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MicrocHIP PIC16F917/916/914/913

28/40/44-Pin Flash-Based, 8-Bit CM OS Microcontrollerswith
L CD 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
e 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%
- Software selectable frequency range of
8 MHz to 32 kHz
- Software tunable
- Two-Speed Start-up mode
- Crystal fail detect for critical applications
- Clock mode switching during operation for
power savings
« 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:
- 85 uA @ 32 kHz, 2.0V, typical
- 100 uA @ 1 MHz, 2.0V, typical
« Watchdog Timer Current:
- 1 uA @ 2.0V, typical

Peripheral Features:

« Liquid Crystal Display module:
- Up to 60 pixel drive capability on 28-pin
devices
- Up to 96 pixel drive capability on 40-pin
devices
- Four commons
* Upto 35 1/O pins and 1 input-only pin:
- High-current source/sink for direct LED drive
- Interrupt-on-pin change
- 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
« TimerO0: 8-bit timer/counter with 8-bit
programmable prescaler
* Enhanced Timer1:
- 16-bit timer/counter with prescaler
- External Gate Input mode
- Option to use OSC1 and OSC2 as Timerl
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 [2C™

© 2005 Microchip Technology Inc.
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PIC16F917/916/914/913

Program Data Memory :
. Memory 10-bitAD | 6P Timers
Device I/0 (segment CCP 8/16-
Flash SRAM | EEPROM (ch) drivers) bit
(words/bytes) (bytes) (bytes)
PIC16F913 4K/7K 256 256 24 5 16 1 2/1
PIC16F914 4K/7K 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
Pin Diagrams — PIC16F914/917, 40-Pin
40-pin PDIP
RE3/MCLR/VPP ——=[]1 N 40 [1 <— RB7/ICSPDAT/ICDDAT/SEG13
RAO/ANO/C1-/SEG12 <—=[]2 39[] <— RB6/ICSPCLK/ICDCK/SEG14
RAL/AN1/C2-/ISEG7 <—[]3 38[] <— RB5/COM1
RA2/AN2/C2+/VREF-ICOM2 <—[] 4 371 <— RB4/COMO
RA3/AN3/C1+/VREF+/SEG15 <——[]5 36 [] «— RB3/SEG3
RA4/C10UT/TOCKI/SEG4 <—[] 6 35[] «<— RB2/SEG2
RA5/AN4/C20UT/SS/SEG5 ~— [ 7 34[]<———= RB1/SEG1
REO/AN5/SEG21 <—[]8 - 33[] <— RBO/INT/SEGO
RE1/AN6/SEG22 <—[] 9 b 32[]=<—— VDD
RE2/AN7/SEG23 <—=[1]10 s 31[] <—— Vss
Voo ——[ 11 g 30[] <— RD7/SEG20
Vss ——[]12 3 291 <— RD6/SEG19
RA7/0SC1/CLKI/TLOSI <—[]13 a 28[] =— RD5/SEG18
RA6/0SC2/CLKO/T10SO <—[] 14 27[] ~—— RD4/SEG17
RCO/VLCD1 <—=[] 15 26 [1 <— RC7/RX/DT/SDI/SDA/SEG8
RCL/VLCD2 <—=[]16 25[1 <— RC6/TX/CK/SCK/SCL/SEGY
RC2/VLCD3 <—=[] 17 24[] <— RCS5/T1CKI/CCP1/SEG10
RC3/SEG6 <—[] 18 23[1 <— RC4/T1G/SDO/SEG11
RDO/COM3 <—[] 19 22[] <— RD3/SEG16
RD1 <——[]20 21[] <— RD2/CCP2

DS41250D-page 2
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PIC16F917/916/914/913

Pin Diagrams — PIC16F913/916, 28-Pin

28-pin PDIP, SOIC, SSOP

RE3/MCLR/VPP —[|°
RAO/ANO/C1-/SEG12 <[]
RAL/AN1/C2-/SEG7T =—[
RA2/AN2/C2+/VREF-ICOM2 <~—|
RA3/AN3/C1+/VREF+/COM3/SEG15 <[ |

| ] <— RB7/ICSPDAT/ICDDAT/SEG13
27 ]=— RB6/ICSPCLK/ICDCK/SEG14
26[ ] <— RB5/COM1

25 ] «<— RB4/COMO

24 ] <—— RB3/SEG3

o ~NO O WDN P

RA4/C1OUT/TOCKI/SEG4 <—[] Q 23] <—— RB2/SEG2
RA5/AN4/C20UT/SS/SEGS <— [ Z 22 ] <— RBI1/SEG1
Vss —[| p=d 21| | <— RBO/INT/SEGO
RA7/0OSC1/CLKI/T1O0SI =—[] 9 § 20[ ]<—— VoD
RAB6/0SC2/CLKO/T10SO <——[ |10 8 19[ ] ~— Vss
RCO/NLCD1 <[ |11 e 18 [ ] «— RC7/RX/DT/SDI/SDA/SEG8
RC1/VLCD2 <—[ |12 17[] RC6/TX/CK/SCK/SCL/SEG9
RC2/VLCD3 <—[ |13 16| ] «——» RC5/T1CKI/CCP1/SEG10
RC3/SEG6 -—[ |14 15[ ] «——» RC4/T1G/SDO/SEG11

28-pin QFN

26 []<—— RE3/MCLR/VPP

25[]<—— RB7/ICSPDAT/ICDDAT/SEG13
24 [1<— RB6/ICSPCLK/ICDCK/SEG14

28 []<— RA1/AN1/C2-/SEG7
27 [1<— RAO/ANO/C1-/SEG12

23[1=<— RB5/COM1
22 [1=<— RB4/COMO

[9)

RA2/AN2/C2+/VREF-/COM2 <—[]
RA3/AN3/C1+/VREF+/COM3/SEG15 <—[]
RA4/C1OUT/TOCKI/SEG4 <~—[]
RA5/AN4/C20UT/SSISEG5 <[]

Vss —[

RA7/0SC1/CLKI/T10SI «— []
RA6/0SC2/CLKO/T10SO =—[]

21 [J<— RB3/SEG3
20 J<—= RB2/SEG2
19 [1=— RB1/SEG1
PIC16F913/916 18 [J=<— RBO/INT/SEGO
17 [1J=<—— VDD
16 []=—> Vss
15 []<—— RC7/RX/DT/SDI/SDA/SEG8

~N o O WN P

RC3/SEG6 =—[]11

RC4/T1G/SDO/SEG11 =—[]12
RC5/T1CKI/CCP1/SEG10 =—[]13

RC2/VLCD3 <—[]10
RC6/TX/CK/SCK/SCL/ISEG9 ——[]14

RCO/VLCD1 =—=[]8
RC1/VLCD2 =—[]9

© 2005 Microchip Technology Inc. Prelimin ary DS41250D-page 3



PIC16F917/916/914/913

Pin Diagrams — PIC16F914/917, 44-Pin

ON
¢doINTOY
€AJ71A/¢Od

993S/€0d

€NOD/0aY

Tad

¢dd0/cad

9193s/eAad
11935/0As/9T.L/¥0d
0T93S/TdOO/IMOTL/SOd
693S/TOS/MIS/MHI/X1/90d

44-pin TQFP

3113 <— RA6/0SC2/CLKO/T10SO
30 <+— RA7/OSC1/CLKI/T10SI

33
29[TT] -— VssS
28111 <— VDD

NC
321 <« RCO/VLCD1

QIO
NHNOOM
PIC16F914/917

-

-~

TONAHO
AN A AR
O

270 <— RE2/AN7/SEG23
26 <—» RE1/AN6/SEG22
55 [T <— REO/ANS/SEG21

2411 <+— RA5/AN4/C20UT/SS/ISEG5
2311 <— RA4/C1OUT/TOCKI/SEG4

[44
T2
0c
6T
8T
LT
9T
ST
1
€T
[4)

VSS <« I 6

RD4/SEG17 <— 1] 2
RD5/SEG18 «—» 1 3
RD6/SEG19 <— 1] 4
RD7/SEG20 <-—» 15

RC7/RX/DT/SDI/SDA/SEG8 <— 1] 1

VoD — 1 7

RBO/SEGO/INT <—[TT]8

RB1/SEG1 <— [T 9
RB2/SEG2 <«— [TT] 10
RB3/SEG3 <—[T11] 11

-]
-

ON
ON

TOAdIN/00d

¢dOINTOY

€AaJ71A/eOd

993S/€0d

€NOD/0aY

Tay

¢dd2/cad

9193S/edd
11935/0As/9T.L/¥od
0T93S/TdOD/INOTL/SOd
693S/TOS/MIS/MAI/XL/90d

[T <— STOIS/+TO/+4FIN/ENV/EVY
1 <— ZINOD/-4389A/+2D/CNV/evd
P <— /93S/INV/-¢O/Tvd

M1 <— ¢TO3S/0NV/-10/0vd

T <—— ddA/4TTON/€3H

1 <—= €T193S/1vddol/Lvadsol/La9d
FT <— $TO3S/MOADI/MTOdSD1/99d
[T <-— TINOD/Sgd

M1 <— 0NOD/vad

-— [IT]
-— [T}
<— 1T
~<— [TT]
< 1T
~<— [TT]
~<— [TT]
~<— [TT]
<— [TT]
-~ [T
~<— [TT]

44-pin QFN

NC

3313 «<——= RA6/0SC2/CLKO/T10SO
3213 «——= RA7/OSC1/CLKI/T10SI

31T 1<— Vss
30 <-— Vss

e
S€

24111 «<— RA5/AN4/C20UT/SS/SEG5
23111 <— RA4/C10UT/TOCKI/SEG4

271 < RE2/AN7/SEG23
26T < REL/ANG/SEG22
551 <— REO/ANS/SEG21

2911
28111 <—— VDD

[44
1|

9e 5 0z
L€ o 6T
8e ! 8T
6€ L LT
ov m 9T
2% Q ST
A% o vT
5% €T
o A

HAANMTOON~NOO -

OS82 8238850

poobe->>nun

20000 233

33885 &8

Oreece S

n m

%) 2

=

Q

x

a4

=

O

@

I <—> STO3S/+4IIN/+TI/ENV/EVY
[T <— CINOD/-438A/+CD/ZNV/2vVY
[T <— /93S/-¢O/TNV/IVY

I =— ¢193S/-TO/0NV/0VY

[T <— ddA/dT1OW/E3d

P2 <— €193S/1vaddl/Lvadsol/ gy
HI2 <— ¥ 193S/X0AdI/M70dS21/99y
1 <— TINOD/Sad

3 <— OWNOJ/¥8d

- ON

HT1 <— £935/€9d
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PIC16F917/916/914/913
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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
e 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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PIC16F917/916/914/913

1.0 DEVICE OVERVIEW

This document contains device specific information for
the PIC16F91X. Additional information may be found in
the “PICmicro® Mid-Range MCU Family Reference
Manual” (DS33023), downloaded from the Microchip
web site. The Reference Manual should be considered
a complementary document to this data sheet and is
highly recommended reading for a better
understanding of the device architecture and operation
of the peripheral modules.

The PIC16F91X devices are covered by this data
sheet. It is available in 28/40/44-pin packages.

© 2005 Microchip Technology Inc. Prelimin ary DS41250D-page 7



PIC16F917/916/914/913

FIGURE 1-1:

PIC16F913/916 BLOCK DIAGRAM

INT

13

Data Bus PORTA
Program Counter |<— <= RAO/ANO/C1-/SEG12
Flash @ <> RA1/AN1/C2-/SEG7
4k/8k x 14 RA2/AN2/C2+/VREF-/COM2
RA3/AN3/C1+/VREF+/COM3/SEG15
Program ) RAM
9 ‘ 8-Level Stack (13-bit) | 256/352 b e RA4/C1OUT/TOCKI/SEG4
Memory ytes ec
File <X RA5/AN4/C20UT/SS/SEG5
@ Registers <> X| RA6/0SC2/CLKO/T10SO
Program 14 <> X| RA7/0SC1/CLKI/T10SI
Bus Program Memory Read <l'—_ 1 RAM Addr
(PRM) 1 9 PORTB
Addr MUX <] RBO/INT/SEGO
Instruction Reg ) <[ X| RB1/SEG1
I Direct Addr 7 Indirect ==[X| RB2/SEG2
L > RB3/SEG3
™ > RB4/COMO
<[> RB5/COM1
> RB6/ICSPCLK/ICDCK/SEG14
|« [X| RB7/ICSPDAT/ICDDAT/SEG13
8
PORTC
<[] RCOVLCD1
3 <= RC1VLCD2
\/ Power-up <»X| RC2/VLCD3
Instruction Timer @ - <] RC3/SEG6
-
Decode and <'n::> Oscillator x| RCA/T1G/SDO/SEG11
Control Start-up Timer ALU <>1X] RCS/T1CKI/CCP1/SEG10
> RC6/TX/CK/SCK/SCL/SEG9
OSC1/CLKI Power-on 8 I <= [X| RC7/RX/DT/SDI/SDA/SEGS
Reset
Timing
0SC2ICLKO | Generation K=>{| Watchdog PORTE
Timer
Brown-out
Reset
Internal N RE3/MCLR/VpPP
Oscillator M
Block
VDD Vss
Data EEPROM
=1 256 bytes
Timer0 Timerl Timer2 10-bit A/D
Addressable
Comparators CCP1 SSP USART BOR PLVD LCD

DS41250D-page 8
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PIC16F917/916/914/913

FIGURE 1-2:

PIC16F914/917 BLOCK DIAGRAM

Configuration

INT

T

3 Data Bus PORTA
Program Counter < <= [X|RAO/ANO/C1-/SEG12
Flash @ RAL/AN1/C2-/SEG7
4k/8k x 14 RA2/AN2/C2+/VREF-/ICOM2
N RA3/AN3/C1+/VREF+/SEG15
Program | 8-Level Stack (13-bit) ‘ 256/55'2'\/'[) s ™ RA4/C1OUT/TOCKI/SEG4
Memory File m RAS5/AN4/C20UT/SS/SEG5
@ Registers RA6/0SC2/CLKO/T10SO
Program 14 RA7/0SC1/CLKI/T1OSI
Bus Program Memory Read <:—_ RAM Addr
(PRM) h9 PORTB
H: Addr MUX RBO/INT/SEGO
Instruction Reg RB1/SEG1
| | Direct Addr 7 Indirect RB2/SEG2
Addr || RB3/SEG3
™1 RB4/COMO
RB5/COM1
«—=X|RB6/ICSPCLK/ICDCK/SEG14
RB7/ICSPDAT/ICDDAT/SEG13
8
PORTC
RCO/VLCD1
3 «—[X|RC1VLCD2
\V Power-up RC2/VLCD3
Instruction Timer @ = RC3/SEG6
Decode and <:::> Oscillator ™ RC4/T1G/SDO/SEG11
Control Start-up Timer ALU RC5/T1CKI/CCP1/SEG10
RC6/TX/CK/SCK/SCL/ISEG9
OSCL/CLKI Power-on 8 L RC7/RX/DT/SDI/SDA/SEG8
o Reset
0SC2CLKO | Generaton Kj|  Watchdog PORTD
Timer RDO/COM3
Brown-out RD1
Reset RD2/CCP2
internal N RD3/SEG16
Oscillator I% I% ™ RD4/SEG17
Block RD5/SEG18
RD6/SEG19
VDD  Vss RD7/SEG20
PORTE
REO/AN5/SEG21
RE1/AN6/SEG22
RE2/AN7/SEG23
N RE3/MCLR/VPP
V ‘
Timer0 Timerl Timer2 10-bit A/ID Data EEPROM
ﬁ ﬁ ﬁ 256 bytes
Addressable
Comparators CCP1 CCP2 SSP USART BOR PLVD LCD

© 2005 Microchip Technology Inc.
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PIC16F917/916/914/913

TABLE 1-1: PIC16F91X PINOUT DESCRIPTIONS

Name Function I1r_1yppu(: O_g/tsgt Description
RAO/ANO/C1-/SEG12 RAO TTL | CMOS | General purpose 1/0.
ANO AN — Analog input Channel 0/Comparator 1 input — negative.
C1l- — AN Comparator 1 negative input.
SEG12 — AN LCD analog output.
RA1/AN1/C2-/ISEG7 RA1l TTL | CMOS | General purpose 1/0.
AN1 AN — Analog input Channel 1/Comparator 2 input — negative.
C2- — AN Comparator 2 negative input.
SEG7 — AN LCD analog output.
RA2/AN2/C2+/\VREF-/COM2 RA2 TTL | CMOS | General purpose 1/0.
AN2 AN — Analog input Channel 2/Comparator 2 input — positive.
C2+ — AN Comparator 2 positive input.
VREF- AN — External Voltage Reference — negative.
COM2 — AN LCD analog output.
RA3/AN3/C1+/VREF+/COM3WD)/ RA3 TTL | CMOS | General purpose I/O.
SEG15 AN3 AN — Analog input Channel 3/Comparator 1 input — positive.
Ci+ — AN Comparator 1 positive input.
VREF+ AN — External Voltage Reference — positive.
com3® | — AN | LCD analog output.
SEG15 — AN LCD analog output.
RA4/C10UT/TOCKI/SEG4 RA4 TTL | CMOS | General purpose 1/O.
C10uT — CMOS | Comparator 1 output.
TOCKI ST — Timer0 clock input.
SEG4 — AN LCD analog output.
RAB/AN4/C20UT/SS/SEG5 RA5 TTL | CMOS | General purpose /0.
AN4 AN — Analog input Channel 4.
C20UT — CMOS | Comparator 2 output.
ss TTL — Slave select input.
SEG5 — AN LCD analog output.
RA6/0SC2/CLKO/T10S0O RA6 TTL | CMOS | General purpose 1/0.
0OSC2 — XTAL | Crystal/Resonator.
CLKO — CMOS | Tosc/4 reference clock.
T10SO — XTAL | Timerl oscillator output.
RA7/0SC1/CLKI/T10SI RA7 TTL | CMOS | General purpose 1/0.
0OScC1 XTAL — Crystal/Resonator.
CLKI ST — Clock input.
T10SI XTAL — Timerl 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.
RB1/SEG1 RB1 TTL | CMOS | General purpose I/O. Individually enabled pull-up.
SEG1 — AN LCD analog output.
Legend: AN = Analoginputoroutput CMOS= CMOS compatible input or output D = Direct

