

* 1/4 multiplex (COM<3:0> are used)

The LMUX<1:0> bit setting of the LCDCON register

decides the function of RB5, RA2 or either RA3 or RDO
pins (see Table 10-2 for details).

If the pin is a digital 1/0, the corresponding TRIS bit
controls the data direction. If the pin is a COM drive,
then the TRIS setting of that pin is overridden.

Note: On a Power-on Reset, the LMUX<1:0>
bits of the LCDCON register are ‘11’.

TABLE 10-2: RA3/RDO0, RA2, RB5

FUNCTION
. LMUX 1)
Multiplex <1:0> RA3/RDO' RA2 RB5
Static 00 Digital IO Digital IO Digital IO
1/2 01 Digital I/O Digital I/O | COM1 Driver
1/3 10 Digital I/O | COM2 Driver | COM1 Driver
1/4 11 COMS3 Driver | COM2 Driver | COM1 Driver

Note 1: RAS3 for PIC16F913/916, RDO for PIC16F914/917 and
PIC16F946

10.5 Segment Enables

The LCDSEN registers are used to select the pin
function for each segment pin. The selection allows
each pin to operate as either an LCD segment driver or
as one of the pin’s alternate functions. To configure the
pin as a segment pin, the corresponding bits in the
LCDSER registers must be set to ‘1’.

If the pin is a digital I/O, the corresponding TRIS bit
controls the data direction. Any bit set in the LCDSEn
registers overrides any bit settings in the corresponding
TRIS register.

Note: On a Power-on Reset, these pins are
configured as digital 1/0.

10.6 Pixel Control

The LCDDATAKX registers contain bits which define the
state of each pixel. Each bit defines one unique pixel.

Register 10-4 shows the correlation of each bit in the
LCDDATAX registers to the respective common and
segment signals.

Any LCD pixel location not being used for display can
be used as general purpose RAM.

10.7 LCD Frame Frequency
The rate at which the COM and SEG outputs change is
called the LCD frame frequency.

TABLE 10-3: FRAME FREQUENCY
FORMULAS

Multiplex Frame Frequency =
Static Clock source/(4 x 1 x (LP<3:0> + 1))
1/2 Clock source/(2 x 2 x (LP<3:0> + 1))
1/3 Clock source/(1 x 3 x (LP<3:0> + 1))
1/4 Clock source/(1 x 4 x (LP<3:0> + 1))

Note: Clock source is Fosc/8192, T10SC/32 or
LFINTOSC/32.

TABLE 10-4: APPROXIMATE FRAME
FREQUENCY (IN Hz) USING
Fosc @ 8 MHz, TIMER1 @
32.768 kHz OR LFINTOSC

LP<3:0> Static 1/2 13 1/4
2 85 85 114 85
3 64 64 85 64
4 51 51 68 51
5 43 43 57 43
6 37 37 49 37
7 32 32 43 32

© 2007 Microchip Technology Inc.
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FIGURE 10-3: LCD CLOCK GENERATION
F 2sS2
0scT#8192 0030
~_ ~_ SRSRSRS)
T10SC 32 kHz | | 4 [ Static T T T T

Crystal Osc.

+1,2,3,4
12 —{ 4-bit Prog Presc l— Ring; C,O?J’nter

113,
LFINTOSC [ [ ] | 1/4 T
Nominal = 31 kHz | "2 1 rd LP<3:0>

? ? : LMUX<1:0>

(LCDPS<3:0>) (LCDCON<1:0>)
CS<1:0> LMUX<1:0>

(LCDCON<3:2>) (LCDCON<1:0>)
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LCD SEGMENT MAPPING WORKSHEET (SHEET 1 OF 2)

FIGURE 10-4
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LCD SEGMENT MAPPING WORKSHEET (SHEET 2 OF 2)

FIGURE 10-5
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10.8 LCD Waveform Generation

LCD waveforms are generated so that the net AC
voltage across the dark pixel should be maximized and
the net AC voltage across the clear pixel should be
minimized. The net DC voltage across any pixel should
be zero.

The COM signal represents the time slice for each
common, while the SEG contains the pixel data.

The pixel signal (COM-SEG) will have no DC
component and it can take only one of the two rms
values. The higher rms value will create a dark pixel
and a lower rms value will create a clear pixel.

As the number of commons increases, the delta
between the two rms values decreases. The delta
represents the maximum contrast that the display can
have.

The LCDs can be driven by two types of waveform:
Type-A and Type-B. In Type-A waveform, the phase
changes within each common type, whereas in Type-B
waveform, the phase changes on each frame
boundary. Thus, Type-A waveform maintains 0 VDC
over a single frame, whereas Type-B waveform takes
two frames.

Note 1: If Sleep has to be executed with LCD
Sleep disabled (LCDCON<SLPEN> is
‘1’), then care must be taken to execute
Sleep only when VDcC on all the pixels is
‘0.

2: When the LCD clock source is FOsc/8192,
if Sleep is executed, irrespective of the
LCDCON<SLPEN> setting, the LCD goes
into Sleep. Thus, take care to see that VDC

on all pixels is ‘0’ when Sleep is executed.

Figure 10-6 through Figure 10-16 provide waveforms
for static, half-multiplex, one-third-multiplex and
quarter-multiplex drives for Type-A and Type-B
waveforms.

FIGURE 10-6: TYPE-A/TYPE-B WAVEFORMS IN STATIC DRIVE
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FIGURE 10-7:

TYPE-A WAVEFORMS IN 1/2 MUX, 1/2 BIAS DRIVE
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FIGURE 10-8: TYPE-B WAVEFORMS IN 1/2 MUX, 1/2 BIAS DRIVE
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FIGURE 10-9: TYPE-A WAVEFORMS IN 1/2 MUX, 1/3 BIAS DRIVE
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FIGURE 10-10: TYPE-B WAVEFORMS IN 1/2 MUX, 1/3 BIAS DRIVE
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FIGURE 10-11: TYPE-A WAVEFORMS IN 1/3 MUX, 1/2 BIAS DRIVE
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FIGURE 10-12: TYPE-B WAVEFORMS IN 1/3 MUX, 1/2 BIAS DRIVE
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FIGURE 10-13: TYPE-A WAVEFORMS IN 1/3 MUX, 1/3 BIAS DRIVE
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FIGURE 10-14: TYPE-B WAVEFORMS IN 1/3 MUX, 1/3 BIAS DRIVE
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FIGURE 10-15: TYPE-A WAVEFORMS IN 1/4 MUX, 1/3 BIAS DRIVE
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FIGURE 10-16:  TYPE-B WAVEFORMS IN 1/4 MUX, 1/3 BIAS DRIVE
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10.9 LCD Interrupts

The LCD timing generation provides an interrupt that
defines the LCD frame timing.

A new frame is defined to begin at the leading edge of
the COMO common signal. The interrupt will be set
immediately after the LCD controller completes access-
ing all pixel data required for a frame. This will occur at
a fixed interval before the frame boundary (TFINT), as
shown in Figure 10-17. The LCD controller will begin to
access data for the next frame within the interval from
the interrupt to when the controller begins to access
data after the interrupt (TFWR). New data must be writ-
ten within TFWR, as this is when the LCD controller will
begin to access the data for the next frame.

When the LCD driver is running with Type-B waveforms
and the LMUX<1:0> bits are not equal to ‘00’ (static
drive), there are some additional issues that must be
addressed. Since the DC voltage on the pixel takes two
frames to maintain zero volts, the pixel data must not
change between subsequent frames. If the pixel data
were allowed to change, the waveform for the odd
frames would not necessarily be the complement of the
waveform generated in the even frames and a DC

component would be introduced into the panel.
Therefore, when using Type-B waveforms, the user
must synchronize the LCD pixel updates to occur within
a subframe after the frame interrupt.

To correctly sequence writing while in Type-B, the
interrupt will only occur on complete phase intervals. If
the user attempts to write when the write is disabled,
the WERR bit of the LCDCON register is set and the
write does not occur.

Note: The interrupt is not generated when the
Type-A waveform is selected and when the
Type-B with no multiplex (static) is
selected.

FIGURE 10-17: WAVEFORMS AND INTERRUPT TIMING IN QUARTER-DUTY CYCLE DRIVE
(EXAMPLE - TYPE-B, NON-STATIC)
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10.10 Operation During Sleep

The LCD module can operate during Sleep. The
selection is controlled by bit SLPEN of the LCDCON
register. Setting the SLPEN bit allows the LCD module
to go to Sleep. Clearing the SLPEN bit allows the
module to continue to operate during Sleep.

If a SLEEP instruction is executed and SLPEN = 1, the
LCD module will cease all functions and go into a very
low-current Consumption mode. The module will stop
operation immediately and drive the minimum LCD
voltage on both segment and common lines.
Figure 10-18 shows this operation.

To ensure that no DC component is introduced on the
panel, the SLEEP instruction should be executed
immediately after a LCD frame boundary. For Type-B
multiplex (non-static), the LCD interrupt can be used to
determine the frame boundary. See Section 10.9
“LCD Interrupts” for the formulas to calculate the
delay. In all other modes, the LCDA bit can be used to
determine when the display is active. To use this
method, the following sequence should be used when
wanting to enter into Sleep mode:

e Clear LCDEN
* Wait for LCDA to clear

 Drive all LCD pins to inactive state using PORT
and TRIS registers

« Execute SLEEP instruction

Note: When the LCDEN bit is cleared, the LCD
module will be disabled at the completion
of frame. At this time, the PORT pins will
revert to digital functionality. To minimize
power consumption due to floating digital
inputs, the LCD pins should be driven low
using the PORT and TRIS registers.

If a SLEEP instruction is executed and SLPEN = 0, the
module will continue to display the current contents of
the LCDDATA registers. To allow the module to
continue operation while in Sleep, the clock source
must be either the LFINTOSC or T10SC external
oscillator. While in Sleep, the LCD data cannot be
changed. The LCD module current consumption will
not decrease in this mode; however, the overall
consumption of the device will be lower due to shut
down of the core and other peripheral functions.

Table 10-5 shows the status of the LCD module during
a Sleep while using each of the three available clock
sources:

TABLE 10-5: LCD MODULE STATUS
DURING SLEEP

Operation
Clock Source SLPEN During Sleep?

0 Yes
T10SC

1 No

0 Yes
LFINTOSC

1 No

0 No
Fosc/4

1 No

Note: The LFINTOSC or external T10SC
oscillator must be used to operate the LCD

module during Sleep.

If LCD interrupts are being generated (Type-B wave-
form with a multiplex mode not static) and LCDIE = 1,
the device will awaken from Sleep on the next frame
boundary.

© 2007 Microchip Technology Inc.
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FIGURE 10-18:

SLEEP ENTRY/EXIT WHEN SLPEN =1
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10.11 Configuring the LCD Module

The following is the sequence of steps to configure the
LCD module.

1. Select the frame clock prescale using bits
LP<3:0> of the LCDPS register.

2. Configure the appropriate pins to function as
segment drivers using the LCDSERN registers.

3. Configure the LCD module for the following
using the LCDCON register:

- Multiplex and Bias mode, bits LMUX<1:0>
- Timing source, bits CS<1:0>
- Sleep mode, bit SLPEN

4. Write initial values to pixel data registers,
LCDDATAO through LCDDATA11 (LCDDATA23
on PIC16F946).

5. Clear LCD Interrupt Flag, LCDIF bit of the PIR2
register and if desired, enable the interrupt by
setting bit LCDIE of the PIE2 register.

6. Enable bias voltage pins (VLCD<3:1>) by
setting bit VLCDEN of the LCDCON register.

7. Enable the LCD module by setting bit LCDEN of
the LCDCON register.

10.12 Disabling the LCD Module

To disable the LCD module, write all ‘0’s to the
LCDCON register.