TTL TTL compatible input ST Schmitt Trigger input with CMOS levels
HV High Voltage XTAL Crystal
Note 1: COM3 is available on RA3 for the PIC16F913/916 and on RDO for the PIC16F914/917.
2:  Pins available on PIC16F914/917 only.
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PIC16F917/916/914/913

TABLE 1-1: PIC16F91X PINOUT DESCRIPTIONS (CONTINUED)
Name Function I{_lyppué O%/tsgt Description
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 I/O.
SEG14 — AN LCD analog output.
RB7/ICSPDAT/ICDDAT/SEG13 RB7 TTL | CMOS | General purpose I/O. Individually controlled interrupt-on-
change. Individually enabled pull-up.
ICSPDAT ST CMOS | ICSP Data 1/0.
ICDDAT ST | CMOS |ICD Data I/O.
SEG13 — AN LCD analog output.
RCO/VLCD1 RCO ST CMOS | General purpose /0.
VLCD1 AN — LCD analog input.
RC1/VLCD2 RC1 ST CMOS | General purpose /0.
VLCD2 AN — LCD analog input.
RC2/VLCD3 RC2 ST CMOS | General purpose /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.
SEG11 — AN LCD analog output.
RC5/T1CKI/CCP1/SEG10 RC5 ST CMOS | General purpose /0.
T1CKI ST — Timerl clock input.
CCP1 ST CMOS | Capture 1 input/Compare 1 output/PWM 1 output.
SEG10 — AN LCD analog output.
RC6/TX/CK/SCK/SCL/SEG9 RC6 ST CMOS | General purpose /0.
X — CMOS | USART asynchronous serial transmit.
CK ST CMOS | USART synchronous serial clock.
SCK ST | CMOS | SPI™ clock.
SCL ST CMOS |I12C™ clock.
SEG9 — AN LCD analog output.
Legend: AN = Analog inputoroutput CMOS= CMOS compatible input or output D = Direct
TTL = TTL compatible input ST = Schmitt Trigger input with CMOS levels
HV = High Voltage XTAL = Crystal
Note 1: COM3is available on RA3 for the PIC16F913/916 and on RDO for the PIC16F914/917.
2: Pins available on PIC16F914/917 only.
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PIC16F917/916/914/913

TABLE 1-1: PIC16F91X PINOUT DESCRIPTIONS (CONTINUED)

Name Function I1r_1yppu(: O_g/tsgt Description
RC7/RX/DT/SDI/SDA/SEGS8 RC7 ST CMOS | General purpose /0.
RX ST — USART asynchronous serial receive.
DT ST CMOS | USART synchronous serial data.
SDI ST CMOS | SPI™ data input.
SDA ST CMOS |I1’C™ data.
SEGS8 — AN LCD analog output.
RDO/COM3(L 2) RDO ST | CMOS |General purpose I/O.
COM3 — AN LCD analog output.
RD1@ RD1 ST | CMOS |General purpose /0.
RD2/ccp2(® RD2 ST | CMOS |General purpose I/O.
CCP2 ST CMOS | Capture 2 input/Compare 2 output/PWM 2 output.
RD3/SEG16(? RD3 ST | CMOS |General purpose I/O.
SEG16 — AN LCD analog output.
RD4/SEG17@ RD4 ST | CMOS |General purpose I/O.
SEG17 — AN LCD analog output.
RD5/SEG18(? RD5 ST | CMOS |General purpose I/O.
SEG18 — AN LCD analog output.
RD6/SEG19( RD6 ST | CMOS |General purpose I/O.
SEG19 — AN LCD analog output.
RD7/SEG20@ RD7 ST | CMOS |General purpose I/O.
SEG20 — AN LCD analog output.
REO/AN5/SEG213 REO ST | CMOS |General purpose I/O.
ANS AN — Analog input Channel 5.
SEG21 — AN LCD analog output.
RE1/AN6/SEG22(3 RE1 ST | CMOS |General purpose I/O.
ANG6 AN — Analog input Channel 6.
SEG22 — AN LCD analog output.
RE2/AN7/SEG23@ RE2 ST | CMOS |General purpose I/O.
AN7 AN — Analog input Channel 7.
SEG23 — AN LCD analog output.
RE3/MCLR/VpPP RE3 ST — | Digital input only.
MCLR ST — | Master Clear with internal pull-up.
VPP HV — Programming voltage.
VDD VDD D — Power supply for microcontroller.
Vss Vss D — Ground reference for microcontroller.
Legend: AN Analog input or output CMOS = CMOS compatible input or output D = Direct

TTL TTL compatible input ST Schmitt Trigger input with CMOS levels
HV High Voltage XTAL Crystal

Note 1: COM3is available on RA3 for the PIC16F913/916 and on RDO for the PIC16F914/917.
2: Pins available on PIC16F914/917 only.
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PIC16F917/916/914/913

2.0 MEMORY ORGANIZATION FIGURE 2-2: PROGRAM MEMORY MAP
AND STACK FOR THE
2.1  Program Memory Organization PIC16F916/917
The PIC16F917/916/914/913 has a 13-bit program pc<12:0>
counter capable of addressing a 4k x 14 program
memory space for the PIC16F913/914 (0000h-OFFFh) gé%;,mllmgg?gw 13
and an 8kx 14 program memory space for the
PIC16F916/917 (0000h-1FFFh). Accessing a location Stack Level 1
above the memory boundaries for the PIC16F913 and Stack Level 2
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. Stack Level 8
FIGURE 2-1: PROGRAM MEMORY MAP Reset Vector 0000h
AND STACK FOR THE . <
PIC16F913/914 J
Interrupt Vector 0004h
pc<12:0> Page 0 0005h
CALL, RETURN 13 07FFh
RETFIE, RETLW 0800h
. Page 1
Stack Level 1 F?rggcgr% OFFFh
Stack I._evel 2 Memory 1000h
. Page 2
Stack Level 8 17FFh
1800h
Page 3
Reset Vector 0000h 1FFFh
: P
Interrupt Vector 0004h
0005h
. Page 0
F?rg;’r:rf] 07FFh
0800h
Memory Page 1
OFFFh
1000h
1FFFh
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PIC16F917/916/914/913

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.

| RPO | RP1 | (STATUS<6:5>)

= 00: — BankO

= 01. —» Bank1
= 10: — Bank2
= 11. — Bank 3

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.

221 GENERAL PURPOSE REGISTER
FILE

The register file is organized as 256x8 in the
PIC16F913/914 and 352x 8 in the PIC16F916/917.
Each register is accessed either directly or indirectly
through the File Select Register (FSR) (see Section 2.5
“Indirect Addressing, INDF and FSR Registers”).

2.2.2 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 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.

DS41250D-page 14 Preliminary
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PIC16F917/916/914/913

FIGURE 2-3:

PIC16F913/916 SPECIAL FUNCTION REGISTERS

Indirect addr. @

TMRO

PCL

STATUS

FSR

PORTA

PORTB

PORTC

PORTE

PCLATH

INTCON

PIR1

PIR2

TMR1L

TMR1H

T1CON

TMR2

T2CON

SSPBUF

SSPCON

CCPRI1L

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

Indirect addr. @

OPTION_REG

PCL

STATUS

FSR

TRISA

TRISB

TRISC

TRISE

PCLATH

INTCON

PIE1

PIE2

PCON

OSCCON

OSCTUNE

ANSEL

PR2

SSPADD

SSPSTAT

WPUB

I0CB

CMCONL1

TXSTA

SPBRG

CMCONO

VRCON

ADRESL

ADCON1

General
Purpose
Register

80 Bytes

accesses
70h-7Fh

Bank 1

File
Address
80h
81h
82h
83h
84h
85h
86h
87h
88h
89h
8Ah
8Bh
8Ch
8Dh
8Eh
8Fh
90h
91h
92h
93h
94h
95h
96h
97h
98h
9%h
9Ah
9Bh
9Ch
9Dh
9Eh
9Fh
AOh

EFh
Foh
FFh

Indirect addr. @

TMRO

PCL

STATUS

FSR

WDTCON

PORTB

LCDCON

LCDPS

LVDCON

PCLATH

INTCON

EEDATL

EEADRL

EEDATH

EEADRH

LCDDATAO

LCDDATAL

LCDDATA3

LCDDATA4

LCDDATA6

LCDDATA7

LCDDATA9

LCDDATA10

LCDSEO

LCDSE1

General
Purpose
Register

80 Bytes

accesses
70h-7Fh

Bank 2

[0 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
11%h
11Ah
11Bh
11Ch
11Dh
11Eh
11Fh
120h

16Fh
170h
17Fh

Indirect addr. @

OPTION_REG

PCL

STATUS

FSR

TRISB

PCLATH

INTCON

EECON1

EECON2®

General
Purpose
Register®

96 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

1EFh
1FOh
1FFh

© 2005 Microchip Technology Inc.
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PIC16F917/916/914/913

FIGURE 2-4: PIC16F914/917 SPECIAL FUNCTION REGISTERS
File File File File
Address Address Address Address
Indirect addr. @ | 0oh Indirect addr. @ | 80h Indirect addr. ) | 100h Indirect addr. (D | 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 OAh 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 EECON2D) | 18Dh
TMRI1L OEh PCON 8Eh EEDATH 10Eh 18Eh
TMR1H OFh OSCCON 8Fh EEADRH 10Fh 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
CCPR2L 15h WPUB 95h LCDDATAS 115h
CCPR2H 16h I0CB 96h LCDDATA6 116h
CCP2CON 17h CMCON1 97h LCDDATA7 117h
RCSTA 18h TXSTA 98h LCDDATAS8 118h
TXREG 19h SPBRG 99h LCDDATA9 119h General
RCREG  |1Ah 9Ah LCDDATAL0 |11Ah Purpose
CCPR2L  |1Bh 9Bh LCDDATA1Ll |11Bh Register(®)
CCPR2H 1Ch CMCONO 9Ch LCDSEO 11Ch
CCPR2CON | 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
7Eh 70h-7Fh FFh 70h-7Fh 17Eh 70h-7Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3

[0 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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PIC16F917/916/914/913

TABLE 2-1: PIC16F917/916/914/913 SPECIAL REGISTERS SUMMARY BANK 0

Value on Value on

Addr Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR/BOR all other
Reset Resets(?

Bank 0
00h INDF Addressing this location uses contents of FSR to address data memory (not a physical register) XXXX XXXX | XXXX XXXX
01lh TMRO TimerO Module Register XXXX XXXX | uuuu uuuu
02h PCL Program Counter’s (PC) Least Significant Byte 0000 0000 | 0000 0000
03h | STATUS IRP RP1 RPO T0 PD z DC c 0001 1xxx | 000q quuu
04h FSR Indirect Data Memory Address Pointer XXXX XXXX | uuuu uuuu
05h PORTA RA7 RA6 RA5 RA4 RA3 RA2 RA1 RAO XXXX XXXX | uuuu uuuu
06h PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO XXXX XXXX | uuuu uuuu
07h PORTC RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO XXXX XXXX | uuuu uuuu
ogh | PORTD® RD7 RD6 RD5 RD4 RD3 RD2 RD1 RDO | xxxx xxxx | uuuu uuuu
09h | PORTE — — — — RE3 RE2®) RE1®) REO® | ---- xxxx | ---- uuuu
OAh PCLATH — — — Write Buffer for upper 5 bits of Program Counter ---0 0000 | ---0 0000
0Bh INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000x
0Ch PIR1 EEIF ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF | 0000 0000 | 0000 0000
0Dh PIR2 OSFIF C2IF ClIF LCDIF — LVDIF — CCP2IF 0000 -0-0 | 0000 -0-0
OEh TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 XXXX XXXX | uuuu uuuu
OFh TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 XXXX XXXX | uuuu uuuu
1on [TicoN | T1GINV [ T1GE | T1CKPS1 | T1CKPSO | T10SCEN | TISYNC | TMRICS [ TMRION | 0000 0000 | wuuu uuuu
11h TMR2 Timer2 Module Register 0000 0000 | 0000 0000
12h | T2cON — | routps3 | Toutps2 | TouTpsi | ToUTPSO | TMR20N | T2cKPS1 | T2CKPS0 | -000 0000 | -000 0000
13h SSPBUF | Synchronous Serial Port Receive Buffer/Transmit Register XXXX XXXX | uuuu uuuu
14n  [sspcon | weol | sspov | sspEN | ckp | ssPm3 | sspmz2 | ssPM1 [ ssPMo | oooo o000 | 0ooo oooo
15h CCPR1L Capture/Compare/PWM Register 1 (LSB) XXXX XXXX | uuuu uuuu
16h CCPR1H | Capture/Compare/PWM Register 1 (MSB) XXXX XXXX | uuuu uuuu
17h CCP1CON — — CCP1X CCP1Y CCP1M3 | CCP1M2 | CCP1M1 | CCP1IMO | --00 0000 | --00 0000
18h RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 0000 000x | 0000 000x
19h TXREG USART Transmit Data Register 0000 0000 | 0000 0000
1Ah RCREG USART Receive Data Register 0000 0000 | 0000 0000
1Bh@ | CCPR2L | Capture/Compare/PWM Register 2 (LSB) XXXX XXXX | uuuu uuuu
1ch® | CCPR2H | Capture/Compare/PWM Register 2 (MSB) XXXX XXXX | uuuu uuuu
10n® [cepecon| — [ — | ccpax | ccpay | ccpems | cepemz | cepami [ ccpemo | --00 o000 | --00 o000
1Eh ADRESH | A/D Result Register High Byte XXXX XXXX | uuuu uuuu
1rh  [aDcono | ADFM | verei | verGo | cHs2 | cHsi | cHso | GOBONE | ADON | 0000 0000 | 0000 o000
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 only.
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PIC16F917/916/914/913

TABLE 2-2: PIC16F917/916/914/913 SPECIAL FUNCTION REGISTERS SUMMARY BANK 1

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

Reset Resets®
Bank 1
80h [ INDF Addressing this location uses contents of FSR to address data memory (not a physical XXXX XXXX | XXXX XXXX

register)

81h | OPTION_REG| RBPU | INTEDG | TOCS | TOSE | PSA | PS2 | PS1 | PS0 1111 1111 | 1111 1111
82h |PCL Program Counter’s (PC) Least Significant Byte 0000 0000 | 0000 0000
83h | STATUS rp | Rt | R0 | To | 0 | z | bc | ¢ 0001 1xxx | 000g guuu
84h | FSR Indirect Data Memory Address Pointer XXXX XXXX | uuuu uuuu
85h TRISA TRISA7 | TRISA6 | TRISA5 | TRISA4 TRISA3 TRISA2 TRISAL TRISAO 1111 1111 | 1111 1111
86h TRISB TRISB7 | TRISB6 | TRISB5 | TRISB4 TRISB3 TRISB2 TRISB1 TRISBO 1111 1111 | 1111 1111
87h | TRISC TRISC7 | TRISC6 | TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO | 1111 1111 | 1111 1111
8sh | TRISD® TRISD7 | TRISD6 | TRISD5 | TRISD4 | TRISD3 | TRISD2 | TRISD1 | TRISDO | 1111 1111 | 1111 1111
89h | TRISE — — — — TRISE3® | TRISE2? | TRISEL? | TRISEOP | ---- 1111 | ---- 1111
8Ah | PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 | ---0 0000
8Bh | INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000x
8Ch |PIE1 EEIE ADIE RCIE TXIE SSPIE CCP1IE | TMR2IE | TMR1IE | 0000 0000 | 0000 0000
8Dh | PIE2 OSFIE C2IE ClIE LCDIE — LVDIE — CCP2IE | 0000 -0-0 | 0000 -0-0
8Eh | PCON = = = SBOREN = = POR BOR -1 --qq | ---u --uu
8Fh | OSCCON — IRCF2 IRCF1 IRCFO 0sTS® HTS LTS SCS -110 g000 -110 x000
90h OSCTUNE — — — TUN4 TUN3 TUN2 TUN1 TUNO ---0 0000 ---u uuuu
91h | ANSEL ANS7® | ANs6® | ANsS5® | ANs4 ANS3 ANS2 ANS1 ANSO | 1111 1111 | 1111 1111
92h | PR2 Timer2 Period Register 1111 1111 | 1111 1111
93h | SSPADD Synchronous Serial Port (IZC mode) Address Register 0000 0000 | 0000 0000
94h | SSPSTAT SMP CKE D/A P S RIW UA BF 0000 0000 | 0000 0000
95h | WPUB WPUB7 | WPUB6 | WPUB5 | WPUB4 | WPUB3 | WPUB2 | WPUB1 | WPUBO | 1111 1111 | 1111 1111
96h |10CB 10CB7 10CB6 10CB5 10CB4 — — — — 0000 ---- | 0000 ----
97h | CMCON1 — — — — — — T1GSS | C2SYNC | ---- -- 10 | ---- -- 10
98h | TXSTA CSRC TX9 TXEN SYNC — BRGH TRMT TX9D 0000 -010 | 0000 -010
99h | SPBRG SPBRG7 | SPBRG6 | SPBRG5 | SPBRG4 | SPBRG3 | SPBRG2 | SPBRG1 | SPBRGO | 0000 0000 | 0000 0000
9Ah — Unimplemented — —
9Bh — Unimplemented — —
9Ch | CMCONO C20UT C10UT C2INV CI1INV CIS CM2 CM1 CMO 0000 0000 0000 0000
9Dh | VRCON VREN — VRR — VR3 VR2 VR1 VRO 0-0- 0000 0-0- 0000
9Eh | ADRESL A/D Result Register Low Byte XXXX XXXX | uuuu uuuu
9Fh | ADCON1 — | ADCS2 ADCS1 ADCSO0 — — — — -000 ---- -000 ---
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: PIC16F914/917 only.

3: PIC16F914/917 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 4.0 “Clock
Sources”.