10.13 LCD Current Consumption

When using the LCD module the current consumption
consists of the following three factors:

1. The oscillator selected
2. The LCD bias source

3. The current required to charge the LCD
segments

The current consumption of just the LCD module can
be considered negligible compared to these other
factors.

The oscillator selected:

For LCD operation during Sleep either the T1oc or the
LFINTOSC sources need to be used as the main
system oscillator may be disabled during Sleep. During
Sleep the LFINTOSC current consumption is given by
electrical parameter D021, where the LFINTOSC use
the same internal oscillator circuitry as the Watchdog
Timer.

The LCD bias source:

The LCD bias source, typically an external resistor
ladder which will have its own current draw.

The current required to charge the LCD segments:

The LCD segments which can be modeled as capaci-
tors which must be both charged and discharged every
frame. The size of the LCD segment and its technology
determines the segment’s capacitance.

© 2007 Microchip Technology Inc.
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TABLE 10-6: REGISTERS ASSOCIATED WITH LCD OPERATION

Value on Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 all other
POR, BOR R
esets
CMCONO c20UT Cc10UT C2INV C1INV CIS CM2 CM1 CMO 0000 0000 | 0000 0000
INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000x
LCDCON LCDEN SLPEN WERR VLCDEN CS1 CS0 LMUX1 LMUXO0 0001 0011 | 0001 0011
LCDDATAO SEG7 SEG6 SEG5 SEG4 SEG3 SEG2 SEG1 SEGO XXXX XXXX | uuuu uuuu
COMO COMO COMO COMO COMO COMO COMO COMO
LCDDATA1 SEG15 SEG14 SEG13 SEG12 SEG11 SEG10 SEG9 SEG8 XXXX XXXX | uuuu uuuu

COomMo CcOomMo COomMo COoMo COoMo COoMo COoMo COomMo

LCDDATA2(?) SEG23 SEG22 SEG21 SEG20 SEG19 SEG18 SEG17 SEG16 XXXX XXXX | uuuu uuuu
COMo COMo COMo COMo COoMo COMo COoMo COMo

LCDDATA3 SEG7 SEG6 SEG5 SEG4 SEG3 SEG2 SEG1 SEGO XXXX XXXX | uuuu uuuu
COM1 COM1 COM1 COoM1 COM1 COM1 COM1 COM1
LCDDATA4 SEG15 SEG14 SEG13 SEG12 SEG11 SEG10 SEG9 SEG8 XXXX XXXX | uuuu uuuu

CoM1 COoM1 COoM1 COM1 COoM1 COoM1 COM1 COoM1

LCDDATA5(?) SEG23 SEG22 SEG21 SEG20 SEG19 SEG18 SEG17 SEG16 | xxxx xxxx | uuuu uuuu
COoM1 COoM1 COM1 COoM1 COoM1 CcoM1 COoM1 COoM1

LCDDATA6 SEG7 SEG6 SEG5 SEG4 SEG3 SEG2 SEG1 SEGO XXXX XXXX | uuuu uuuu
COM2 COM2 COM2 COM2 COM2 COM2 COM2 COM2
LCDDATA7 SEG15 SEG14 SEG13 SEG12 SEG11 SEG10 SEG9 SEG8 XXXX XXXX | uuuu uuuu

com2 com2 com2 com2 com2 com2 com2 com2

LCDDATA8(? SEG23 SEG22 SEG21 SEG20 SEG19 SEG18 SEG17 SEG16 XXXX XXXX | uuuu uuuu
Com2 Ccom2 Ccom2 Ccom2 Ccom2 Ccom2 Ccom2 Ccom2

LCDDATA9 SEG7 SEG6 SEG5 SEG4 SEG3 SEG2 SEG1 SEGO XXXX XXXX | uuuu uuuu
COoM3 COM3 COoM3 COoM3 COM3 COM3 COoM3 COoM3
LCDDATA10 SEG15 SEG14 SEG13 SEG12 SEG11 SEG10 SEG9 SEG8 XXXX XXXX | uuuu uuuu

COM3 COM3 COM3 COM3 COM3 COM3 COM3 COM3

LCDDATA11® | SEG23 | SEG22 | SEG21 SEG20 | SEG19 | SEG18 | SEG17 | SEG16 | xxxx xxxx | uuuu uuuu
coM3 coM3 coM3 CcoM3 coM3 CcoM3 CcoM3 CcoM3

LCDDATA12) | SEG31 SEG30 SEG29 SEG28 SEG27 SEG26 SEG25 SEG24 XXXX XXXX | uuuu uuuu
COMo COMo COMo COMo COoMo COoMo COoMo COMo

LCDDATA13®) | SEG39 SEG38 SEG37 SEG36 SEG35 SEG34 SE33 SEG32 | xxxx xxxx | uuuu uuuu
COMO COMO COMO COMO COMO COMO COMO COMO

LCDDATA14() = = = = = = SEG41 SEG40 | ---- - o u
COMO COMO

LCDDATA150) | SEG31 SEG30 SEG29 SEG28 SEG27 SEG26 SEG25 SEG24 XXXX XXXX | uuuu uuuu
COoM1 COoM1 COoM1 COoM1 COoM1 COoM1 COoM1 COoM1

LCDDATA16® | SEG39 SEG38 SEG37 SEG36 SEG35 SEG34 SEG33 SEG32 | xxxx xxxx | uuuu uuuu
coM1 coM1 CoM1 coM1 coM1 coMm1 coM1 CcoM1

LCDDATA17¢®) = = = = = = SEG41 SEG40 | ---- - o u
COM1 COM1

LCDDATA18®) | SEG31 SEG30 SEG29 SEG28 SEG27 SEG26 SEG25 SEG24 XXXX XXXX | uuuu uuuu
Ccom2 Ccom2 Ccom2 Ccom2 Ccom2 Ccom2 Ccom2 Ccom2