5:  Bitis read-only; TRISE = 1 always.
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PIC16F917/916/914/913

TABLE 2-3: PIC16F917/916/914/913 SPECIAL REGISTERS SUMMARY BANK 2
Value on Value on
Addr Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR/BOR all other
Reset Resets(®)
Bank 2
100h | INDF Addressing this location uses contents of FSR to address data memory (not a physical register) XXXKX XXXX | XXXX KXXX
101h | TMRO TimerO Module Register XXXX XXXX | uuuu uuuu
102h | PCL Program Counter’s (PC) Least Significant Byte 0000 0000|0000 0000
103h | STATUS IRP RP1 RPO TO PD z DC c 0001 1xxx | 000q quuu
104h | FSR Indirect Data Memory Address Pointer XXXX XXXX | uuuu uuuu
105h | WDTCON — — — WDTPS3 | WDTPS2 | WDTPS1 | WDTPSO | SWDTEN | ---0 1000 | ---0 1000
106h | PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO XXXX XXXX [uuuu uuuu
107h | LCDCON LCDEN SLPEN WERR VLCDEN CSs1 CSo LMUX1 LMUXO |[0001 0011|0001 0011
108h | LCDPS WFT BIASMD LCDA WA LP3 LP2 LP1 LPO 0000 0000 [ 0000 0000
109h | LVDCON — — IRVST LVDEN — LvVDL2 LvDL1 LVDLO --00 -100|--00 -100
10Ah | PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000|---0 0000
10Bh | INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x [ 0000 000x
10Ch | EEDATL EEDATL7 | EEDATL6 | EEDATLS | EEDATL4 | EEDATL3 | EEDATL2 | EEDATL1 | EEDATLO | 0000 0000 | 0000 0000
10Dh | EEADRL EEADRL7 | EEADRL6 | EEADRLS | EEADRL4 | EEADRL3 | EEADRL2 | EEADRL1 | EEADRLO [ 0000 0000 | 0000 0000
10Eh | EEDATH — — EEDATH5 | EEDATH4 | EEDATH3 | EEDATH2 | EEDATH1 | EEDATHO | --00 0000 | --00 0000
10Fh | EEADRH — — — EEADRH4 | EEADRH3 | EEADRH2 | EEADRH1 | EEADRHO | ---0 0000 | ---0 0000
110h | LCDDATAO SEG7 SEG6 SEG5 SEG4 SEG3 SEG2 SEG1 SEGO XXXX XXXX [uuuu uuuu
COMO COMO COMO COMO COMO COMO COMO COMO
111h | LCDDATA1 SEG15 SEG14 SEG13 SEG12 SEG11 SEG10 SEG9 SEG8 | xxxx XXXX |uuuu uuuu
COMO COMO COMO COMO COMO COMO COMO COMO
112h | LCDDATA2®) SEG23 SEG22 SEG21 SEG20 SEG19 SEG18 SEG17 SEG16 |xxxx XXXX |uuuu uuuu
COMO COMO COMO COMO COMO COMO COMO COMO
113h | LCDDATA3 SEG7 SEG6 SEG5 SEG4 SEG3 SEG2 SEG1 SEGO XXXX XXXX [uuuu uuuu
CcoM1 coM1 comM1 comM1 comM1 comM1 comM1 CcoM1
114h | LCDDATA4 SEG15 SEG14 SEG13 SEG12 SEG11 SEG10 SEG9 SEG8 | xxxx XXXX |uuuu uuuu
CcoM1 comM1 comM1 CcoM1 comM1 coM1 comM1 CoM1
115h | LCDDATA5(®) SEG23 SEG22 SEG21 SEG20 SEG19 SEG18 SEG17 SEG16 |xxxx XXXX |uuuu uuuu
CoM1 Ccom1 CcoMm1 Ccom1 CcoMm1 CcoMm1 CcoMm1 COoM1
116h | LCDDATA6 SEG7 SEG6 SEG5 SEG4 SEG3 SEG2 SEG1 SEGO XXXX XXXX [uuuu uuuu
Ccom2 com2 com2 com2 Ccom2 com2 com2 Ccom2
117h | LCDDATA7 SEG15 SEG14 SEG13 SEG12 SEG11 SEG10 SEG9 SEG8 | xxxx XXXX |uuuu uuuu
Ccom2 com2 com2 com2 Ccom2 com2 com2 ComM2
118h | LCDDATAS®) SEG23 SEG22 SEG21 SEG20 SEG19 SEG18 SEG17 SEG16 |xxxx XXXX |uuuu uuuu
COom2 COMm2 COomM2 COomM2 Ccom2 Ccom2 COmM2 COoMmM2
119h | LCDDATA9 SEG7 SEG6 SEG5 SEG4 SEG3 SEG2 SEG1 SEGO XXXX XXXX [uuuu uuuu
COmM3 ComM3 COomM3 COomM3 COM3 COomM3 COomM3 COM3
11Ah | LCDDATA10 SEG15 SEG14 SEG13 SEG12 SEG11 SEG10 SEG9 SEG8 | xxxx XXXX |uuuu uuuu
COmM3 COomM3 ComM3 COomM3 COmM3 COM3 ComM3 COM3
11Bh | LCDDATALL®? | SEG23 SEG22 SEG21 SEG20 SEG19 SEG18 SEG17 SEG16 |xxxx XXXX |uuuu uuuu
COM3 COM3 COM3 COM3 COM3 COM3 COM3 COM3
11Ch | LCDSEO® SE7 SE6 SE5 SE4 SE3 SE2 SE1 SEO | 0000 0000 |uuuu uuuu
11Dh | LCDSE1®) SE15 SE14 SE13 SE12 SE11 SE10 SE9 SES8 0000 0000 [ uuuu uuuu
11Eh | LCDSE2(:3) SE23 SE22 SE21 SE20 SE19 SE18 SE17 SE16 | 0000 0000 |uuuu uuuu
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 only.

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

© 2005 Microchip Technology Inc.
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TABLE 2-4: PIC16F917/916/914/913 SPECIAL FUNCTION REGISTERS SUMMARY BANK 3

Value on Value on
Addr Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR/BOR all other
Reset Resets®)
Bank 3
180h INDF Addressing this location uses contents of FSR to address data memory (not a physical XXXX XXXX | XXXX XXXX
register)
181h  |OPTION_REG| RBPU | INTEDG | Tocs | Tose | pPsa | ps2 | pst | pPso |a2111 1111 1111 1111
182h PCL Program Counter (PC) Least Significant Byte 0000 0000 | 0000 0000
183h | STATUS rRp [ rra | R0 | To | P0 | z | bc | ¢ 0001 Lxxx | 000g quuu
184h FSR Indirect Data Memory Address Pointer XXXX XXXX | uuuu uuuu
185h — Unimplemented — —
186h TRISB TRISB7 | TRISB6 | TRISB5 | TRISB4 | TRISB3 | TRISB2 | TRISB1 | TRISBO | 1111 1111 | 1111 1111
187h — Unimplemented — -
188h — Unimplemented — —
189h — Unimplemented — —
18Ah PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter | ---0 0000 [ ---0 0000
18Bh INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000x
18Ch EECON1 EEPGD — — — WRERR WREN WR RD 0--- x000 [ 0--- g000
18Dh EECON2 EEPROM Control Register 2 (not a physical register) | oo —ooo | oo —oo-
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.
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2.2.2.1 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
writable. Therefore, the result of an instruction with the
Status register as destination may be different than
intended.

REGISTER 2-1:

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 hits (see Section 17.0 “Instruction Set
Summary”).

Note 1: The C and DC bits operate as a Borrow
and Digit Borrow out bit, respectively, in
subtraction. See the SUBLW and SUBWF
instructions for examples.

STATUS — STATUS REGISTER (ADDRESS: 03h, 83h, 103h OR 183h)
RWO RW-0 RWO Rl R-1 RW-X  RMW-x  RMW-X
IRP RPL | RPO | TO | P0 | z | bc | c

bit 7

bit 0

bit 7 IRP: Register Bank Select bit (used for indirect addressing)

1 = Bank 2, 3 (100h-1FFh)
0 = Bank 0, 1 (00h-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 ﬁ: Time-out bit

1 = After power-up, CLRWDT instruction or SLEEP instruction

0 = AWDT 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 0 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 or low-order bit of the source register.

Legend:
R = Readable bit
- n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bitis cleared X = Bit is unknown

© 2005 Microchip Technology Inc.
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2.2.2.2 Option Register

The Option register is a readable and writable register, Mol

which contains various control bits to configure:
 TMRO/WDT prescaler

To achieve a 1:1 prescaler assignment for
TMRO, assign the prescaler to the WDT by
setting PSA bitto ‘1’ (OPTION_REG<3>).
See Section 5.4 “Prescaler”.

« External RBO/INT interrupt
* TMRO
« Weak pull-ups on PORTB

REGISTER 2-2: OPTION_REG — OPTION REGISTER (ADDRESS: 81h OR 181h)

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
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 RBO/INT/SEGO pin
0 = Interrupt on falling edge of RBO/INT/SEGO pin

bit 5 TOCS: TMRO Clock Source Select bit

1 = Transition on RA4/C10OUT/TOCKI/SEG4 pin
0 = Internal instruction cycle clock (CLKO)

bit 4 TOSE: TMRO Source Edge Select bit

1 = Increment on high-to-low transition on RA4/C1OUT/TOCKI/SEG4 pin
0 = Increment on low-to-high transition on RA4/C1OUT/TOCKI/SEG4 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 TMRO 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
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
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2.2.2.3 INTCON Register

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.

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 (INTCON<7>). User
software should ensure the appropriate
interrupt flag bits are clear prior to
enabling an interrupt.

REGISTER 2-3: INTCON — INTERRUPT CONTROL REGISTER (ADDRESS: 0Bh, 8Bh, 10Bh OR

18Bh)
RW-0  RMW-0 RW-0  RMW-0 RW-0  RW-O RWO  RWX
| GE | PEE | TOE INTE | RBEE | TOF INTF RBIF
bit 7 bit 0
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: TMRO Overflow Interrupt Enable bit

1 = Enables the TMRO interrupt
0 = Disables the TMRO interrupt

bit 4 INTE: RBO/INT/SEGO External Interrupt Enable bit

1 = Enables the RBO/INT/SEGO external interrupt
0 = Disables the RBO/INT/SEFO 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: TMRO 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/SEGO External Interrupt Flag bit

1 = The RBO/INT/SEGO external interrupt occurred (must be cleared in software)
0 = The RBO/INT/SEGO external interrupt did not occur

bit 0 RBIF: PORTB Change Interrupt Flag bit

1 = When at least one of the PORTB <5:0> pins changed state (must be cleared in software)
0 = None of the PORTB <7:4> pins have changed state

Note 1: IOCB register must also be enabled.

2. TOIF bit is set when TimerO rolls over. Timer0 is unchanged on Reset and should
be initialized before clearing TOIF bit.

Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared X = Bit is unknown
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2.2.2.4 PIE1 Register

The PIE1 register contains the interrupt enable bits, as Note:  Bit PEIE (INTCON<6>) must be set to
shown in Register 2-1. enable any peripheral interrupt.

REGISTER 2-4: PIE1 — PERIPHERAL INTERRUPT ENABLE REGISTER 1 (ADDRESS: 8Ch)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
EEE | ADIE | RCEE | TXE SSPIE | CCPLIE | TMR2IE | TMRLIE |
bit 7 bit 0
bit 7 EEIE: EE Write Complete Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 6 ADIE: A/D Converter Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 5 RCIE: USART Receive Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 4 TXIE: USART Transmit Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 3 SSPIE: Synchronous Serial Port (SSP) Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 2 CCP1IE: CCP1 Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 1 TMR2IE: TMR2 to PR2 Match Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 0 TMRI1IE: TMR1 Overflow Interrupt Enable bit
1 = Enabled
0 = Disabled
Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared X = Bitis unknown
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2.2.25 PIE2 Register

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

Note:

Bit PEIE (INTCON<6>) must be set to
enable any peripheral interrupt.

REGISTER 2-5: PIE2 — PERIPHERAL INTERRUPT ENABLE REGISTER 2 (ADDRESS: 8Dh)

bit 7

bit 6

bit 5

bit 4

bit 3
bit 2

bit 1
bit 0

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

u-0 R/W-0

OSFIE | C2E | CLE | LCDIE — | DE |

— | ccp2iE |

bit 7

OSFIE: Oscillator Fail Interrupt Enable bit
1 = Enabled

0 = Disabled

C2IE: Comparator 2 Interrupt Enable bit

1 = Enables Comparator 2 interrupt
0 = Disables Comparator 2 interrupt

C1IE: Comparator 1 Interrupt Enable bit
1 = Enables Comparator 1 interrupt
0 = Disables Comparator 1 interrupt
LCDIE: LCD Module Interrupt Enable bit

1 = LCD interrupt is enabled
0 = LCD interrupt is disabled

Unimplemented: Read as ‘0’
LVDIE: Low Voltage Detect Interrupt Enable bit

1 = Enables LVD Interrupt
0 = Disables LVD Interrupt

Unimplemented: Read as ‘0’
CCP2IE: CCP2 Interrupt Enable bit (only available in 16F914/917)

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

bit 0

Legend:

R = Readable hit 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

© 2005 Microchip Technology Inc. Prelimin ary
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2.2.2.6 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.

REGISTER 2-6:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

condition occurs, regardless of the state of
its corresponding enable bit or the global
enable bit, GIE (INTCON<7>). User
software should ensure the appropriate
interrupt flag bits are clear prior to enabling
an interrupt.

PIR1 - PERIPHERAL INTERRUPT REQUEST REGISTER 1 (ADDRESS: 0Ch)

RWO RW-0 RO R-0 RW-O  RMWO RW-0  RMW-0
EEF | ADIF | RCIF | TXIF | SSPIF | CCPlF | TMR2IF | TMRILIF |
bit 7 bit 0

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

ADIF: A/D Converter Interrupt Flag bit

1 = The A/D conversion completed (must be cleared in software)

0 = The A/D conversion is not complete

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

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

SSPIF: Synchronous Serial Port (SSP) Interrupt Flag bit

1 = The Transmission/Reception is complete (must be cleared in software)
0 = Waiting to Transmit/Receive

CCP1IF: CCPL1 Interrupt Flag bit

Capture Mode

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

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

PWM mode
Unused in this mode
TMR2IF: TMR2 to PR2 Interrupt Flag bit

1= A TMR2 to PR2 match occurred (must be cleared in software)
0 = No TMR2 to PR2 match occurred

TMR1IF: TMR1 Overflow Interrupt Flag bit

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

Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared X = Bitis unknown
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2.2.2.7 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 (INTCON<7>). 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 (ADDRESS: 0Dh)

RW-0  RW-0 RO R-0 U-0 RW-0 U0 RIW-0
OSFIF | c2FF cuF [ tecoF | — [ woF | — | ccpaF |
bit 7 bit 0

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 2 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 1 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 0 CCP2IF: CCP2 Interrupt Flag bit (only available in 16F914/917)
Capture Mode

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

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

PWM mode
Unused in this mode

Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared X = Bitis unknown
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2.2.2.8 PCON Register

The Power Control (PCON) register (See Table 17-2)
contains flag bits to differentiate between a:

* Power-on Reset (POR)

* Brown-out Reset (BOR)

e 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 (ADDRESS: 8Eh)

U-0 u-0 U-0 R/W-1 U-0 U-0 R/W-0 R/W-x
— — — \ SBOREN \ — \ — | POR BOR
bit 7 bit 0
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

0 = A Power-on Reset occurred (must be set in software after a Power-on Reset occurs)
bit 0 BOR: Brown-out Reset Status bit

1 = No Brown-out Reset occurred
0 = A Brown-out Reset occurred (must be set in software after a Brown-out Reset occurs)

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

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
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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 2-5
shows the two situations for the loading of the PC. The
upper example in Figure 2-5 shows how the PC is
loaded on a write to PCL (PCLATH<4:0> — PCH).
The lower example in Figure 2-5 shows how the PC is
loaded during a CALL or GOTO instruction
(PCLATH<4:3> — PCH).

FIGURE 2-5: LOADING OF PC IN
DIFFERENT SITUATIONS
PCH PCL
Instruction with
12 8 7 0 PCL as
PC | § | Destination
PCLATH<4:0> 8
SL‘ ALU Result
LTI
PCLATH
PCH PCL
12 11 10 8 7 0
PC | | i | coro, cart
E PCLATH<4:3> 11
2 OPCODE<10:0>
LIT T TTT]
PCLATH

23.1 COMPUTED GOTO

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”
(DS005586).

23.2 STACK

The PIC16F917/916/914/913 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.

2.4 Program Memory Paging

All PIC16F917/916/914/913 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 pro-
gram 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
(or interrupt) is executed, the entire 13-bit PC is POPed
off the stack. Therefore, manipulation of the
PCLATH<4:3> hits 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 0x500

BCF PCLATH, 4

BSF PCLATH, 3 ;Select page 1
; (800h-FFFh)

CALL SUB1_P1 ;Call subroutine in
;page 1 (800h-FFFh)

ORG 0x900 ;page 1 (800h-FFFh)

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

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

© 2005 Microchip Technology Inc.
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2.5 Indirect Addressing, INDF and

FSR Registers

The INDF register is not a physical register. Addressing
the INDF register will cause indirect addressing.

Indirect addressing is possible by using the INDF
register. Any instruction using the INDF register
actually accesses data pointed to by the File Select
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
(STATUS<7>), as shown in Figure 2-6.

A simple program to clear RAM location 20h-2Fh using
indirect addressing is shown in Example 2-2.

EXAMPLE 2-2: INDIRECT ADDRESSING
MOVLW 0x20 ;initialize pointer
MOVWF FSR ;to RAM

NEXTCLRF INDF ;clear INDF register
INCF FSR ;inc pointer
BTFSS FSR, 4 ;all done?

GOTO NEXT ;no clear next

CONTINUE ;yes continue

FIGURE 2-6: DIRECT/INDIRECT ADDRESSING PIC16F917/916/914/913
Direct Addressing Indirect Addressing
RP1 RPO 6 From Opcode 0 IRP 7 File Select Register 0
N J Vv J k 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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3.0 /O PORTS

This device includes four 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

PORTA, PORTB, PORTC and RE3/MCLR/VPP are
implemented on all devices. PORTD and RE<2:0> are
implemented only on the PIC16F914 and PIC16F917.

3.1 PORTA and TRISA Registers

PORTA is a 8-bit wide, bidirectional port. The
corresponding data direction register is TRISA
(Register 3-2). 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 I/O’s. This is
done by writing the appropriate values to the CMCONO
and ANSEL registers (see Example 3-1).

Reading the PORTA register (Register 3-1) reads the
status of the pins, whereas writing to it will write to the
port latch. All write operations are read-modify-write
operations. Therefore, a write to a port implies that the
port pins are read, this value is modified and then written
to the port data latch.

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. /0 pins configured as analog input always read

‘0.
Note 1: The CMCONO (9Ch) register must be
initialized to configure an analog channel

as a digital input. Pins configured as
analog inputs will read ‘0’.