LCDDATA19®) | SEG39 SEG38 SEG37 SEG36 SEG35 SEG34 SEG33 SEG32 | xxxx xxxx | uuuu uuuu
CcoM2 com2 CcoM2 CcoM2 coMm2 coMm2 coMm2 coMm2

LCDDATA20(®) = = = = = = SEG41 SEG40 | ---- - o u
COM2 COM2

LCDDATA21%) | SEG31 SEG30 SEG29 SEG28 SEG27 SEG26 SEG25 SEG24 XXXX XXXX | uuuu uuuu
COM3 COM3 COM3 COM3 COM3 COM3 COM3 COM3

LCDDATA22® | SEG39 SEG38 SEG37 SEG36 SEG35 SEG34 SEG33 SEG32 | xxxx xxxx | uuuu uuuu
com3 com3 com3 com3 com3 com3 com3 com3

LCDDATA23() = = = = = = SEG41 SEG40 | ---- - o u
COM3 COM3

LCDPS WFT BIASMD LCDA WA LP3 LP2 LP1 LPO 0000 0000 | 0000 0000

LCDSEO SE7 SE6 SE5 SE4 SE3 SE2 SE1 SEO 0000 0000 | uuuu uuuu

LCDSE1 SE15 SE14 SE13 SE12 SE11 SE10 SE9 SE8 0000 0000 | uuuu uuuu

Legend: x = unknown, u = unchanged, - = unimplemented, read as ‘0’. Shaded cells are not used by the LCD module.

Note These pins may be configured as port pins, depending on the oscillator mode selected.

1
2:  PIC16F914/917 and PIC16F946 only.
3:  PIC16F946 only.
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TABLE 10-6: REGISTERS ASSOCIATED WITH LCD OPERATION (CONTINUED)

Value on Value on
Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 all other
POR, BOR
Resets

LCDSE2®? SE23 SE22 SE21 SE20 SE19 SE18 SE17 SE16 0000 0000 | uuuu uuuu
LCDSE3® SE31 SE30 SE29 SE28 SE27 SE26 SE25 SE24 0000 0000 | 0000 0000
LCDSE4® SE39 SE38 SE37 SE36 SE35 SE34 SE33 SE32 0000 0000 | 0000 0000
LCDSE5® = = = = = = SE41 SE40 | ---- -- 00 | —--- -- 00
PIE2 OSFIE C2IE C1IE LCDIE = LVDIE = CCP2IE | 0000 -0-0 | 0000 -0-0
PIR2 OSFIF C2IF C1IF LCDIF = LVDIF = CCP2IF | 0000 -0-0 | 0000 -0-0
T1CON T1GINV | TMR1GE | TICKPS1 | TICKPSO0 | TTOSCEN | TISYNC | TMR1CS | TMR1ON | 0000 0000 | uuuu uuuu
Legend: x = unknown, u = unchanged, - = unimplemented, read as ‘0’. Shaded cells are not used by the LCD module.

Note 1 These pins may be configured as port pins, depending on the oscillator mode selected.
2:  PIC16F914/917 and PIC16F946 only.
3:

PIC16F946 only.
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NOTES:
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11.0 PROGRAMMABLE
LOW-VOLTAGE DETECT
(PLVD) MODULE

The Programmable Low-Voltage Detect (PLVD)
module is a power supply detector which monitors the
internal power supply. This module is typically used in
key fobs and other devices, where certain actions
need to be taken as a result of a falling battery voltage.

FIGURE 11-1: PLVD BLOCK DIAGRAM

The PLVD module includes the following capabilities:

« Eight programmabile trip points
* Interrupt on falling VDD

« Stable reference indication

» Operation during Sleep

A Block diagram of the PLVD module is shown in
Figure 11-1.

8 Stages
A

VoD WW* LT SAVAVAVE SAVAVAVSY

FJ\/Wl

8-to-1
Analog MUX
LVDEN —¢ 0
1
2 +
& T\ det LVDIF
7 -
LVDL<2:0>
Reference
Voltage
Generator
FIGURE 11-2: PLVD OPERATION

VDD

PLVD Trip Point = - - - - - - - - -

LVDIF —l

Set by
Hardware

Cleared by

Software
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1.1 PLVD Operation

To setup the PLVD for operation, the following steps
must be taken:

» Enable the module by setting the LVDEN bit of the
LVDCON register.

» Configure the trip point by setting the LVDL<2:0>
bits of the LVDCON register.

» Wait for the reference voltage to become stable.
Refer to Section 11.4 “Stable Reference
Indication”.

» Clear the LVDIF bit of the PIR2 register.

The LVDIF bit will be set when VDD falls below the
PLVD trip point. The LVDIF bit remains set until cleared
by software. Refer to Figure 11-2.

11.2 Programmable Trip Point

The PLVD trip point is selectable from one of eight
voltage levels. The LVDL bits of the LVDCON register
select the trip point. Refer to Register 11-1 for the
available PLVD trip points.

11.3 Interrupt on Falling VDD

When VDD falls below the PLVD trip point, the falling
edge detector will set the LVDIF bit. See Figure 11-2.
An interrupt will be generated if the following bits are
also set:

* GIE and PEIE bits of the INTCON register
* LVDIE bit of the PIE2 register
The LVDIF bit must be cleared by software. An interrupt

can be generated from a simulated PLVD event when
the LVDIF bit is set by software.

11.4 Stable Reference Indication

When the PLVD module is enabled, the reference volt-
age must be allowed to stabilize before the PLVD will
provide a valid result. Refer to Section 19.0 “Electri-
cal Specifications”, Table 19-13, for the stabilization
time.

When the HFINTOSC is running, the IRVST bit of the
LVDCON register indicates the stability of the voltage
reference. The voltage reference is stable when the
IRVST bit is set.