2. Analog lines that carry LCD signals

(i.e., SEGx, COMy, where x and y are
segment and common identifiers) are
shown as direct connections to the device
pins. The signals are outputs from the
LCD module and may be tri-stated,
depending on the configuration of the
LCD module.

EXAMPLE 3-1: INITIALIZING PORTA
BCF STATUS, RPO ;Bank 0
BCF STATUS, RP1 ;
CLRF PORTA ;Init PORTA
BSF STATUS, RPO ;Bank 1
BCF STATUS, RP1 ;
MOVLW 07h ;Set RA<2:0> to
MOVWF CMCONO ;digital I/0
CLF ANSEL ;Make all PORTA I/O
MOVLW FOh ;Set RA<7:4> as inputg
MOVWF TRISA ;and set RA<3:0>

; as outputs
BCF STATUS, RPO ;Bank 0
BCF STATUS, RP1 ;

© 2005 Microchip Technology Inc. Preliminary
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REGISTER 3-1: PORTA — PORTA REGISTER (ADDRESS: 05h)
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 RAG RA5 | RA4 | RA3 | RA2 RAL RAO

bit 7 bit 0

bit 7-0 RA<7:0>: PORTA /O Pin bits
1 = Port pin is >VIH
0 = Port pin is <VIL

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

REGISTER 3-2: TRISA — PORTA TRI-STATE REGISTER (ADDRESS: 85h)
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 | TRISA5 | TRISA4 | TRISA3 ‘ TRISA2 | TRISA1 | TRISAO
bit 7 bit 0

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:  TRISA<7:6> always reads ‘1’ in XT, HS and LP OSC modes.

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
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3.1.1 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.

3111 RAO/ANO/C1-/SEG12

Figure 3-1 shows the diagram for this pin. The
RAO/ANO/C1-/SEG12 pin is configurable to function as
one of the following:

» ageneral purpose I/O

» an analog input for the A/D

 an analog input for Comparator 1

< an analog output for the LCD

FIGURE 3-1: BLOCK DIAGRAM OF RAO/ANO/C1-/SEG12

Data Bus

|

D

Q L
= VDD

4t CK™_Q %

WR PORTA

Data Latch

D Q @

I/0 Pin

WR TRISA —

—P CK™Q

TRIS Latch

Analog Input or

\I\ @ SE12 and LCDEN
TTL

RD TRISA SE12 and LCDEN Input Buffer

RD PORTA

SE12 and LCDEN - - - -

SEG12 o

To A/D Converter or Comparator

A
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3.1.1.2 RA1/AN1/C2-/SEG7

Figure 3-2 shows the diagram for this pin. The
RA1/AN1/C2-/SEGT7 pin is configurable to function as
one of the following:

« ageneral purpose I/O

< an analog input for the A/D

« an analog input for Comparator 2

 an analog output for the LCD

FIGURE 3-2: BLOCK DIAGRAM OF RA1/AN1/C2-/SEG7
Data B
ata Bus D Q {/O/
WR PORTA —
At CK™_Q Vbb
Data Latch
¢+— D Q %
I/0 Pin
WR TRISA | CK™_T
TRIS Latch
Analog Input or
ﬁ\ ¢ SE7 and LCDEN
TTL
RD TRISA SE7 and LCDEN Input Buffer
RD PORTA
SEG7 SE7 and LCDEN - - - - ;
- To A/ID Converter or Comparator

DS41250D-page 34 Preliminary

© 2005 Microchip Technology Inc.




PIC16F917/916/914/913

3.1.13 RA2/AN2/C2+/VREF-/ICOM2

Figure 3-3 shows the diagram for this pin. The
RA2/AN2/C2+/VREF-/COM2 pin is configurable to
function as one of the following:

a general purpose 1/0

an analog input for the A/D

an analog input for Comparator 2

a voltage reference input for the A/D
an analog output for the LCD

FIGURE 3-3: BLOCK DIAGRAM OF RA2/AN2/C2+/VREF-/COM2

Data Bus

o 0 {/0/
E CK_0O VDD

Data Latch

WR PORTA

+— D Q

10(“&6

TRIS Latch Analog Input or

LCDEN and
q LMUX<1:0> =1X

RD TRISA LCDEN and TTL
LMUX<1:0> = 1X Input Buffer

WR TRISA

X

1/0 Pin

RD PORTA

LCDEN and

COM2 LMUX<1:0> = 1X O//

O

___To A/D Converter or Comparator

-

___To A/ID Module VREF- Input

€

© 2005 Microchip Technology Inc. Preliminary

DS41250D-page 35



PIC16F917/916/914/913

3.1.14 RAS3/AN3/C1+/VREF+/COM3/SEG15

Figure 3-4 shows the diagram for this pin. The
RA3/AN3/C1+/VREF+/COM3/SEG15 pin is
configurable to function as one of the following:

« ageneral purpose input

< an analog input for the A/D

e an analog input from Comparator 1

 avoltage reference input for the A/D

« analog outputs for the LCD

FIGURE 3-4: BLOCK DIAGRAM OF RA3/AN3/C1+/VREF+/COM3/SEG15
DataBus [ o L/
VDD
WR PORTA | CK 6
Data Latch &
¢+ D Q /0 Pin
WR TRISA CK~_Q wis
TRIS Latch Analog Input or
) ? LCDMODE_EN®@

RD TRISA | LCDMODE_EN® |npuTtT3|hffer
RD PORTA

) LCDMODE_EN®. _ _.
com3® or SEG15 o o

To A/D Converter or Comparator

A

To A/D Module VREF+ Input

A

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, the LCDMODE_EN = LCDEN and SE15.
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3.1.15 RA4/C10UT/TOCKI/SEG4

Figure 3-5 shows the diagram for this pin. The
RA4/C1OUT/TOCKI/SEG4 pin is configurable to
function as one of the following:

« ageneral purpose I/O

 adigital output from Comparator 1

 aclock input for TMRO

 an analog output for the LCD

FIGURE 3-5: BLOCK DIAGRAM OF RA4/C1OUT/TOCKI/SEG4

CM<2:0>=1100r 101

C10UT ;L

Data Bus

D Q 0

10@&6

VDD
WR PORTA

Data Latch

— D Q

WR TRISA p ckXD Vss

TRIS Latch

X

1/0 Pin

Analog Input or

\’\ . SE4 and LCDEN

TTL
RD TRISA SE4 and LCDEN Input Buffer

RD PORTA

SE4 and LCDEN
TOCKI gf Sghmltt
Trigger

SE4 and LCDEN - - - -

SEG4 O/O
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3.1.16 RAB/AN4/C20UT/SS/ISEG5

Figure 3-6 shows the diagram for this pin. The
RA5/AN4/C20UT/SS/SEG5 pin is configurable to
function as one of the following:

« ageneral purpose I/O

 adigital output from Comparator 2

» aslave select input

 an analog output for the LCD

 an analog input for the A/D

FIGURE 3-6: BLOCK DIAGRAM OF RA5/AN4/C20UT/SS/SEG5

CM<2:0>=1100r101

C20UT A
Data Bus - ] —
———— 0
WR PORTA
>
®
WR TRISA
=
*——
Analog Input or
. SE5 and LCDEN
| TTL
RD TRISA | SE5 and LCDEN Input Buffer
RD PORTA
To SS Input
SEG5
- AN4
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3.1.1.7 RAG6/0SC2/CLKO/T10SO

Figure 3-7 shows the diagram for this pin. The
RA6/0OSC2/CLKO/T10SO pin is configurable to
function as one of the following:

« ageneral purpose I/O

 a crystal/resonator connection

 a clock output

* a TMR1 oscillator connection

FIGURE 3-7: BLOCK DIAGRAM OF RA6/0SC2/CLKO/T10S0O
From OSC1 | Oscillator
Fosc = 1x1 Circuit
CLKO (Fosc/4) 11
Data Bus D Q 0
VDD
WR PORTA l CKK@
Data Latch @
oD Qh RA6/0SC2/
CLKO/T10SO
Pin
WR TRISA b K ~3 Vss
TRIS Laich Fosc = 00x, 010
Fosc = 00x, 010 or TLOSCEN
or TLOSCEN
y ,@7 TTL
Input Buffer
RD TRISA
RD PORTA
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3.1.1.8 RA7/0SC1/CLKI/T10SI

Figure 3-8 shows the diagram for this pin. The
RA7/OSC1/CLKI/T10SI pin is configurable to function
as one of the following:

« ageneral purpose I/O
 a crystal/resonator connection

« aclock input

* a TMR1 oscillator connection

FIGURE 3-8: BLOCK DIAGRAM OF RA7/0SC1/CLKI/T10SI
From OSC1 | Oscillator
Circuit
| Fosc =011
Data Bus D Q
WR PORTA —
— P CKQ
VDD
Data Latch %
L5 X
Q RA7/0SC1/
WR TRISA CLKI/T10SI
CK\_Q|— Pin
Fosc=1
Fosc = 10x | TRIS Latch 0SC = 10x
TTL
L] Input Buffer
RD TRISA
RD PORTA
TABLE 3-1: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA
value on: Value on all
Address | Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 i other
POR, BOR
Resets
05h PORTA RA7 RA6 RA5 RA4 RA3 RA2 RA1 RAO XXXX XXXX | uuuu uuuu
10h T1CON T1GINV T1GE |T1CKPS1 | TICKPSO | TLOSCEN | TISYNC | TMR1CS | TMR1ON | 0000 0000 |[uuuu uuuu
14h SSPCON WCOL | SSPOV | SSPEN CKP SSPM3 SSPM2 SSPM1 SSPMO | 0000 0000 [ 0000 0000
1Fh ADCONO ADFM VCFG1 VCFGO CHS2 CHS1 CHSO |GO/DONE | ADON 0000 0000 [ 0000 0000
81h/181h | OPTION_REG | RBPU INTEDG TOCS TOSE PSA PS2 PS1 PSO 1111 1111 (1111 1111
85h TRISA TRISA7 | TRISA6 TRISAS TRISA4 TRISA3 TRISA2 TRISAL TRISAO 1111 1111 (1111 1111
91h ANSEL ANS7 ANS6 ANS5 ANS4 ANS3 ANS2 ANS1 ANSO 1111 1111 ({1111 1111
9Ch CMCONO C20UT | CciouT C2INV C1INV CIS CcMm2 CM1 CMO 0000 0000 | 0000 0000
107h LCDCON LCDEN | SLPEN WERR VLCDEN CS1 CSO LMUX1 LMUXO | 0001 0011 | 0001 0011
11Ch Lcpseo® SE7 SE6 SE5 SE4 SE3 SE2 SE1 SEO | 0000 0000 |uuuu uuuu
11Dh LcDpseE1® SE15 SE14 SE13 SE12 SE11 SE10 SE9 SE8 0000 0000 [uuuu uuuu
Legend: x = unknown, u = unchanged, - = unimplemented locations read as ‘'0’. Shaded cells are not used by PORTA.

Note 1: This register is only initialized by a POR or BOR reset and is unchanged by other Resets.
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3.2 PORTB and TRISB Registers

PORTB is a general purpose I/O port with similar
functionality as the PIC16F77. 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.

Note:  Analog lines that carry LCD signals
(i.e., SEGx, COMy, where x and y are seg-
ment and common identifiers) are shown
as direct connections to the device pins.
The signals are outputs from the LCD
module and may be tri-stated, depending
on the configuration of the LCD module.

EXAMPLE 3-2: INITIALIZING PORTB
BCF STATUS,RPO ;Bank 0

BCF STATUS,RP1 ;

CLRF  PORTB ;Init PORTB

BSF STATUS,RPO ;Bank 1

BCF STATUS,RP1 ;

MOVLW FFh ;Set RB<7:0> as inputs
MOVWF TRISB ;

BCF STATUS,RPO ;Bank 0

BCF STATUS,RP1 ;

3.3 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.

3.3.1 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 3-6. 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 (OPTION_REG<7>).

3.3.2 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 3-5. 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.

© 2005 Microchip Technology Inc.
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REGISTER 3-3: PORTB — PORTB REGISTER (ADDRESS: 06h OR 106h)
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 | RBIL RBO

bit 7 bit 0

bit 7-0 RB<7:0>: PORTB I/O Pin bits
1 = Port pin is >VIH
0 = Port pin is <VIL

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

REGISTER 3-4: TRISB — PORTB TRI-STATE REGISTER (ADDRESS: 86h, 186h)
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
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

Note:  TRISB<7:6> always reads ‘1’ in XT, HS and LP OSC modes.

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

REGISTER 3-5: IOCB — PORTB INTERRUPT-ON-CHANGE REGISTER (ADDRESS: 96h)

RW-0  RMW-0  RMW-0  RMW-0 U-0 U-0 U-0 U-0
locB7 | 10cB6 | 10CB5 | 10CB4 -
bit 7 bit 0
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’
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
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REGISTER 3-6: WPUB — WEAK PULL-UP REGISTER (ADDRESS: 95h)
RIW-1 RIW-1 RIW-1 RIW-1 RIW-1 RIW-1 RIW-1 RIW-1
WPUB7 | WPUB6 | WPUB5 | WPUB4 | WPUB3 | WPUB2 | WPUBL | WPUBO

bit 7 bit 0
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
(TRISB<7:0> = 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
© 2005 Microchip Technology Inc. Prelimin ary DS41250D-page 43



PIC16F917/916/914/913

3.3.3 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.

3.3.3.1 RBO/INT/SEGO

Figure 3-9 shows the diagram for this pin. The
RBO/INT/SEGO 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

3.3.3.2 RB1/SEG1

Figure 3-9 shows the diagram for this pin. The
RB1/SEGL1 pin is configurable to function as one of the
following:

* ageneral purpose I/O

< an analog output for the LCD

3.3.33 RB2/SEG2

Figure 3-9 shows the diagram for this pin. The
RB2/SEG2 pin is configurable to function as one of the
following:

« ageneral purpose I/O

« an analog output for the LCD

3.3.34 RB3/SEG3

Figure 3-9 shows the diagram for this pin. The
RB3/SEG3 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 3-9: BLOCK DIAGRAM OF RB<3:0>

RBPUW

SE<3:0> VDD

Data Bus D

WR PORTB
—4t CK™_

Data Latch

Q

Lg )c 5 Weak VDD

Pull-up %

o— D

WR TRISB

—tCKK

TRIS Latch

‘%_

Q

7

RD TRISB

SE<3:0> and LCDEN

TTL
Input Buffer

RD PORTB

SEG<3:0>

SE<3:0>and LCDEN - - -;
o

INT®

SEO and LCDEN
}/j Schmitt

= Trigger

Note 1: To enable weak pull-ups, set the appropriate TRIS bit(s) and clear the RBPU bit.
2. RBO only.

X

1/0 Pin
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3.3.35 RB4/COMO

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

« ageneral purpose I/O

< an analog output for the LCD

FIGURE 3-10: BLOCK DIAGRAM OF RB4/COMO
LCDEN VDD
RBPUM g 5 Weak VDD
Pull-up %
Data Bus D 0 | iX|
1/0 Pin
WR PORTB | CK~_ %
Data Latch
— D Q
WR TRISB | CK L
TRIS Latch
LCDEN
L
TTL
Input Buffer
RD TRISB
RD PORTB Q D
Set RBIF EN RD PORTB
A@CF LCDEN
From other G Q D
<7:4> pi
RB<7:4> pins EN Fosc/a
COMO LCDEN - - - :
o o
Note 1. To enable weak pull-ups, set the appropriate TRIS bit(s) and clear the RBPU bit.
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3.3.3.6 RB5/COM1

Figure 3-11 shows the diagram for this pin. The

RB5/COM1 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/COM1
LCDEN and LMUX<1:0> # 00 \/DD
RBPUW LOO g Weak VDD
Pull-up %
Data Bus | [ Q | Xl
1/0 Pin
WR PORTB | CK L ZIS
Data Latch
+— D Q
WR TRISB CK L
TRIS Latch .
LCDEN and LMUX<1:0># 00

) TTL
Input Buffer

RD TRISB

\y\ Q D
RD PORTB EN Fosc/4
Set RBIF LCDEN and
LMUX<1:0># 00
From other < O; Q D RD PORTB
RB<7:4> pins |
EN

LCDEN and LMUX<1:0># 00 ---.
COM1 '

oo

Note 1: To enable weak pull-ups, set the appropriate TRIS bit(s) and clear the RBPU bit.
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3.3.3.7 RB6/ICSPCLK/ICDCK/SEG14

Figure 3-12 shows the diagram for this pin. The
RB6/ICSPCLK/ICDCK/SEG14 pin is configurable to
function as one of the following:

« ageneral purpose I/O

 an In-Circuit Serial Programming™ clock

* an ICD clock I/O

 an analog output for the LCD

FIGURE 3-12: BLOCK DIAGRAM OF RB6/ICSPCLK/ICDCK/SEG14

Program Mode/ICD /DD

RBPUY —
p Weak
SE14 and LCDEN J Pull-up vpp

Data Bus | ;l;‘

D °

Q A X’
I/O Pin
WR PORTB
O——t CK™_
Data Latch
+— D Q
WR TRISB | CK
TRIS Latch TTL
Input Buffer |
»—§ SE14 and LCDEN X
RD TRISB
\'\ —1 Q D

RD PORTB EN RD PORTB
Set RBIF
@C? Program Mode/ICD
From other G; Q D
RB<7:4> pins

EN — Fosc/4

SE14 and LCDEN

PGC l/\/ Schmitt
= Trigger Buffer
SE14 and LCDEN - - - )

SEG14 s

Note 1: To enable weak pull-ups, set the appropriate TRIS bit(s) and clear the RBPU bit.
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3.3.3.8 RB7/ICSPDAT/ICDDAT/SEG13

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

« ageneral purpose I/O

 an In-Circuit Serial Programming™ 1/O

* an ICD data I/O

 an analog output for the LCD

FIGURE 3-13: BLOCK DIAGRAM OF RB7/ICSPDAT/ICDDAT/SEG13

PORT/Program Mode/ICD

_ VDD
RBPUW 9
SE13 and LCDEN 9 = Weak
—9 Pull-up
VDD
Data Bus D Q ||/( %I;
WR PORTB
TRk %S
Data Latch
— D Q—e
WR TRISB | CK L
TRIS Latch

TTL

o ﬂ \ Input Buffer

RD TRISB SE13 and LCDEN

e I

RD PORTB EN —7— RD PORTB

Set RBIF

EN —— Fosc/4

Schmitt

Trigger Buffer

Note 1: To eak pull-ups, set the appropriate TRIS bit(s) and clear the RBPU bit.