11.5 Operation During Sleep

To wake from Sleep, set the LVDIE bit of the PIE2
register and the PEIE bit of the INTCON register. When
the LVDIE and PEIE bits are set, the device will wake
from Sleep and execute the next instruction. If the GIE
bit is also set, the program will call the Interrupt Service
Routine upon completion of the first instruction after
waking from Sleep.
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REGISTER 11-1: LVDCON: LOW-VOLTAGE DETECT CONTROL REGISTER

uU-0 u-0 R-0 R/W-0 uU-0 R/W-1 R/W-0 R/W-0
— — IRVST(") LVDEN — LVDL2 LVDL1 LVDLO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-6 Unimplemented: Read as ‘0’
bit 5 IRVST: Internal Reference Voltage Stable Status Flag bit(1)
1 = Indicates that the PLVD is stable and PLVD interrupt is reliable
0 = Indicates that the PLVD is not stable and PLVD interrupt must not be enabled
bit 4 LVDEN: Low-Voltage Detect Module Enable bit
1 = Enables PLVD Module, powers up PLVD circuit and supporting reference circuitry
0 = Disables PLVD Module, powers down PLVD circuit and supporting reference circuitry
bit 3 Unimplemented: Read as ‘0’
bit 2-0 LVDL<2:0>: Low-Voltage Detection Level bits (nominal values)(s)
111 =45V
110=4.2V
101 =4.0V
100 = 2.3V (default)
011=2.2V
010=21V
001 =2.0v@
000 = Reserved
Note 1: The IRVST bit is usable only when the HFINTOSC is running.
2: Not tested and below minimum operating conditions.
3: See Section 19.0 “Electrical Specifications”.
TABLE 11-1: REGISTERS ASSOCIATED WITH PROGRAMMABLE LOW-VOLTAGE DETECT
Value on Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 all other
POR, BOR
Resets
INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF [0000 000x|0000 000x
LVDCON — — IRVST | LVDEN — LvDL2 | LVDL1 | LVDLO |--00 -100(--00 -100
PIE2 OSFIE | C2IE C1IE LCDIE — LVDIE — CCP2IE |0000 -0-0|0000 -0-0
PIR2 OSFIF C2IF C1IF LCDIF — LVDIF — CCP2IF {0000 -0-0{0000 -0-0
Legend: x =unknown, - = unimplemented read as ‘0’. Shaded cells are not used by the PLVD module.
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12.0 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 (ADRESL and ADRESH).

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 12-1 shows the block diagram of the ADC.

FIGURE 12-1: ADC BLOCK DIAGRAM
VDD
VCFGO0 =0
VREF+ _ VCFGO=1_ |
RAO/ANO 000
001
RA1/AN1 ADC
RA2/AN2 010
RA3/AN3 011| GO/DONE 10
RA5/AN4 100 ADEM | O = Left Justify
REO/AN5( 101 1 = Right Justify
RE1/AN6( 110 ADON | 10
(1)
RE2/ANT e Vss | ADRESH | ADRESL |
CHS — | | VCFG1 =0
VREF- __VCFG1=1_ *
Note 1: These channels are only available on PIC16F914/917 and PIC16F946 devices.
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121 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

* Results formatting

12.11 PORT CONFIGURATION

The ADC can be used to convert both analog and digital
signals. When converting analog signals, the 1/0O pin
should be configured for analog by setting the associated
TRIS and ANSEL bits. See the corresponding Port
section 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.

12.1.2 CHANNEL SELECTION

The CHS bits of the ADCONQO register 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 12.2
“ADC Operation” for more information.

12.1.3 ADC VOLTAGE REFERENCE

The VCFG bits of the ADCONO register provide
independent control of the positive and negative
voltage references. The positive voltage reference can
be either VDD or an external voltage source. Likewise,
the negative voltage reference can be either VSs or an
external voltage source.

12.14 CONVERSION CLOCK

The source of the conversion clock is software select-
able via the ADCS bits of the ADCONT1 register. There
are seven possible clock options:

» Fosc/2

» Fosc/4

» Fosc/8

» Fosc/16

» Fosc/32

» Fosc/64

* FRC (dedicated internal oscillator)

The time to complete one bit conversion is defined as

TAD. One full 10-bit conversion requires 11 TAD periods
as shown in Figure 12-3.

For correct conversion, the appropriate TAD specification
must be met. See A/D conversion requirements in
Section 19.0 “Electrical Specifications” for more
information. Table 12-1 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 12-1: ADC CLOCK PERIOD (TAD) Vs. DEVICE OPERATING FREQUENCIES (VDD > 3.0V)

ADC Clock Period (TAD) Device Frequency (Fosc)

ADC Clock Source ADCS<2:0> 20 MHz 8 MHz 4 MHz 1 MHz
Fosc/2 000 100 ns®@ 250 ns®? 500 ns? 2.0 us
Fosc/4 100 200 ns@ 500 ns(? 1.0 us® 4.0us
Fosc/8 001 400 ns® 1.0 us® 2.0pus 8.0 us®
Fosc/16 101 800 ns(? 2.0 s 4.0us 16.0 ust®
Fosc/32 010 1.6 us 4.0 us 8.0 us® 32.0 us®
Fosc/64 110 3.2us 8.0 us® 16.0 us® 64.0 us®

FRC x11 2-6 us(14) 2-6 us(14) 2-6 us(14) 2-6 us(14)

Legend: Shaded cells are outside of recommended range.
Note 1: The FRC source has a typical TAD time of 4 us for VDD > 3.0V.
2: These values violate the minimum required TAD time.
3: For faster conversion times, the selection of another clock source is recommended.

4: When the device frequency is greater than 1 MHz, the FRC clock source is only recommended if the

conversion will be performed during Sleep.

FIGURE 12-2: ANALOG-TO-DIGITAL CONVERSION TAD CYCLES

Tlcv to TAQTAD1 :TAD2 :TAD3 :TAD4 =TAD5 :TADG : TAD7 :TAD8 =TAD9 gTAD10,TAD11,

T b9 b8 b7 b6 b5 b4 b3 b2 b1 b0

Conversion Starts

Holding Capacitor is Disconnected from Analog Input (typically 100 ns)

Set GO/DONE bit

GO bit is cleared,
ADIF bit is set,

ADRESH and ADRESL registers are loaded,

Holding capacitor is connected to analog input

12.1.5 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: The ADIF bit is set at the completion of
every conversion, regardless of whether
or not the ADC interrupt is enabled.

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 global interrupt must be disabled. If the
global interrupt is enabled, execution will switch to the
Interrupt Service Routine.

Please see Section 12.1.5 “Interrupts” for more
information.
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12.1.6 RESULT FORMATTING

The 10-bit A/D conversion result can be supplied in two
formats, left justified or right justified. The ADFM bit of
the ADCONQO register controls the output format.

Figure 12-4 shows the two output formats.

FIGURE 12-3: 10-BIT A/D CONVERSION RESULT FORMAT
ADRESH ADRESL

worm=o) [mss| | [ [ | | [ | | fesf [ | [ [ | |

bit 7 bit 0 bit 7 bit 0

— ~ i

10-bit A/D Result Unimplemented: Read as ‘0’

worm=v) | | | [ [ [ fmse] | [ [ | [ [ [ [ [uss]

bit 7 bit 0 bit 7 bit 0

Unimplemented: Read as ‘0’ 10-bit A/D Result

12.2 ADC Operation

12.21 STARTING A CONVERSION

To enable the ADC module, the ADON bit of the
ADCONO 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 12.2.6 “A/D Conver-
sion Procedure”.

12.2.2 COMPLETION OF A CONVERSION
When the conversion is complete, the ADC module will:

* Clear the GO/DONE bit
» Set the ADIF flag bit

» Update the ADRESH:ADRESL registers with new
conversion result

12.2.3 TERMINATING A CONVERSION

If a conversion must be terminated before completion,
the GO/DONE bit can be cleared in software. The
ADRESH:ADRESL registers will not be updated with the
partially complete Analog-to-Digital conversion sample.
Instead, the ADRESH:ADRESL register pair will retain
the value of the previous conversion. Additionally, a
2 TAD delay is required before another acquisition can be
initiated. Following this delay, an input acquisition is
automatically started on the selected channel.

Note: A device Reset forces all registers to their
Reset state. Thus, the ADC module is
turned off and any pending conversion is

terminated.

12.2.4 ADC OPERATION DURING SLEEP

The ADC module can operate during Sleep. This
requires the ADC clock source to be set to the FRC
option. When the FRC clock source is selected, the
ADC waits one additional instruction before starting the
conversion. This allows the SLEEP instruction to be
executed, which can reduce system noise during the
conversion. If the ADC interrupt is enabled, the device
will wake-up from Sleep when the conversion
completes. If the ADC interrupt is disabled, the ADC
module is turned off after the conversion completes,
although the ADON bit remains set.

When the ADC clock source is something other than
FRC, a SLEEP instruction causes the present conver-
sion to be aborted and the ADC module is turned off,
although the ADON bit remains set.

12.2.5 SPECIAL EVENT TRIGGER

The CCP Special Event Trigger allows periodic ADC
measurements without software intervention. When
this trigger occurs, the GO/DONE bit is set by hardware
and the Timer1 counter resets to zero.

Using the Special Event Trigger does not assure proper
ADC timing. It is the user’s responsibility to ensure that
the ADC timing requirements are met.

See Section 15.0 “Capture/Compare/PWM (CCP)
Module” for more information.
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12.2.6 A/D CONVERSION PROCEDURE EXAMPLE 12-1: A/D 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 reference, Frc clock
1. Configure Port: ’:and ANO input.
+ Disable pin output driver (See TRIS register) ;Conversion start & polling for completion
» Configure pin as analog i are included.
2. Configure the ADC module: i
. BANKSEL  ADCON1 ;
* Select ADC conversion clock MOVLW B’01110000’ ;ADC Frc clock
» Configure voltage reference MOVWF ADCON1 ;
+ Select ADC input channel BANKSEL ~ TRISA i
. Select result format BSF TRISA, O ;Set RAO to input
BANKSEL  ANSEL ;
* Turn on ADC module BSF ANSEL, 0 ;Set RAO to analog
3. Configure ADC interrupt (optional): BANKSEL ~ ADCONO i
. Clear ADC interrupt flag MOVLW B’10000001’ ;Right justify,
MOVWF ADCONO ;vdd Vref, ANO, On
* Enable ADC interrupt CALL SampleTime ;jAcquisiton delay
« Enable peripheral interrupt BSF ADCONO, GO ;Start conversion
« Enable gIobaI interrupt“) BTFSC ADCONO, GO ;Is conversion done?
4. Wait the requi L L (2) GOTO $-1 ;No, test again
. quired acquisition time'</. BANKSEL  ADRESH .
5. Start conversion by setting the GO/DONE bit. MOVF ADRESH, W ;Read upper 2 bits
6. Wait for ADC conversion to complete by one of MOVIE RESULTHI jstore in GPR space
the following: BANKSEL ~ ADRESL i
. — . 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 Resul 1227  ADC REGISTER DEFINITIONS

8. Clear the ADC interrupt flag (required if interrupt The following registers are used to control the opera-
is enabled). tion of the ADC.

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: See Section12.3 “A/D Acquisition
Requirements”.
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REGISTER 12-1: ADCONO: A/D CONTROL REGISTER 0

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
ADFM VCFG1 VCFGO CHS2 CHS1 CHSO GO/DONE ADON
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 ADFM: A/D Conversion Result Format Select bit

1 = Right justified
0 = Left justified
bit 6 VCFG1: Voltage Reference bit
1 = VREF- pin
0=Vss
bit 5 VCFGO: Voltage Reference bit
1 = VREF+ pin
0=Vss
bit 4-2 CHS<2:0>: Analog Channel Select bits
000 = ANO
001 = AN1
010 = AN2
011 = AN3
100 = AN4
101 = AN5(1)
110 = AN6(")
111 = AN7(")
bit 1 GO/DONE: A/D Conversion Status bit
1 = A/D conversion cycle in progress. Setting this bit starts an A/D conversion cycle.
This bit is automatically cleared by hardware when the A/D conversion has completed.
0 = A/D 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 1: Not available on 28-pin devices.
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REGISTER 12-2:

ADCON1: A/D CONTROL REGISTER 1

uU-0 R/W-0 R/W-0 R/W-0 U-0 u-0 U-0 U-0
— ADCS2 ADCS1 ADCSO0 — — — —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR 1’ = Bitis set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 Unimplemented: Read as ‘0’
bit 6-4 ADCS<2:0>: A/D Conversion Clock Select bits
000 = Fosc/2
001 = Fosc/8

010 = Fosc/32
x11 = FRC (clock derived from a dedicated internal oscillator = 500 kHz max.)