1/0 Pin

Preliminary DS41250D-page 49



PIC16F917/916/914/913

TABLE 3-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB

Value on: Value on all
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 i other

POR, BOR

Resets

06h/106h PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO XXXX XXXX | uuuu uuuu
86h/186h TRISB TRISB7 | TRISB6 TRISB5 TRISB4 TRISB3 | TRISB2 | TRISB1 | TRISBO | 1111 1111|1111 1111
0Bh/8Bh/ INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000x
10Bh/18Bh
95h WPUB WPUB7 | WPUB6 | WPUB5 WPUB4 | WPUB3 | WPUB2 | WPUB1 | WPUBO | 1111 1111|1111 1111
96h 10CB 10CB7 10CB6 10CB5 10CB4 — — — — 0000 ----[0000 ----
107h LCDCON LCDEN | SLPEN WERR VLCDEN Cs1 CS0 LMUX1 LMUXO | 0001 0011 [ 0001 0011
11Ch LcDSE0® SE7 SE6 SE5 SE4 SE3 SE2 SE1 SEO | 0000 0000 | uuuu uuuu
11Dh LCDSE1® SE15 SE14 SE13 SE12 SE11 SE10 SE9 SE8 | 0000 0000 | uuuu uuuu
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.
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3.4 PORTC and TRISC Registers EXAMPLE 3-3: INITIALIZING PORTC
PORTC is an 8-hit bidirectional port. PORTC is BCF STATUS,RPO  ;Bank 0
multiplexed with several peripheral functions. PORTC BCF STATUS,RP1 ;
ins have Schmitt Trigger input buffers CLRE  PORTC jInit PORTC
pins : BSF STATUS,RPO ;Bank 1
All PORTC pins have latch bits (PORTC register). BCF STATUS,RP1 ;
They, when written, will modify the contents of the MOVLW  FFh ;Set RC<7:0> as inputs
PORTC latch; thus, modifying the value driven out on MOVWF  TRISC i
a pin if the corresponding TRISC bit is configured for BCF STATUS,RPO  ;Bank 2
output BSF STATUS,RP1 ;
' CLRF LCDCON ;Disable VLCD<3:1>
Note:  Analog lines that carry LCD signals iinputs on RC<2:0>
(i.e., SEGx, VLCDy, where x and y are BCF STATUS,RPO ;Bank 0
segment and LCD bias voltage identifiers) BCF STATUS,RP1 ;
are shown as direct connections to the
device pins. The signals are outputs from
the LCD module and may be tri-stated,
depending on the configuration of the LCD
module.
REGISTER 3-7: PORTC — PORTC REGISTER (ADDRESS: 07h)
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 | Rc4a | RC3 | ReC2 RC1 RCO
bit 7 bit 0
bit 7-0 RC<7:0>: PORTC I/O Pin bits
1 = Port pin is >VIH
0 = Port pin is <VIL
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
REGISTER 3-8: TRISC — PORTC TRI-STATE REGISTER (ADDRESS: 87h)
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 TRISCS5 | TRISC4 | TRISC3 ‘ TRISC2 | TRISC1 TRISCO
bit 7 bit 0
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

Note: TRISC<7:6> always reads ‘1’ in XT, HS and LP OSC modes.

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
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FIGURE 3-15:

BLOCK DIAGRAM OF RC1/VLCD2

Data Bus

D Q

WR PORTC

VDD

CK~_Q

WR TRISC

Data Latch
*— D Q

CK~_Q

VLCD2

TRIS Latch

(VLCDEN and LMUX<1:0> # 00)
RD TRISC \

Schmitt
Trigger

RD PORTC

(VLCDEN and LMUX<1:0># 00) - - - -

oo

]
i

B

RC1/VLCD2
Pin

FIGURE 3-16:

BLOCK DIAGRAM OF RC2/VLCD3

Data Bus

D Q

WR PORTC

VDD

CK~_Q

WR TRISC

Data Latch
— D Q

CK~_Q

VLCD3

TRIS Latch

L
: VLCDEN

RD TRISC N

Schmitt
Trigger

RD PORTC

VLCDEN - ---

oo

]
i

p

RC2/VLCD3
Pin
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3.4.14 RC3/SEG6

Figure 3-17 shows the diagram for this pin. The
RC3/SEGS6 pin is configurable to function as one of the
following:

« ageneral purpose I/O

< an analog output for the LCD

FIGURE 3-17: BLOCK DIAGRAM OF RC3/SEG6
VDD
Data Bus D Q
WR PORTC CK&@ %
Data Latch Z} R_C3/SEGG
Pin
—D Q—
WR TRISC CK&@
TRIS Latch
L
SE6 and LCDEN
RD TRISC N
| Schmitt
Trigger
RD PORTC
SE6 and LCDEN - - - -
SEG6 and LCDEN '
oo
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3.4.15 RC4/T1G/SDO/SEG11

Figure 3-18 shows the diagram for this pin. The
RC4//T1G/SDO/SEG11pin is configurable to function
as one of the following:

« ageneral purpose I/O

« a TMR1 gate input

» aserial data output

 an analog output for the LCD

FIGURE 3-18: BLOCK DIAGRAM OF RC4/T1G/SDO/SEG11

PORT/SDO Select

SDO

Data Bus D Q

VDD
WR PORTC

CK™_Q
Data Latch

X

e D Qh RC4/T1G/
SDO/SEG11
Pin

>

TRIS Latch
0—<]—o
RD TRISC ;

SE11 and LCDEN
Schmitt N
Trigger

RD PORTC

Timerl Gate

SE11 and LCDEN - - - -

SEG11 s
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3.4.1.6 RC5/T1CKI/CCP1/SEG10

Figure 3-19 shows the diagram for this pin. The
RC5/T1CKI/CCP1/SEG10 pin is configurable to
function as one of the following:

« ageneral purpose I/O

* a TMR1 clock input

« a Capture input, Compare output or PWM output
 an analog output for the LCD

FIGURE 3-19: BLOCK DIAGRAM OF RC5/T1CKI/CCP1/SEG10

(PORT/CCP1 Select) and CCPMX

CCP1 Data Out

Data Bus D Q 1

WR PORTC

—tCK\a

Data Latch X’
D QH RC5/T1CKI/
CCP1/SEG10
Pin
WR TRISC p oK o) Vss
TRIS Latch
L b
RD TRISC :
SE10 and LCDEN _
Schmitt N
Trigger
RD PORTC
Timerl Gate
SE10 and LCDEN - - - -
SEG10 O/'/O
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3.4.1.7 RC6/TX/CK/SCK/SCL/SEG9

Figure 3-20 shows the diagram for this pin. The
RC6/TX/CK/SCK/SCL/SEG9 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 /0

+ an I°C data I/0

 an analog output for the LCD

FIGURE 3-20: BLOCK DIAGRAM OF RC6/TX/CK/SCK/SCL/SEG9

PORT/SCEN/SSP Mode Select!

12C™ Data Out

TX/CK Data Out

SCK Data Out 5
Data Bus D Q 3
VDD
WR PORTC | CK~_ 6 %
Data Latch @
oD Q RC6/TX/
CK/SCK/
SCL/SEG9
WR TRISC CK_3 Vss pin
TRIS Latch
[ b
SCEN or 1°C™ Drive RDTRISC ﬂi}

SE9 and LCDEN
Schmitt \
Trigger

RD PORTC

CK/SCL/SCK Input

SE9 and LCDEN - - - -
SEG9 o/l/o

Note 1: If all three data output sources are enabled, the following priority order will be used:
e USART data
* SSP data
e PORT data
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3.4.1.8 RC7/RX/DT/SDI/SDA/SEGS8

Figure 3-21 shows the diagram for this pin. The
RC7/RX/DT/SDI/SDA/SEG8 pin is configurable to

function as one of the following:
« ageneral purpose I/O

» an asynchronous serial input
« asynchronous serial data I/O
* a SPI data I/O

+ an I°C data I/0O

 an analog output for the LCD

FIGURE 3-21: BLOCK DIAGRAM OF RC7/RX/DT/SDI/SDA/SEGS8

SCEN/I2C™ Mode Select®

DT Data Out

12C™ Data Out

PORT/(SCEN or I12)C™) Select

VDD
’ ™S
] = Z
RC7/RX/DT/
Data Bus SDI/SDA/
- b Q SEG8
WRi«tCK_\_a Pin
Data Latch
[ o D Q
WR TRISC cKO
TRIS Latch
0—o<]7 SE8 and LCDEN
Schmitt \
IZCTM DriVe RD TR'SC Trlgger
or SCEN Drive
RD PORTC T
RX/SDI Input
SE8 and LCDEN - - - -
SEGS8 )

output.

oo

Note 1: If SSP and USART outputs are both enabled, the USART data output will have priority over the
SSP data output. Both SSP and USART data outputs will have priority over the PORT data
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TABLE 3-3: SUMMARY OF REGISTERS ASSOCIATED WITH PORTC

) ) _ ) ) ) ) ) value on: Value on all
Address | Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR other
Resets
07h PORTC RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO XXXX XXXX [uuuu uuuu
10h T1CON TIGINV | TIGE |T1CKPS1 |T1CKPSO | T1OSCEN | TISYNC | TMR1CS | TMR1ON | 0000 0000 |uuuu uuuu
14h SSPCON WCOL | SSPOV | SSPEN CKP SSPM3 | SSPM2 | SSPM1 | SSPMO |0000 0000 [ 0000 0000
17h CCP1CON — — CCP1X | CCP1Y | CCP1M3 |CCP1M2 | CCP1M1 | CCP1MO | --00 0000 | --00 0000
18h RCSTA SPEN RX9 SREN CREN | ADDEN | FERR OERR RX9D | 0000 000x | 0000 000x
87h TRISC TRISC7 | TRISC6 | TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO |1111 1111 |1111 1111
107h LCDCON LCDEN | SLPEN | WERR | VLCDEN cs1 €S0 LMUX1 | LMUXO {0001 0011|0001 0011
11Ch LCDSEOW SE7 SE6 SE5 SE4 SE3 SE2 SE1 SEO | 0000 0000 |uuuu uuuu
11Dh LCDSE1W SE15 SE14 SE13 SE12 SE11 SE10 SE9 SE8 | 0000 0000 |uuuu uuuu

Legend: x = unknown, u = unchanged, - = unimplemented locations read as ‘0’. Shaded cells are not used by PORTC.
Note 1: This register is only initialized by a POR or BOR reset and is unchanged by other Resets.
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3.5 PORTD and TRISD Registers EXAMPLE 3-4: INITIALIZING PORTD
PORTD is an 8-hit port with Schmitt Trigger input buffers. BCF STATUS,RPO  ;Bank 0
Each pin is individually configured as an input or output. BCE STATUS, RP1 ;
CLRF PORTD ;Init PORTD
PORTD is only available on the PIC16F914 and BSF STATUS,RPO ;Bank 1
PIC16F917. BCF STATUS,RP1 ;
© © MOVLW FFh ;Set RD<7:0> as inputs
Note:  Analog lines that carry LCD signals MOVWF  TRISD .
(i.e., SEGx, COMy, where x and y are seg- BCF STATUS,RPO ;Bank 0
ment and common identifiers) are shown BCF STATUS,RP1 ;
as direct connections to the device pins.
The signals are outputs from the LCD
module and may be tri-stated, depending
on the configuration of the LCD module.
REGISTER 3-9: PORTD — PORTD REGISTER (ADDRESS: 08h)
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 RDS | RD4 | RD3 | RD2 RD1 RDO
bit 7 bit 0

bit 7-0 RD<7:0>: PORTD I/O Pin bits
1 = Port pin is >VIH

0 = Port pin is <VIL

Legend:
R = Readable bit
- n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared

X = Bit is unknown

REGISTER 3-10:

bit 7-0

TRISD — PORTD TRI-STATE REGISTER (ADDRESS: 88h)

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 | TRISD5 | TRISD4 | TRISD3 ‘ TRISD2 | TRISD1 | TRISDO
bit 7 bit 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

Note:  TRISD<7:6> always reads ‘1’ in XT, HS and LP OSC modes.

Legend:
R = Readable bit
- n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’
‘0’ = Bit is cleared

X = Bit is unknown
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351 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 A/D, refer to the

appropriate section in this data sheet.

3511 RDO/COM3

Figure 3-22 shows the diagram for this pin. The
RDO/COM3 pin is configurable to function as one of the
following:

« ageneral purpose I/O
 an analog input for the A/D

3.5.1.2 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

3.5.1.3 RD2/CCP2

Figure 3-24 shows the diagram for this pin. The
RD2/CCP2 pin is configurable to function as one of the
following:

« ageneral purpose I/O

« a Capture input, Compare output or PWM output

3.5.14 RD3/SEG16

Figure 3-25 shows the diagram for this pin. The
RD3/SEG16 pin is configurable to function as one of
the following:

« ageneral purpose I/O

 an analog output for the LCD

3.5.15 RD4/SEG17

Figure 3-25 shows the diagram for this pin. The
RD4/SEG17 pin is configurable to function as one of
the following:

* ageneral purpose I/O

 an analog output for the LCD

3.5.1.6 RD5/SEG18

Figure 3-25 shows the diagram for this pin. The
RD5/SEG18 pin is configurable to function as one of
the following:

« ageneral purpose I/O

< an analog output for the LCD

3.5.1.7 RD6/SEG19

Figure 3-25 shows the diagram for this pin. The
RD6/SEG19 pin is configurable to function as one of
the following:

« ageneral purpose I/O

< an analog output for the LCD

3.5.1.8 RD7/SEG20

Figure 3-25 shows the diagram for this pin. The
RD7/SEG20 pin is configurable to function as one of
the following:

« ageneral purpose I/O

 an analog output for the LCD

© 2005 Microchip Technology Inc.
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BLOCK DIAGRAM OF RDO/COM3

FIGURE 3-22:
VDD

Data Bus D Q
RDO/COM3

WR PORTD _
71 CKM-Q .
Pin

Data Latch

Py

WR TRISD kK3

TRIS Latch
Schmitt

¢ <r Trigger I,
. N
LCDEN and LMUX<1:0> =11

RD TRISD

RD PORTD

LCDEN and

LMUX<1:0>=11 ~;
o

COM3

BLOCK DIAGRAM OF RD1

FIGURE 3-23:
VDD

Data Bus D

o)

RD1 Pin

WR PORTD

|—§J
Ol

Data Latch

*
W)
O

WR TRISD

TRIS Latch
Schmitt

Trigger L
\

i

RD TRISD

RD PORTD
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FIGURE 3-24: BLOCK DIAGRAM OF RD2/CCP2
(PORT/CCP2 Select) and CCPMX
VDD
CCP2 Data Out %
0
Data Bus XI
WR PORTD o y ZIS RD2/CCP2
~n Y ECK—\_G Pin
Data Latch
[ o D Q
WR TRISD CK_\_a
y Trigger |
\
RD TRISD
rd
RD PORTD F
CCP2 Input
FIGURE 3-25: BLOCK DIAGRAM OF RD<7:3>
VDD
Data Bus D Q l\
WR PORTD _
—T CcKwu Q RD<7:3> Pin
Data Latch
L D Q
WR TRISD _
—=———pCcK\-0Q
TRIS Latch
< @
:]] SE<20:16> and LCDEN hmi
RD TRISD ?ﬁgg‘e'ﬁt \
|
RD PORTD
SE<20:16> and LCDEN - - - -
SEG<20:16> O,'/O

© 2005 Microchip Technology Inc. Prelimin ary DS41250D-page 63



PIC16F917/916/914/913

TABLE 3-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORTD

vValue on: Value on all
Address | Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 i other

POR, BOR

Resets

08h PORTD RD7 RD6 RD5 RD4 RD3 RD2 RD1 RDO XXXX XXXX | uuuu uuuu
1Dh®) CCP2CON — — CCP2X CCP2Y | CCP2M3 | CCP2M2 | CCP2M1 | CCP2MO | --00 0000 [ --00 0000
88h TRISD® TRISD7 | TRISD6 | TRISD5 | TRISD4 TRISD3 | TRISD2 | TRISD1 | TRISDO | 1111 1111|1111 1111
107h LCDCON LCDEN | SLPEN WERR | VLCDEN Cs1 CS0 LMUX1 LMUX0 | 0001 0011 | 0001 0011
11Eh LCcDSE2(12) SE23 SE22 SE21 SE20 SE19 SE18 SE17 SE16 0000 0000 | uuuu uuuu
Legend: x = unknown, u = unchanged, - = unimplemented locations read as ‘0’. Shaded cells are not used by PORTC.

Note 1: This register is only initialized by a POR or BOR reset and is unchanged by other Resets.
2:  PIC16F914/917 only.
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3.6 PORTE and TRISE Registers EXAMPLE 3-5: INITIALIZING PORTE
PORTE is a 4-bit port with Schmitt Trigger input buffers. ES; zgiggz ! gi fBank 0
RE<2:0> are individulally configur.ed as inputs or out- OLRF  PORTE ;Init PORTE
puts. RE3 is only available as an input if MCLRE is ‘0’ BSF STATUS , RPO Bank 1
in Configuration Word (Register 16-1). BCF STATUS, RP1 ;
RE<2:0> are only available on the PIC16F914 and MOVLW ~ OFh iSet RE<3:0> as inputs
PIC16F917. MOVWF TRISE ;
CLRF ANSEL ;Make RE<2:0> as I/O's
Note:  Analog lines that carry LCD signals BCF STATUS, RPO ;Bank 0
(i.e., SEGx, where x are segment identifi- BCF STATUS, RP1

ers) are shown as direct connections to
the device pins. The signals are outputs
from the LCD module and may be
tri-stated, depending on the configuration
of the LCD module.

REGISTER 3-11:

bit 7-4
bit 3-0

REGISTER 3-12:

bit 7-4
bit 3
bit 2-0

PORTE — PORTE REGISTER (ADDRESS: 09h)

uU-0 U-0 U-0 U-0 RW-x  RMW-x  RMW-x  RMWx
— — — | — | Res | RE2 RE1 REO
bit 7 bit 0

Unimplemented: Read as ‘0’
RE<3:0>: PORTE 1I/O Pin bits
1 = Port pin is >VIH
0 = Port pin is <VIL

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

TRISE — PORTE TRI-STATE REGISTER (ADDRESS: 89h)

u-0 U-0 u-0 U-0 R-1 R/W-1 R/W-1 R/W-1
— — — — | TRISE3 | TRISE2 | TRISE1 | TRISEO
bit 7 bit 0

Unimplemented: Read as ‘0’
TRISE3: Data Direction bit. RE3 is always an input, so this bit always reads as a ‘1’
TRISE<2:0>: Data Direction bits

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
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3.6.1 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 A/D, refer to the

appropriate section in this data sheet.

3.6.1.1 REO/AN5/SEG21

Figure 3-26 shows the diagram for this pin. The
REO/ANS/SEG21pin is configurable to function as one
of the following:

« ageneral purpose I/O

 an analog input for the A/D

 an analog output for the LCD

3.6.1.2 RE1/ANG6/SEG22

Figure 3-26 shows the diagram for this pin. The
RE1/AN6/SEG22 pin is configurable to function as one
of the following:

* ageneral purpose I/O

* an analog input for the A/D

« an analog output for the LCD

3.6.1.3 RE2/AN7/SEG23

Figure 3-26 shows the diagram for this pin. The
RE2/AN7/SEG23 pin is configurable to function as one
of the following:

« ageneral purpose I/O

< an analog input for the A/D

< an analog output for the LCD

3.6.14 RE3/MCLR/VPpP

Figure 3-27 shows the diagram for this pin. The
RE3/MCLR/VPP 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

FIGURE 3-26: BLOCK DIAGRAM OF RE<2:0>
VDD
Data Bus D 0
WR PORTE —
tCK_\_ Q RE<2:0> Pin
Data Latch
o D Q
WR TRISE —_
t CK\
TRIS Latch
.,_O<li Analog/|Mode or
SE<23:21> and LCDEN .
RD TRISE Schmitt |
Trigger
|
RD PORTE
SE<23:21> and LCDEN - - - ]
SEG<23:21> o
AN<7:5>
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FIGURE 3-27: BLOCK DIAGRAM OF RE3/MCLR/VrPP
HV
Schmitt Trigger
MCLR circuit _ Buffer
- MCLR Filter(?) /‘I
Programming mode
<< HV Detect *
MCLRE RE3/MCLR/VPP
e
Data Bus HV
¢ Schmitt Trigger
Buffer
RE TRIS
RE Port J
Note 1: The MCLR filter is bypassed in Emulation mode.
TABLE 3-5: SUMMARY OF REGISTERS ASSOCIATED WITH PORTE
value on: Value on all
Address | Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 . other
POR, BOR
Resets
09h PORTE — — — — RE3 RE2 RE1 REO ---- XXXX | ---- uuuu
1Fh ADCONO ADFM | VCFG1 | VCFGO CHS2 CHS1 CHSO |GO/DONE| ADON | 0000 0000 | 0000 0000
89h TRISE — — = — TRISE3® | TRISE2@ | TRISE1® | TRISEOP | ---- 1111 | ---- 1111
91h ANSEL ANS7 | ANS6 ANS5 ANS4 ANS3 ANS2 ANS1 ANSO |1111 1111|1111 1111
107h LCDCON LCDEN | SLPEN | WERR | VLCDEN cs1 €S0 LMUX1 | LMUXO | 0001 0011|0001 0011
11Eh LcDsE2(1?) | sE23 SE22 SE21 SE20 SE19 SE18 SE17 SE16 | 0000 0000 | uuuu uuuu
Legend: x = unknown, u = unchanged, - = unimplemented locations read as ‘'0’. Shaded cells are not used by PORTC.

Note 1: This register is only initialized by a POR or BOR reset and is unchanged by other Resets.
2:  PIC16F914/917 only.
3: Bit is read-only; TRISE = 1 always.
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NOTES:

DS41250D-page 68 Prelimin ary © 2005 Microchip Technology Inc.



PIC16F917/916/914/913

40 CLOCK SOURCES

4.1

The PIC16F917/916/914/913 has a wide variety of
clock sources and selection features to allow it to be
used in a wide range of applications while maximizing
performance and minimizing power consumption.
Figure 4-1 illustrates a block diagram of the
PIC16F917/916/914/913 clock sources.

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:

Overview

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

« Two-Speed Clock 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 to the
Internal Oscillator.

FIGURE 4-1:

The PIC16F917/916/914/913 can be configured in one
of eight clock modes.

1. EC - External clock with 1/0 on RAG.

2. LP — Low-gain Crystal or Ceramic Resonator
Oscillator mode.

3. XT-Medium-gain Crystal or Ceramic Resonator
Oscillator mode.

4. HS — High-gain Crystal or Ceramic Resonator
mode.

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

6. RCIO - External Resistor-Capacitor with 1/0 on
RAG.

7. INTOSC - Internal oscillator with Fosc/4 output
on RA6 and I/O on RA7Y.

8. INTOSCIO - Internal oscillator with 1/0 on RA6
and RA7.

Clock source modes are configured by the FOSC<2:0>
bits in the Configuration Word register (see
Section 16.0 “Special Features of the CPU”). The
internal clock can be generated by two oscillators. The
HFINTOSC is a high-frequency calibrated oscillator.
The LFINTOSC is a low-frequency uncalibrated
oscillator.

PIC16F917/916/914/913 SYSTEM CLOCK BLOCK DIAGRAM

External Oscillator

0scC2

FOSC<2:0>
(Configuration Word)

SCS
(OSCCON<0>)

Sleep
LP, XT, HS, RC, RCIO, EC
osc1 X ——s— — I\ S —
IRCF<2:0> X
. S &
(OSCCON<6:4>) = | System Clock
8 MHz (CPU and Peripherals)
=111
4 MHz
Internal Oscillator 2MHz 110
5 >101
2 1 MHz <
HFINTOSC ~ 2 s00khz 11°° 3
8 MHz 3 osokmz |0t =
a Z »1010
125kHz | .
LFINTOSC 31 kHz 000
31 kHz -

LCD Module
Power-up Timer (PWRT)

Watchdog Timer (WDT)
Fail-Safe Clock Monitor (FSCM)
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REGISTER 4-1: OSCCON — OSCILLATOR CONTROL REGISTER (ADDRESS: 8Fh)

u-0 R/W-1 R/W-1 R/W-0 R-q R-0 R-0 R/W-0
| — | rcr2 | IRCF1 | IRCFO | 0osTs®W [ HTs | LTS | scs
bit 7 bit 0
bit 7 Unimplemented: Read as ‘0’
bit 6-4 IRCF<2:0>: Internal Oscillator Frequency Select bits

000= 31kHz

001= 125kHz
010= 250 kHz
011 = 500 kHz

100= 1MHz
101= 2MHz
110= 4 MHz
111= 8MHz
bit 3 OSTS: Oscillator Start-up Time-out Status bit

1 = Device is running from the external system clock defined by FOSC<2:0>
0 = Device is running from the internal system clock (HFINTOSC or LFINTOSC)

bit 2 HTS: HFINTOSC (High Frequency — 8 MHz to 125 kHz) Status bit
1 = HFINTOSC is stable
0 = HFINTOSC is not stable
bit 1 LTS: LFINTOSC (Low Frequency — 31 kHz) Stable bit
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>

Note 1: The value of the OSTS bit on device power-up is dependent on the value of the
Configuration Word (CONFIG) of the device. The value of the OSTS bit will be ‘0’
on a device Power-on Reset (POR) or any automatic clock switch, which may occur
from Two-Speed Start-up or Fail-Safe Clock Monitor, if the following conditions are

true:

OSTS =0 if:

FOSC<2:0> = 000 (LP) or 001 (XT) or 010 (HS)
and

IESO=10rFSCM =1

(IESO will be enabled automatically if FSCM is enabled)

If any of the above conditions are not met, the value of the OSTS hit will be ‘1" on
a device POR. See Section 4.6 “Two-Speed Clock Start-up Mode” and
Section 4.7 “Fail-Safe Clock Monitor” for more details.

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 = Bitis unknown
g = value depends on condition
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4.2 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 modules
(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 PIC16F917/916/914/913. The
PIC16F917/916/914/913 has two internal oscilla-
tors: the 8 MHz High-Frequency Internal Oscilla-
tor (HFINTOSC) and 31 kHz Low-Frequency
Internal Oscillator (LFINTOSC).

The system clock can be selected between external or
internal clock sources via the System Clock Selection
(SCS) bit (see Section 4.5 “Clock Switching”).

4.3 External Clock Modes

43.1 OSCILLATOR START-UP TIMER
(OST)

If the PIC16F917/916/914/913 is configured for LP, XT
or HS modes, the Oscillator Start-up Timer (OST)
counts 1024 oscillations from the OSC1 pin, following a
Power-on Reset (POR), and 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
PIC16F917/916/914/913. 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.

43.1.1 Special Case

An exception to this is when the device is put to Sleep
while the following conditions are true:

e LP is the selected primary oscillator mode.

e T10OSCEN = 1 (Timerl oscillator is enabled).

e SCS = 0 (oscillator mode is defined by
FOSC<2:0>).

e OSTS = 1 (device is running from primary system
clock).

For this case, the OST is not necessary after a wake-up
from Sleep, since Timerl continues to run during Sleep
and uses the same LP oscillator circuit as its clock
source. For these devices, this case is typically seen
when the LCD module is running during Sleep.

In applications where the OSCTUNE register is used to
shift the FINTOSC frequency, the application should not
expect the FINTOSC frequency to stabilize immediately.
In this case, the frequency may shift gradually toward
the new value. The time for this frequency shift is less
than eight cycles of the base frequency.

Note:  When the OST is invoked, the WDOG is
held in Reset, because the WDOG ripple
counter is used by the OST to perform the
oscillator delay count. When the OST
count has expired, the WDOG will begin
counting (if enabled).

Table 4-1 shows examples where the oscillator delay is
invoked.

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 4.6
“Two-Speed Clock Start-up Mode”).
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TABLE 4-1:

OSCILLATOR DELAY EXAMPLES

System Clock
Source

Frequency

Switching From

Oscillator Delay
(TosT)

Comments

LFIOSC

31 kHz

Sleep

10 ps internal delay

Following a wake-up from Sleep mode
or POR, an internal delay is invoked to
allow the memory bias to stabilize
before program execution can begin.

HFIOSC

125 kHz-8 MHz

Sleep

10 us internal delay

Following a wake-up from Sleep mode
or POR, an internal delay is invoked to
allow the memory bias to stabilize
before program execution can begin.

XT or HS

4-20 MHz

INTOSC or Sleep

1024 clock cycles

Following a change from INTOSC, an
OST of 1024 cycles must occur.

LP

32 kHz

INTOSC or Sleep

1024 clock cycles

Following a change from INTOSC, an
OST of 1024 cycles must occur. See
Section 4.3.1.1 “ Special Case” for
special case conditions.

LP with TLOSC
enabled

32 kHz

Sleep

10 us internal delay

Following a wake-up from Sleep mode,
an internal delay is invoked to allow the
memory bias to stabilize before
program execution can begin. See
Section 4.3.1.1 “ Special Case” for
details about this special case.

EC,RC

0-20 MHz

Sleep

10 ps internal delay

Following a wake-up from Sleep mode
or POR, an internal delay is invoked to
allow the memory bias to stabilize
before program execution can begin.

EC,RC

0-20 MHz

LFIOSC

10 ps internal delay

Following a switch from a LFIOSC or
POR, an internal delay is invoked to
allow the memory bias to stabilize
before program execution can begin.
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43.2 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 pin and the RA6 pin 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 PIC16F917/916/914/913
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

PIC16F917/916/914/913

Clock {>¢ 0oSsc1/
(External CLKIN

System)

Internal
Clock

FOSC<2:0>=011

RA6<—= RA6/OSC2/CLKO/T10SO

4.3.3 LP, XT, HS MODES

The LP, XT and HS modes support the use of quartz
crystal resonators or ceramic resonators connected to
the OSC1 and OSC2 pins (Figures 4-3 and 4-4). 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 best suited
to drive resonators with a low drive level specification, for
example, tuning fork type crystals.

Note: In the past, the sources for the LP oscilla-
tor and Timerl oscillator have been sepa-
rate circuits. In this family of devices, the
LP oscillator and Timerl oscillator use the
same oscillator circuitry. When using a
device configured for the LP oscillator and
with TLIOSCEN = 1, the source of the
clock for each function comes from the
same oscillator block.

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, for example,
low-frequency/AT-cut quartz crystal resonators.

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, for example, high-frequency/AT-cut
quartz crystal resonators or ceramic resonators.

Figures 4-3 and 4-4 show typical circuits for quartz
crystal and ceramic resonators, respectively.

© 2005 Microchip Technology Inc.
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FIGURE 4-3: QUARTZ CRYSTAL FIGURE 4-4: CERAMIC RESONATOR
OPERATION (LP, XT OR OPERATION
HS MODE) (XT OR HS MODE)
PIC16F917/916/914/913 PIC16F917/916/914/913
. 0Osc1
l
C1 C1
uartz
= 8rysta|
- 0sc2 )
.
c2 c2 Ceramic

Resonator

Note 1. A series resistor (Rs) may be required for

\ . Note 1: A series resistor (Rs) may be required for
quartz crystals with low drive level.

ceramic resonators with low drive level.

2. The value of RF varies with the oscillator 2. The value of RF varies with the oscillator
mode selected (typically between 2 MQ to mode selected (typically between 2 MQ to
10 MQ). 10 MQ).

3 If using LF_) mode _and T_lOSC in e”at?'ev 3: An additional parallel feedback resistor
the LP oscillator will continue to run during (RP) may be required for proper ceramic
Sleep.

resonator operation (typical value 1 MQ).

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

2. Always verify oscillator performance over
the VDD and temperature range that is
expected for the application.
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43.4 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 the OSC1 pin.
The OSC2/CLKO pin 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 RC mode connections.

FIGURE 4-5: RC MODE
VDD
PIC16F917/916/914/913
REXT

OsC1 Internal

N Clock
% CEXT L‘l

Vss =

-+-— OSC2/CLKO
Fosc/4

Recommended values: 3 kQ < REXT < 100 kQ
CEXT > 20 pF

In RCIO mode, the RC circuit is connected to the OSC1
pin. The OSC2 pin becomes an additional general
purpose I/O pin. The 1/0 pin becomes bit 4 of PORTA
(RA4). Figure 4-6 shows the RCIO mode connections.

FIGURE 4-6: RCIO MODE
VDD
PIC16F917/916/914/913
REXT

OsC1 Internal

S Clock
JA|\_ CEXT JT;’ >

Vss =

~—{ |/O (OSC2)
RAG

Recommended values:3 kQ < REXT < 100 kQ
CEXT > 20 pF

The RC oscillator frequency is a function of the supply
voltage, the resistor (RExT) and capacitor (CEXT)
values and the operating temperature. In addition to
this, the oscillator frequency will vary from unit to unit
due to normal threshold voltage. Furthermore, the
difference in lead frame capacitance between package
types will also affect the oscillation frequency or for low
CEexT values. The user also needs to take into account
variation due to tolerance of external RC components
used.

4.4 Internal Clock Modes

The PIC16F917/916/914/913 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 +12% via software using the
OSCTUNE register (Register 4-2).

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

The system clock speed can be selected via software
using the Internal Oscillator Frequency Select (IRCF)
bits.

The system clock can be selected between external or
internal clock sources via the System Clock Selection
(SCS) bit (see Section 4.5 “Clock Switching”).

441 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
(FOSC) bhits in the Configuration Word register
(Register 16-1).

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

In INTOSCIO mode, the OSC1 and OSC2 pins are
available for general purpose 1/0.

442 HFINTOSC

The High-Frequency Internal Oscillator (HFINTOSC) is
a factory calibrated 8 MHz internal clock source. The
frequency of the HFINTOSC can be altered
approximately £12% 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 bhits (see Section 4.4.4 “Frequency Select Bits
(IRCF)").

The HFINTOSC is enabled by selecting any frequency
between 8 MHz and 125 kHz (IRCF # 000) as the
System Clock Source (SCS = 1), or when Two-Speed
Start-up is enabled (IESO = 1 and IRCF # 000).

The HF Internal Oscillator (HTS) bit (OSCCON<2>)
indicates whether the HFINTOSC is stable or not.
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4421 OSCTUNE Register

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

The OSCTUNE register has a tuning range of £12%.
The default value of the OSCTUNE register is ‘0’. The
value is a 5-bit two’s complement number. Due to
process variation, the monotonicity and frequency step
cannot be specified.

When the OSCTUNE register is modified, the HFINTOSC
frequency will begin shifting to the new frequency. The
HFINTOSC clock will stabilize within 1 ms. 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 RESISTOR (ADDRESS: 90h)
U-0 U-0 U-0 RW-0  RW-0 RW-O RMW-O  RW-0
— — — TUN4 | TUN3 | TUN2 | TUN1 | TUNO
bit 7 bit 0
bit 7-5 Unimplemented: Read as ‘0’

bit 4-0 TUN<4:0>: Frequency Tuning bits

01111 = Maximum frequency
01110 =

00001 =

00000 = Center frequency. Oscillator module is running at the calibrated frequency.

11111 =

10000 = Minimum frequency

Legend:
R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared X = Bit is unknown
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443 LFINTOSC

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

The output of the LFINTOSC connects to a postscaler
and multiplexer (see Figure 4-1). 31 kHz can be
selected via software using the IRCF bits (see
Section 4.4.4 “Frequency Select Bits (IRCF)”). 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 = 000) as the System Clock Source (SCS = 1),
or when any of the following are enabled:

» Two-Speed Start-up (IESO =1 and IRCF = 000)

e Power-up Timer (PWRT)

* Watchdog Timer (WDT)

 Fail-Safe Clock Monitor (FSCM)

» Selected as LCD module clock source

The LF Internal Oscillator (LTS) bit (OSCCON<1>)
indicates whether the LFINTOSC is stable or not.

444 FREQUENCY SELECT BITS (IRCF)

The output of the 8 MHz HFINTOSC and 31 kHz
LFINTOSC connect to a postscaler and multiplexer
(see Figure 4-1). The Internal Oscillator Frequency
select bits, IRCF<2:0> (OSCCON<6:4>), select the
frequency output of the internal oscillators. One of eight
frequencies can be selected via software:
* 8 MHz
e 4 MHz (Default after Reset)
e 2 MHz
e 1 MHz
* 500 kHz
e 250 kHz
e 125 kHz
e 31 kHz

Note:  Following any Reset, the IRCF bits 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.