100 = Fosc/4

101 = Fosc/16
110 = Fosc/64

bit 3-0 Unimplemented: Read as ‘0’

© 2007 Microchip Technology Inc.
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REGISTER 12-3: ADRESH: ADC RESULT REGISTER HIGH (ADRESH) ADFM =0

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
ADRES9 | ADRES8 | ADRES7 | ADRES6 | ADRES5 | ADRES4 | ADRES3 | ADRES2
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-0 ADRES<9:2>: ADC Result Register bits

Upper 8 bits of 10-bit conversion result

REGISTER 12-4: ADRESL: ADC RESULT REGISTER LOW (ADRESL) ADFM =0

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
ADRES1 | ADRESO | — |  — [ — ] — [ - T =
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bitis cleared x = Bit is unknown
bit 7-6 ADRES<1:0>: ADC Result Register bits

Lower 2 bits of 10-bit conversion result
bit 5-0 Reserved: Do not use.

REGISTER 12-5: ADRESH: ADC RESULT REGISTER HIGH (ADRESH) ADFM =1

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
— = | — | — | - ] — | ADRES9 | ADRES8

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-2 Reserved: Do not use.
bit 1-0 ADRES<9:8>: ADC Result Register bits

Upper 2 bits of 10-bit conversion result

REGISTER 12-6: ADRESL: ADC RESULT REGISTER LOW (ADRESL) ADFM = 1

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
ADRES7 | ADRES6 | ADRES5 | ADRES4 | ADRES3 | ADRES2 | ADRES1 | ADRESO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-0 ADRES<7:0>: ADC Result Register bits

Lower 8 bits of 10-bit conversion result
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12.3 A/D 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 12-4. The source

an A/D acquisition must be done before the conversion
can be started. To calculate the minimum acquisition
time, Equation 12-1 may be used. This equation
assumes that 1/2 LSb error is used (1024 steps for the
ADC). The 1/2 LSb error is the maximum error allowed
for the ADC to meet its specified resolution.

impedance (Rs) and the internal sampling switch (RSS)
impedance directly affect the time required to charge the
capacitor CHOLD. The sampling switch (Rss) impedance
varies over the device voltage (VDD), see Figure 12-4.
The maximum recommended impedance for analog
sources is 10 kQ. As the source impedance is
decreased, the acquisition time may be decreased.
After the analog input channel is selected (or changed),

EQUATION 12-1: ACQUISITION TIME EXAMPLE

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

Taco = 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:

1 _
— ) = VcroLp

_— ;[1] VCHOLD charged to within 1/2 Isb
(20 )-1I

VAPPLIED(] —

1
Varprieo| 1 —e S| = Venorn
;[2] VCHOLD charge response to VAPPLIED

—T

RC 1

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

= VAPPLIED(] _—
(20 )-1

VAPPL[ED(] —e

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

Solving for TcC:

Tc = —CroLp(RIC + RSS + RS) In(1/2047)
= —10pF(1k2+ 7k + 10k) In(0.0004885)
= 1.37us
Therefore:
TacQ = 2uS+ 1.37us + [(50°C- 25°C)(0.05u5/°C)]
= 4.67us

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 12-4: ANALOG INPUT MODEL

Legend: CPIN
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Note 1:

VDD
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|||—0

= Input Capacitance
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| LEAKAGE = Leakage current at the pin due to

various junctions
= Interconnect Resistance
= Sampling Switch
= Sample/Hold Capacitance

See Section 19.0 “Electrical Specifications”.
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FIGURE 12-5: ADC TRANSFER FUNCTION
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f
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TABLE 12-2: SUMMARY OF ASSOCIATED ADC REGISTERS

i i i i i i ; : Value on Value on
Name Bit7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit0 POR, BOR all other
Resets
ADCONO ADFM VCFG1 | VCFGO CHS2 CHS1 CHSO | GO/DONE | ADON 0000 0000 | 0000 0000
ADCON1 — ADCS2 ADCS1 ADCS0 — — — — -000 ---- -000 ----
ANSEL ANS7 ANS6 ANS5 ANS4 ANS3 ANS2 ANS1 ANSO 1111 1111 1111 1111
ADRESH | A/D Result Register High Byte XXXX XXXX uuuu uuuu
ADRESL A/D Result Register Low Byte XXXX XXXX uuuu uuuu
INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 0000 000x
LCDCON LCDEN SLPEN WERR VLCDEN Cs1 CSo LMUX1 LMUX0 0001 0011 0001 0011
LCDSEO SE7 SE6 SE5 SE4 SE3 SE2 SE1 SEO 0000 0000 0000 0000
LCDSE1 SE15 SE14 SE13 SE12 SE11 SE10 SE9 SE8 0000 0000 0000 0000
Lcbse2() SE23 SE22 SE21 SE20 SE19 SE18 SE17 SE16 0000 0000 0000 0000
PIE1 EEIE ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMR1IE 0000 0000 0000 0000
PIR1 EEIF ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF 0000 0000 0000 0000
PORTA RA7 RA6 RA5 RA4 RA3 RA2 RA1 RAO XXXX XXXX uuuu uuuu
PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO XXXX XXXX uuuu uuuu
PORTE RE7 RE6 RES5 RE4 RE3 RE2 RE1 REO XXXX XXXX uuuu uuuu
TRISA TRISA7 TRISA6 TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISAO 1111 1111 1111 1111
TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO 1111 ---- 1111 ----
TRISE TRISE7 TRISE6 TRISE5 TRISE4 TRISE3 TRISE2 TRISE1 TRISEO 1111 1111 1111 1111
Legend: x = unknown, u = unchanged, — = unimplemented read as ‘0’. Shaded cells are not used for ADC module.
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NOTES:
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13.0 DATA EEPROM AND FLASH
PROGRAM MEMORY
CONTROL

Data EEPROM memory is readable and writable and
the Flash program memory is readable during normal
operation (full VDD range). These memories are not
directly mapped in the register file space. Instead, they
are indirectly addressed through the Special Function
Registers. There are six SFRs used to access these
memories:

+ EECONT1
+ EECON2
« EEDATL
+ EEDATH
+ EEADRL
+ EEADRH

When interfacing the data memory block, EEDATL
holds the 8-bit data for read/write, and EEADRL holds
the address of the EE data location being accessed.
This device has 256 bytes of data EEPROM with an
address range from 00h to FFh.

When interfacing the program memory block, the
EEDATL and EEDATH registers form a 2-byte word
that holds the 14-bit data for read, and the EEADRL
and EEADRH registers form a 2-byte word that holds
the 13-bit address of the EEPROM location being
accessed. This family of devices has 4K and 8K words
of program Flash with an address range from
0h-OFFFh and Oh-1FFFh. The program memory allows
one word reads.

The EEPROM data memory allows byte read and write.
A byte write automatically erases the location and
writes the new data (erase before write).

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 voltage range of
the device for byte or word operations.

When the device is code-protected, the CPU may
continue to read and write the data EEPROM memory
and read the program memory. When code-protected,
the device programmer can no longer access data or
program memory.

13.1 EEADRL and EEADRH Registers

The EEADRL and EEADRH registers can address up
to a maximum of 256 bytes of data EEPROM or up to a
maximum of 8K words of program Flash.

When selecting a program address value, the MSB of
the address is written to the EEADRH register and the
LSB is written to the EEADRL register. When selecting
a data address value, only the LSB of the address is
written to the EEADRL register.

13.1.1 EECON1 AND EECON2 REGISTERS

EECON1 is the control register for EE memory
accesses.

Control bit EEPGD determines if the access will be a
program or data memory access. When clear, as it is
when reset, any subsequent operations will operate on
the data memory. When set, any subsequent operations
will operate on the program memory. Program memory
can only be read.

Control bits RD and WR initiate read and write,
respectively. These bits cannot be cleared, only set, in
software. They are cleared in 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
data EEPROM. On power-up, the WREN bit is clear.
The WRERR bit is set when a write operation is inter-
rupted by a MCLR or a WDT Time-out Reset during
normal operation. In these situations, following Reset,
the user can check the WRERR bit. The Data and
Address registers will be cleared on the Reset. User
code can then run an appropriate recovery routine.

Interrupt flag bit EEIF of the PIR1 register is set when
write is complete. It must be cleared in the software.

EECON?2 is not a physical register. Reading EECON2
will read all ‘0’'s. The EECON2 register is used
exclusively in the data EEPROM write sequence.

© 2007 Microchip Technology Inc.
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REGISTER 13-1: EEDATL: EEPROM/PROGRAM MEMORY DATA LOW BYTE REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
EEDATL7 | EEDATL6 | EEDATL5 | EEDATL4 | EEDATL3 | EEDATL2 | EEDATL1 | EEDATLO
bit 7 bit 0

Legend:

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

-n = Value at POR 1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 7-0 EEDATL<7:0>: Byte value to Write to or Read from data EEPROM bits or to Read from program memory

REGISTER 13-2: EEADRL: EEPROM/PROGRAM MEMORY ADDRESS LOW BYTE REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
EEADRL7 | EEADRL6 | EEADRL5 | EEADRL4 | EEADRL3 | EEADRL2 | EEADRL1 | EEADRLO
bit 7 bit 0

Legend:

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

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 7-0 EEADRL<7:0>: Specifies one of 256 locations for EEPROM Read/Write operation bits or low address byte for

program memory reads

REGISTER 13-3: EEDATH: PROGRAM MEMORY DATA HIGH BYTE REGISTER

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

— | — | EEDATH5 | EEDATH4 | EEDATH3 | EEDATH2 | EEDATH1 | EEDATHO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR 1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 EEDATH<5:0>: Byte value to Read from program memory

REGISTER 13-4: EEADRH: PROGRAM MEMORY ADDRESS HIGH BYTE REGISTER

uU-0 uU-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

— | — | — | EEDATH4 | EEDATH3 | EEDATH2 | EEDATH1 | EEDATHO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR 1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-5 Unimplemented: Read as ‘0’
bit 4-0 EEADRH<4:0>: Specifies the high address byte for program memory reads
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REGISTER 13-5: EECON1: EEPROM CONTROL REGISTER

R/W-x u-0 uU-0 uU-0 R/W-x R/W-0 R/S-0 R/S-0
EEPGD — — — WRERR WREN WR RD

bit 7 bit 0

Legend:

S = Bit can only be set

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

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared x = Bit is unknown

bit 7 EEPGD: Program/Data EEPROM Select bit

1 = Accesses program memory
0 = Accesses data memory

bit 6-4 Unimplemented: Read as ‘0’
bit 3 WRERR: EEPROM Error Flag bit

1 = A write operation is prematurely terminated (any MCLR Reset, any WDT Reset during
normal operation or BOR Reset)
0 = The write operation completed
bit 2 WREN: EEPROM Write Enable bit
1 = Allows write cycles
0 = Inhibits write to the data EEPROM
bit 1 WR: Write Control bit
EEPGD =1:
This bit is ignored
EEPGD =0:
1 = Initiates a write cycle (The bit is cleared by hardware once write is complete. The WR bit can only
be set, not cleared, in software.)
0 = Write cycle to the data EEPROM is