445 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. If this is the case, there is a 10 us
delay after the IRCF bits are modified before the
frequency selection takes place. The LTS/HTS bits will
reflect the current active status of the LFINTOSC and
the HFINTOSC oscillators. The timing of a frequency
selection is as follows:

1. IRCF bits are modified.

2. If the new clock is shut down, a 10 us clock
start-up delay is started.

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

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

5. CLKO is now connected with the new clock.
HTS/LTS bits are updated as required.

6. Clock switch is complete.

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 the new frequencies are derived from the
HFINTOSC via the postscaler and multiplexer.

4.5 Clock Switching

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

451 SYSTEM CLOCK SELECT (SCS) BIT

The System Clock Select (SCS) bit (OSCCON<0>)
selects the system clock source that is used for the
CPU and peripherals.

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

« When SCS = 1, the system clock source is
chosen by the internal oscillator frequency
selected by the IRCF bits. After a Reset, SCS 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. The user can monitor the
OSTS (OSCCON<3>) to determine the

current system clock source.
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45.2 OSCILLATOR START-UP TIME-OUT
STATUS BIT

The Oscillator Start-up Time-out Status (OSTS) bit
(OSCCON<3>) indicates whether the system clock is
running from the external clock source, as defined by
the FOSC bits, 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.

4.6 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 (OSCCON<3>) to remain
clear.

When the PIC16F917/916/914/913 is configured for
LP, XT or HS modes, the Oscillator Start-up Timer
(OST) is enabled (see Section 4.3.1 “Oscillator
Start-up Timer (OST)”). The OST timer 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 (OSCCON<3>) is set, program
execution switches to the external oscillator.

46.1 TWO-SPEED START-UP MODE
CONFIGURATION

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

* |IESO = 1 (CONFIG<10>) Internal/External
Switchover bit.
e SCS=o.
* FOSC configured for LP, XT or HS mode.
Two-Speed Start-up mode is entered after:
+ Power-on Reset (POR) and, if enabled, after
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.

4.6.2 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 bits
(OSCCON<6:4>).

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.

4.6.3 CHECKING EXTERNAL/INTERNAL
CLOCK STATUS

Checking the state of the OSTS bit (OSCCON<3>) will
confirm if the PIC16F917/916/914/913 is running from
the external clock source as defined by the FOSC bits
in the Configuration Word (CONFIG) or the internal
oscillator.
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FIGURE 4-7: TWO-SPEED START-UP

—Q1——Q2——Q3—Q4—Q1

Q2————Q3————Q4————Ql—

INTOSC /_\_/_\_/S S\I\_/VMMW

e TosT | | .
osc1 [0 X 1§ (T0z2)(1023\ /N / T\
R T f | 5
osc2. ) "/ N\ \ /
Program Counter | I Y IPC X PC+1 | X PC+2 ]

SystemClock " \_/ \_"  _/\J/\_/ \__/ /

4.7 Fail-Safe Clock Monitor

The Fail-Safe Clock Monitor (FSCM) is designed to
allow the device to continue to operate in the event of
an oscillator failure. The FSCM can detect oscillator
failure at any point after the device has exited a Reset
or Sleep condition and the Oscillator Start-up Timer
(OST) has expired.

FIGURE 4-8: FSCM BLOCK DIAGRAM

The FSCM function is enabled by setting the FCMEN
bit in the Configuration Word (CONFIG). It is applicable
to all external clock options (LP, XT, HS, EC or RC
modes).

In the event of an external clock failure, the FSCM will
set the OSFIF bit (PIR2<7>) and generate an oscillator
fail interrupt if the OSFIE bit (PIE2<7>) is set. The
device will then switch the system clock to the internal
oscillator. The system clock will continue to come from
the internal oscillator unless the external clock recovers
and the Fail-Safe condition is exited.

The frequency of the internal oscillator will depend upon
the value contained in the IRCF bits (OSCCON<6:4>).
Upon entering the Fail-Safe condition, the OSTS bit
(OSCCON<3>) is automatically cleared to reflect that
the internal oscillator is active and the WDT is cleared.
The SCS hit (OSCCON<0>) is not updated. Enabling
FSCM does not affect the LTS bit.

The FSCM sample clock is generated by dividing the
INTOSC clock by 64. This will allow enough time
between FSCM sample clocks for a system clock edge
to occur. Figure 4-8 shows the FSCM block diagram.

On the rising edge of the sample clock, a monitoring
latch (CM = 0) will be cleared. On a falling edge of the
primary system clock, the monitoring latch will be set
(CM = 1). In the event that a falling edge of the sample
clock occurs, and the monitoring latch is not set, a clock
failure has been detected. The assigned internal
oscillator is enabled when FSCM is enabled as
reflected by the IRCF.

© 2005 Microchip Technology Inc.
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4.7.1 FAIL-SAFE CONDITION CLEARING

The Fail-Safe condition is cleared after a Reset, the
execution of a SLEEP instruction, or a modification of
the SCS bit. While in Fail-Safe condition, the
PIC16F91X uses the internal oscillator as the system
without exiting the Fail-Safe condition.

The Fail-Safe condition must be cleared before the
OSFIF flag can be cleared.

FIGURE 4-9: FSCM TIMING DIAGRAM
sampleClock _ | [ [ 1
System : : : . Oscillator . ﬁ
Clock : ! :  Failure ; f
Output , . . . . ,
CM Output ' ' ' ' ' :
o ! . i . .
: : : ! ! Failure
. ' ) . . Detected ’;—
OSCFIF : : : : ! .
' CM Test ' CM Test ' CM 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.

4.7.2 RESET OR WAKE-UP FROM SLEEP

The FSCM is designed to detect oscillator failure at
any point after the device has exited a Reset or Sleep
condition and the Oscillator Start-up Timer (OST) has
expired. If the external clock is EC or RC mode,
monitoring will begin immediately following these
events.

Note:

For LP, XT or HS mode the external oscillator may
require a start-up time considerably longer than the

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 (OSCCON<3>) to verify the
oscillator start-up and system clock
switchover has successfully completed.

FSCM sample clock time, a false clock failure may be
detected (see Figure 4-9). To prevent this, the internal
oscillator is automatically configured as the system
clock and functions until the external clock is stable
(the OST has timed out). This is identical to
Two-Speed Start-up mode. Once the external
oscillator is stable, the LFINTOSC returns to its role as
the FSCM source.

TABLE 4-2: SUMMARY OF REGISTERS ASSOCIATED WITH CLOCK SOURCES
value on: Value on
Addr Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 - all other
POR, BOR
Resets
8Fh OSCCON = IRCF2 | IRCF1 | IRCFO |0STS@ | HTS LTS SCS |-110 g000|-110 x000
90h OSCTUNE — — — TUN4 TUN3 TUN2 | TUN1 TUNO |---0 0000 | ---u uuuu
2007h@® | CONFIG CPD cP MCLRE | PWRTE | WDTE | FOSC2 | FOSC1 | FOSCO — —
Legend: x =unknown, u = unchanged, - = unimplemented locations read as ‘0’. Shaded cells are not used by oscillators.
Note 1: See Register 16-1 for operation of all Configuration Word bits.

2:

See Register 4-1 for details.
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5.0 TIMERO MODULE

The TimerO module timer/counter has the following
features:

* 8-bit timer/counter

* Readable and writable

 8-bit software programmable prescaler

« Internal or external clock select

« Interrupt on overflow from FFh to 00h

« Edge select for external clock

Figure 5-1 is a block diagram of the TimerO module and
the prescaler shared with the WDT.

Note: Additional information on the TimerO
module is available in the “PICmicro®
Mid-Range MCU Family Reference
Manual” (DS33023).

51 Timer0O Operation

Timer mode is selected by clearing the TOCS bit
(OPTION_REG<5>). In Timer mode, the Timer0
module will increment every instruction cycle (without
prescaler). If TMRO is written, the increment is inhibited
for the following two instruction cycles. The user can
work around this by writing an adjusted value to the
TMRO register.

FIGURE 5-1:

Counter mode is selected by setting the TOCS bit
(OPTION_REG<5>). In this mode, the Timer0 module
will increment either on every rising or falling edge of pin
RA4/C1OUT/TOCKI/SEG4. The incrementing edge is
determined by the source edge (TOSE) control bit
(OPTION_REG<4>). Clearing the TOSE bit selects the
rising edge.

Note:  Counter mode has specific external clock
requirements. Additional information on
these requirements is available in the
“PICmicro® Mid-Range MCU Family

Reference Manual”’ (DS33023).

5.2 TimerO Interrupt

A TimerO interrupt is generated when the TMRO
register timer/counter overflows from FFh to 00h. This
overflow sets the TOIF bit (INTCON<2>). The interrupt
can be masked by clearing the TOIE bit (INTCON<5>).
The TOIF bit must be cleared in software by the Timer0
module Interrupt Service Routine before re-enabling
this interrupt. The TimerO interrupt cannot wake the
processor from Sleep, since the timer is shut off during
Sleep.

BLOCK DIAGRAM OF THE TIMERO/WDT PRESCALER

CLKO

(= Foscl4) Data Bus
0
8
* 1 \
SYNC 2 -
! ™ Cycles ™ TMRO
TOCKI 0
pin .
TOSE ToCs 8-bit Set Flag bit TOIF
on Overflow
Prescaler PSA
3
8
WDTE PSA
SWDTEN —
PS<2:0> 1
L—» WDT
16-bit . Time-out
Prescaler 16
31 kHz Watchdog
INTOSC Timer PSA

WDTPS<3:0>

Note: TOSE, TOCS, PSA and PS<2:0> are bits in the Option register; WDTPS<3:0> are bits in the WDTCON register.

© 2005 Microchip Technology Inc.

Preliminary

DS41250D-page 81



PIC16F917/916/914/913

5.3 Using TimerO with an External
Clock

When no prescaler is used, the external clock input is the
same as the prescaler output. The synchronization of
TOCKI, with the internal phase clocks, is accomplished by
sampling the prescaler output on the Q2 and Q4 cycles of
the internal phase clocks. Therefore, it is necessary for
TOCKI to be high for at least 2 Tosc (and a small RC delay
of 20 ns) and low for at least 2 Tosc (and a small RC delay
of 20 ns). Refer to the electrical specification of the
desired device.

REGISTER 5-1: OPTION_REG — OPTION REGISTER (ADDRESS: 81h OR 181h)
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 | TOosE | PsA Ps2 | Pst | Pso
bit 7 bit 0
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 in WPUA register

bit 6 INTEDG: Interrupt Edge Select bit
1 = Interrupt on rising edge of RBO/INT/SEGO pin
0 = Interrupt on falling edge of RBO/INT/SEGO pin

bit 5 TOCS: TMRO Clock Source Select bit
1 = Transition on RA4/C1OUT/TOCKI/SEG4 pin
0 = Internal instruction cycle clock (CLKO)

bit 4 TOSE: TMRO Source Edge Select bit
1 = Increment on high-to-low transition on RA4/C1OUT/TOCKI/SEG4 pin
0 = Increment on low-to-high transition on RA4/C1OUT/TOCKI/SEG4 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 TMRO 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

Note 1: A dedicated 16-bit WDT postscaler is available for the PIC16F917/916/914/913.
See Section 16.6 “Watchdog Timer (WDT)” for more information.

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
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5.4 Prescaler

An 8-bit counter is available as a prescaler for the
Timer0 module, or as a postscaler for the Watchdog
Timer. For simplicity, this counter will be referred to as
“prescaler” throughout this data sheet. The prescaler
assignment is controlled in software by the control bit
PSA (OPTION_REG<3>). Clearing the PSA bit will
assign the prescaler to TimerO. Prescale values are
selectable via the PS<2:0> bits (OPTION_REG<2:0>).

The prescaler is not readable or writable. When
assigned to the TimerO module, all instructions writing
to the TMRO register (e.g., CLRF 1, MOVWF 1,
BSF 1, x....etc.) will clear the prescaler. When
assigned to WDT, a CLRWDT instruction will clear the
prescaler along with the Watchdog Timer.

54.1 SWITCHING PRESCALER

ASSIGNMENT

The prescaler assignment is fully under software control
(i.e., it can be changed “on-the-fly” during program
execution). To avoid an unintended device Reset, the
following instruction sequence (Example 5-1 and
Example 5-2) must be executed when changing the
prescaler assignment from TimerO to WDT.

EXAMPLE 5-1: CHANGING PRESCALER
(TIMERO — WDT)
BCF STATUS, RPO ;Bank 0
CLRWDT ;Clear WDT
CLRF TMRO ;Clear TMRO and
; prescaler
BSF STATUS, RPO ;Bank 1
MOVLW b’00101111” ;Required if desired
MOVWF OPTION_REG ; PS2:PSO is
CLRWDT ; 000 or 001
MOVLW b’00101xxx"’ ;Set postscaler to
MOVWF OPTION_REG ; desired WDT rate
BCF STATUS, RPO ;Bank 0

To change prescaler from the WDT to the TMRO
module, use the sequence shown in Example 5-2. This
precaution must be taken even if the WDT is disabled.

EXAMPLE 5-2: CHANGING PRESCALER
(WDT — TIMERO)
CLRWDT ;Clear WDT and
; prescaler
BSF STATUS, RPO ;Bank 1
MOVLW b’ xxxx0xxx'’ ;Select TMRO,

; prescale, and
; clock source

MOVWF OPTION_REG ;
BCF STATUS, RPO ;Bank 0
TABLE 5-1: REGISTERS ASSOCIATED WITH TIMERO
value on Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 all other
POR, BOR
Resets
01lh TMRO Timer0 Module Register XXXX XXXX | uuuu uuuu
0Bh/10Bh [INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF | 0000 000x | 0000 000x
81h OPTION_REG| RBPU |INTEDG | TOCS TOSE PSA PS2 PS1 PSO 1111 1111|1111 1111
85h TRISA TRISA7 | TRISA6 | TRISAS | TRISA4 | TRISA3 | TRISA2 | TRISAL1 | 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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NOTES:
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6.0 TIMER1 MODULE WITH GATE

CONTROL

The PIC16F917/916/914/913 has a 16-bit timer.
Figure 6-1 shows the basic block diagram of the Timer1l
module. Timerl has the following features:

¢ 16-bit timer/counter (TMR1H:TMR1L)

* Readable and writable

« Internal or external clock selection

< Synchronous or asynchronous operation

« Interrupt-on-overflow from FFFFh to 0000h

« Wake-up upon overflow (Asynchronous mode)

« Optional external enable input:

- Selectable gate source: T1G or C2 output
(T1GSS)

- Selectable gate polarity (T1GINV)
» Optional LP oscillator

FIGURE 6-1:

Set Flag bit
TMR1IF on

Overflow
TMR1®
TMR1H ‘ TMR1L

OSC1/T10sSI

0OSC2/T10S0O

Fosc

Fosc/4
Internal
Clock

The Timerl Control register (TLCON), shown in
Register 6-1, is used to enable/disable Timerl and
select the various features of the Timerl module.

Additional information on timer modules is
available in the “PICmicro® Mid-Range MCU

Note:

Family Reference Manual” (DS33023).

TIMER1 ON THE PIC16F917/916/914/913 BLOCK DIAGRAM

TMR1ON
T1GE

Synchronized
Clock Input

T1SYNC

Synchronize
_A det
I

Sleep Input

Prescaler

1,2, 4,
b

T1CKPS<1:0>
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6.1 Timerl Modes of Operation

Timerl can operate in one of three modes:

« 16-bit timer with prescaler
» 16-bit synchronous counter
« 16-bit asynchronous counter

In Timer mode, Timerl is incremented on every
instruction cycle. In Counter mode, Timerl 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 the Timerl module, the module clock can be gated
by the Timerl gate, which can be selected as either the
T1G pin or Comparator 2 output.

If an external clock oscillator is needed (and the
microcontroller is using the INTOSC without CLKO),
Timerl can use the LP oscillator as a clock source.

Note: In Counter mode, a falling edge must be
registered by the counter prior to the first

incrementing rising edge.

6.2 Timerl Interrupt

The Timerl register pair (TMR1H:TMR1L) increments
to FFFFh and rolls over to 0000h. When Timerl rolls
over, the Timerl Interrupt Flag bit (PIR1<0>) is set. To
enable the interrupt on rollover, you must set these bits:
e Timerl Interrupt Enable bit (PIE1<0>)

* PEIE bit (INTCON<6>)

* GIE bit INTCON<7>)

The interrupt is cleared by clearing the TMR1IF bit in
the Interrupt Service Routine.

Note:  The TMR1H:TTMRLL register pair and the
TMRL1IF bit should be cleared before
enabling interrupts.

FIGURE 6-2:

TIMER1 INCREMENTING EDGE

6.3 Timerl Prescaler

Timerl has four prescaler options allowing 1, 2, 4 or 8
divisions of the clock input. The T1CKPS bits
(TLICON<5:4>) 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 TMRIL.

6.4 Timerl Gate

Timerl gate source is software configurable to be the
T1G pin or the output of Comparator 2. This allows the
device to directly time external events using T1G or
analog events using Comparator 2. See CMCONL1
(Register 8-2) for selecting the Timerl 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:  T1GE bit (TICON<6>) must be set to use
either T1G or C20UT as the Timerl gate
source. See Register8-2 for more
information on selecting the Timerl gate
source.

Timerl gate can be inverted using the T1GINV bit
(TLCON<T7>), whether it originates from the T1G pin or
Comparator 2 output. This configures Timerl to
measure either the active-high or active-low time
between events.

TiCKlI=1
when TMR1

Enabled *

T1CKI=0

when TMR1
Enabled *

Note 1: Arrows indicate counter increments.

rising edge of the clock.

2: In Counter mode, a falling edge must be registered by the counter prior to the first incrementing
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REGISTER 6-1:

bit 7

bit 6

bit 5-4

bit 3

bit 2

bit 1

bit 0

T1CON - TIMER1 CONTROL REGISTER (ADDRESS: 10h)
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 ‘ T1GE |TlCKPSl | T1CKPSO | T1O0SCEN ‘ T1ISYNC | TMRI1CS | TMR1ON |
bit 7 bit 0

T1GINV: Timerl Gate Invert bit()

1 = Timerl gate is inverted
0 = Timerl gate is not inverted

T1GE: Timerl Gate Enable bit®?
If TMR1ON = 0:

This bit is ignored.

IfTMRION =1:

1 = Timerl gate is enabled

0 = Timerl gate is disabled

T1CKPS<1:0>: Timerl 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

T10OSCEN: LP Oscillator Enable Control bit

If INTOSC without CLKO oscillator is active:

1 = LP oscillator is enabled for Timerl clock

0 = LP oscillator is off

Else:

This bit is ignored.

T1SYNC: Timerl External Clock Input Synchronization Control bit
TMRICS = 1:

1 = Do not synchronize external clock input

0 = Synchronize external clock input

TMRICS = 0:

This bit is ignored. Timerl uses the internal clock.

TMRI1CS: Timerl Clock Source Select bit

1 = External clock from RC5/T1CKI/CCP1/SEG10 pin or TLOSC (on the rising edge)
0 = Internal clock (Fosc/4)

TMR1ON: Timerl On bit

1 = Enables Timerl

0 = Stops Timerl

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

2: T1GE bit must be set to use either T1G pin or C20UT, as selected by the T1GSS
bit (CMCON1<1>), as a Timerl gate source.

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
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6.5 Timerl Operation in
Asynchronous Counter Mode

If control bit TLISYNC (T1CON<2>) 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 Timerl in
Asynchronous Counter Mode”).

Note: The ANSEL (91h) and CMCONO (9Ch)
registers must be initialized to configure an
analog channel as a digital input. Pins

configured as analog inputs will read ‘0.

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 timer register.

Reading the 16-bit value requires some care.
Examples in the “PICmicro® Mid-Range MCU Family
Reference Manual” (DS33023) show how to read and
write Timerl when it is running in Asynchronous mode.

6.6 TIMER1 OSCILLATOR

To minimize the multiplexing of peripherals on the I/O
ports, the dedicated TMR1 oscillator, which is normally
used for TMR1 real-time clock applications, is eliminated.
Instead, the TMR1 module can enable the LP oscillator.

If the microcontroller is programmed to run from
INTOSC with no CLKO or LP oscillator:

1. Setting the TIOSCEN and TMRI1CS bits to ‘1’
will enable the LP oscillator to clock TMR1 while
the microcontroller is clocked from either the
INTOSC or LP oscillator. Note that the T1OSC
and LP oscillators share the same circuitry.
Therefore, when LP oscillator is selected and
T10SC is enabled, both the microcontroller and
the Timerl module share the same clock
source.

2. Sleep mode does not shut off the LP oscillator
operation (i.e., if the INTOSC oscillator runs the
microcontroller, and TLOSCEN = 1 (TMR1 is
running from the LP oscillator), then the LP
oscillator will continue to run during Sleep mode.

In all oscillator modes except for INTOSC with no
CLKOUT and LP, the T1OSC enable option is unavail-
able and is ignored.

Note: When INTOSC without CLKO oscillator is
selected and T10SCEN = 1, the LP
oscillator will run continuously independent
of the TMR1ON bit.

6.7 Resetting Timerl Using a CCP
Trigger Output
If the CCP1 or CCP2 module is configured in Compare

mode to generate a “special event trigger”
(CCP1M<3:0> = 1011), this signal will reset Timer1.

Note:  The special event triggers from the CCP1
and CCP2 modules will not set interrupt

flag bit, TMR1IF (PIR1<0>).

Timerl must be configured for either Timer or Synchro-
nized Counter mode to take advantage of this feature.
If Timerl is running in Asynchronous Counter mode,
this Reset operation may not work.

In the event that a write to Timerl coincides with a
special event trigger from CCP1 or CCP2, the write will
take precedence.

In this mode of operation, the CCPRxH:CCPRXL register
pair effectively becomes the period register for Timerl.
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6.8 Resetting of Timerl Register Pair
(TMR1H, TMR1L)

TMR1H and TMRLL registers are not reset to 00h on a
POR, or any other Reset, except by the CCP1 and
CCP2 special event triggers.

T1CON register is reset to 00h on a Power-on Reset,
or a Brown-out Reset, which shuts off the timer and
leaves a 1:1 prescale. In all other Resets, the register
is unaffected.

6.9 Timerl Operation During Sleep

Timerl 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:

e Timerl must be on (TLCON<0>)

¢ TMRL1IE bit (PIE1<0>) must be set

« PEIE bit (INTCON<6>) must be set

The device will wake-up on an overflow. If the GIE bit
(INTCON<7>) is set, the device will wake-up and jump
to the Interrupt Service Routine (0004h) on an overflow.

If the GIE bit is clear, execution will continue with the
next instruction.

TABLE 6-1: REGISTERS ASSOCIATED WITH TIMER1

value on Value on
Addr | Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 all other

POR, BOR

Resets

0Bh/ |INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF {0000 000x[0000 000x
8Bh
0Ch |PIR1 EEIF ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF {0000 0000|0000 0000
OEh |[TMR1L |Holding Register for the Least Significant Byte of the 16-bit TMR1 Register XXXX XXXX|uuuu uuuu
OFh TMR1H |Holding Register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX|uuuu uuuu
10h |[TICON |T1GINV| T1GE |T1CKPS1|T1CKPSO|T1O0SCEN|T1SYNC|TMR1CS|TMR1ON|0000 0000 |uuuu uuuu
1Ah  |[CMCON1 — — — — — — T1GSS |C2SYNC |---- -- 10(---- -- 10
8Ch |PIE1 EEIE ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE {0000 0000|0000 0000
Legend: x =unknown, u=unchanged, - = unimplemented, read as ‘0’. Shaded cells are not used by the Timerl module.
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7.0 TIMER2 MODULE

The Timer2 module timer has the following features:

« 8-bit timer (TMR2 register)

 8-bit period register (PR2)

» Readable and writable (both registers)

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

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

« Interrupt on TMR2 match with PR2

Timer2 has a control register shown in Register 7-1.
TMR2 can be shut-off by clearing control bit TMR20N
(T2CON<2>) to minimize power consumption.
Figure 7-1 is a simplified block diagram of the Timer2

module. The prescaler and postscaler selection of
Timer2 are controlled by this register.

REGISTER 7-1:
uU-0 R/W-0 R/W-0

7.1 Timer2 Operation

Timer2 can be used as the PWM time base for the
PWM mode of the CCP module. The TMR2 register is
readable and writable, and is cleared on any device
Reset. The input clock (Fosc/4) has a prescale option
of 1:1, 1:4 or 1:16, selected by control bits T2CKPSx
(T2CON<1:0>). The match output of TMR2 goes
through a 4-bit postscaler (which gives a 1:1 to 1:16
scaling inclusive) to generate a TMR2 interrupt (latched
in flag bit TMR2IF, (PIR1<1>)).

The prescaler and postscaler counters are cleared

when any of the following occurs:

« A write to the TMR2 register

* A write to the T2CON register

« Any device Reset (Power-on Reset, MCLR Reset,
Watchdog Timer Reset, or Brown-out Reset)

TMR2 is not cleared when T2CON is written.

T2CON — TIMER2 CONTROL REGISTER (ADDRESS: 12h)
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

| — |TouTPs3 | TOUTPS2 | TOUTPSL | TOUTPSO | TMR2ON | T2CKPSL | T2CKPSO

bit 7

bit 7 Unimplemented: Read as ‘0’

bit 0

bit 6-3 TOUTPS<3:0>: Timer2 Output Postscale Select bits

0000 =1:1 Postscale
0001 =1:2 Postscale

1111 =1:16 Postscale
bit 2 TMR2ON: Timer2 On bit

1= Timer2ison
0 = Timer2 is off

bit 1-0 T2CKPS<1:0>: Timer2 Clock Prescale Select bits

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

Legend:
R = Readable bit
- n =Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared X = Bit is unknown
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7.2 Timer2 Interrupt 7.3 Timer2 Output

The Timer2 module has an 8-bit period register, PR2. The output of TMR2 (before the postscaler) is fed to the
Timer2 increments from 00h until it matches PR2 and SSP module, which optionally uses it to generate the
then resets to 00h on the next increment cycle. PR2 is shift clock.

a readable and writable register. The PR2 register is
initialized to FFh upon Reset.

FIGURE 7-1: TIMER2 BLOCK DIAGRAM
Sets Flag
o%ﬁ?n bit TMR2IF
A
Fosc/a Prescaler Reset
os¢ 11,14, 1:16
} 2 _ | Postscaler
EQ | 1i1to1:16
T2CKPS<1:0>

b

TOUTPS<3:0>

Note 1: TMR2 register output can be software selected by the SSP module as a baud clock.

TABLE 7-1: REGISTERS ASSOCIATED WITH TIMER2

Value on Value on
Addr Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 all other

POR, BOR

Resets

0Bh/ INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000x
8Bh
0Ch PIR1 EEIF ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF | 0000 0000 [ 0000 0000
11h TMR2 Holding Register for the 8-bit TMR2 Register 0000 0000 | 0000 0000
12h T2CON — TOUTPS3 | TOUTPS2 | TOUTPS1 | TOUTPSO | TMR2ON | T2CKPS1 | T2CKPS0| -000 0000 [ -000 0000
8Ch PIE1 EEIE ADIE RCIE TXIE SSPIE CCP1IE | TMR2IE | TMRLIE | 0000 0000 | 0000 0000
92h PR2 Timer2 Period Register 1111 11111111 1111
Legend: x = unknown, u = unchanged, - = unimplemented, read as ‘0’. Shaded cells are not used by the Timer2 module.
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NOTES:
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8.0 COMPARATOR MODULE

The comparator module contains two analog
comparators. The inputs to the comparators are
multiplexed with 1/O port pins RA<3:0>, while the outputs
are multiplexed to pins RA<5:4>. An on-chip Comparator
Voltage Reference (CVREF) can also be applied to the

The CMCONO register (Register 8-1) controls the
comparator input and output multiplexers. A block
diagram of the various comparator configurations is
shown in Figure 8-3.

inputs of the comparators.

REGISTER 8-1:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2-0

CMCONO — COMPARATOR CONFIGURATION REGISTER (ADDRESS: 9Ch)
R-0 R-0 RW-0 RMW-0 RMW-0 RMW-0 RMW-0  RMW-0
c2ouT | ciout | cainv | cinv cs | cm2 | cmMi | cmo |
bit 7 bit 0

C20UT: Comparator 2 Output bit

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

C1OUT: Comparator 1 Output bit

When C1INV = 0:
1= C1VIN+ > C1 VIN-
0= C1VIN+ < C1lVIN-
When C1INV = 1:
0= C1VIN+>C1lVIN-
1= C1 VIN+ < C1l VIN-

C2INV: Comparator 2 Output Inversion bit

1 = C2 Output inverted
0 = C2 Output not inverted

C1INV: Comparator 1 Output Inversion bit
1 = C1 Output inverted
0 = C1 Output not inverted

CIS: Comparator Input Switch bit
When CM<2:0>=010:
1 = C1 VIN- connects to RA3/AN3/C1+/VREF+/SEG15
C2 VIN- connects to RA2/AN2/C2+/VREF-/COM2
0 = C1 VIN- connects to RAO/ANO/C1-/SEG12
C2 VIN- connects to RA1/AN1/C2-/SEG7
When CM<2:0> = 001:
1 = C1 VIN- connects to RA3/AN3/C1+/VREF+/SEG15
0 = C1 VIN- connects to RAO/ANO/C1-/SEG12
When CM<2:0>=101:
1 = C2 VIN+ connects to internal 0.6V reference
0 = C2 VIN+ connects to RA2/AN2/C2+/VREF-/COM2

CM<2:0>: Comparator Mode bits(?)
See Figure 8-3 for comparator modes and CM<2:0> bit settings.

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.

Legend:
R = Readable bit
- n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

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

© 2005 Microchip Technology Inc.
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8.1 Comparator Operation

A single comparator is shown in Figure 8-1 along with
the relationship between the analog input levels and
the digital output. When the analog input at VIN+ is less
than the analog input VIN-, the output of the comparator
is a digital low level. When the analog input at VIN+ is
greater than the analog input VIN-, the output of the
comparator is a digital high level. The shaded areas of
the output of the comparator in Figure 8-1 represent
the uncertainty due to input offsets and response time.

register.

Note: To use CIN+ and CIN- pins as analog
inputs, the appropriate bits must be
programmed in the CMCONO (9Ch)

The polarity of the comparator output can be inverted
by setting the CxINV bits (CMCONO0<5:4>). 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 CINV CxOuUT
VIN- > VIN+ 0 0
VIN- < VIN+ 0 1
VIN- > VIN+ 1 1
VIN- < VIN+ 1 0
FIGURE 8-2: ANALOG INPUT MODEL

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

8.2 Analog Input Connection
Considerations

A simplified circuit for an analog input is shown in
Figure 8-2. Since the analog pins are connected to a
digital output, they have reverse biased 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. Any external component
connected to an analog input pin, such as a capacitor
or a Zener diode, should have very little leakage.

VDD

VT = 0.6V RIC

Leakage
+500 nA

. CPIN = Input Capacitance
VT = Threshold Voltage

ILEAKAGE= Leakage Current at the pin due to various junctions

RIC = Interconnect Resistance
Rs = Source Impedance
VA = Analog Voltage

VT =0.6V #
L

Vss
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8.3 Comparator Configuration

There are eight modes of operation for the comparators.
The CMCONO register is used to select these modes.

Figure 8-3 shows the eight possible modes.

FIGURE 8-3:

If the Comparator mode is changed, the comparator
output level may not be valid for the specified mode

change delay shown in Section 19.0 “Electrical
Specifications”.

Note:

Comparator interrupts s
during a Comparator

Otherwise, a false interrupt may occur.

hould be disabled
mode change.

COMPARATOR I/0 OPERATING MODES

Comparators Reset (POR Default Value)
CM<2:0> =000

RAO/ANO/

Comparators Off
CM<2:0>=111

A VIN- [ RAO/ANO/ D VIN- [
C1-/SEG12 C1-/SEG12

C1>—— Off (Read as ‘0’ Cc1
RAZ/ANZ/ — A VIN*| ( ) RAZ/ANZ/ —D  gVINtI,
C1+/VREF+/SEG15 C1+/VREF+/SEG15
RAL/AN1/ A VIN- RA1/AN1/ D VIN-
C2-/SEG7 - C2-/SEG7T ~—— -

c2 Off (Read as ‘0’ c2

RA2/AN2/ A ViNg ( ) RA2/AN2/ __ D N
C2+/VREF-/ICOM2 C2+/VREF-ICOM2 =

Off (Read as ‘0’)

Off (Read as ‘0’)

Two Independent Comparators

Four Inputs Multiplexed to Two Comparators

CM<2:0> = 100 CM<2:0>= 010
RAO/ANO/ A
RAO/ANO/ A VIN- C1-/SEG12 — ° CIS=0 _ VIN-|>
C1-/SEG12 - RA3/AN3/ A _CIS=1
RA3/AN3/ A Vit CL clout C1+/VREF+/SEG15 ViN+| | C1>—C10UT
C1+/VREF+/SEG15
RALAN1 A |
RAL/ANL/ C2/SEGT g
C2-/SEGT A V- RA2IAN2I -0 CIS=1{ | cp>—co0uT
vint| €2 C20UT C2+/VREF-/COM2
RA2/AN2/ A IN*|
C2+/VREF-ICOM2 From CVREF Module
Two Common Reference Comparators Two Common Reference Comparators with Outputs
CM<2:0> =011 CM<2:0> =110
RAO/ANO/ A V- RAO/ANO/ A VIN- |~
- - C1-/SEG12
C1-/SEG12 5 el ci c10UT vine |, C1 ciout
RA3/AN3/ — +
C1+/VREF+/SEG15 RA4
RA1/AN1/
A VIN+|  C2 Cc20uUT RA2/AN2/ A VIN+ " C2 c20UT
RA2/AN2/ + C2+/VREF-/COM2
C2+/VREF-/COM2 RAS

One Independent Comparator with Reference Option
CM<2:0> =101

Three Inputs Multiplexed to Two Comparators
CM<2:0> =001

RAO/ANO/ D VIN- RAO/ANO/ A
C1-/SEG12 — - Off (Read as ‘0’ C1-/SEG12 — ©° _CIS=0  VIN-[>
RA3/AN3/ _D_ Vin+ + cl (Read as '0’) RA3/AN3/ A, Cis=1 c1 C10UT
C1+VREF+/ i C1+/VREF+/SEG15 VIN*|
SEG15 -
RA1/AN1/ VIN- RA1/AN1/ A VIN-
C2-/SEG7 — C2-ISEG7 -
RA2IAN2/ B0 cis=o vie|, C2 C20UT RA2AN2/ A Vin+| €2 >~ C20UT
C2+/VRer-l A, CIS=1 C2+/VREF-/COM2
COM2 RA5
Internal 0.6V reference
Legend:
A = Analog Input, port reads zeros always. D = Digital Input. CIS (CMCONO0<3>) is the computer Input Switch.
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FIGURE 8-4: COMPARATOR C1 OUTPUT BLOCK DIAGRAM
3—1¢E
35 3 C1INV
2 m
<
To C10UT pin
To Data Bus | Q D
Fl EN
RD CMCON
Set C1IF bit
\ Q D
EN b RD CMCON
CL
NReset
FIGURE 8-5: COMPARATOR C2 OUTPUT BLOCK DIAGRAM
— <
3 c
e —ir aF
3 = C2INV
T
7 Ik — L
— X<
C2SYNC U
To TMR1 — |
0
To C20UT pin ——¢
1 Q D
D,
Clock Source®
To Data Bus | Q D
Fl EN
RD CMCON
Set C2IF bit —G( Q D
\
EN »———————— RD CMCON
CL

Reset

Note 1: Comparator 2 output is latched on falling edge of T1 clock source.
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REGISTER 8-2: CMCON1 - COMPARATOR CONFIGURATION REGISTER (ADDRESS: 97h)
u-0 uU-0 uU-0 uU-0 uU-0 u-0 R/W-1 R/W-0
— — — — — | — ] Tiess |casync |
bit 7 bit 0
bit 7-2: Unimplemented: Read as ‘0’
bit 1 T1GSS: Timerl Gate Source Select bit

1 = Timerl gate source is T1G pin (RC4 must be configured as digital input)
0 = Timerl gate source is Comparator 2 Output

bit 0 C2SYNC: Comparator 2 Synchronize bit

1 = C2 output synchronized with falling edge of Timerl clock
0 = C2 output not synchronized with Timerl clock

Legend:
R = Readable bit
- n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

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

8.4 Comparator Outputs

The comparator outputs are read through the
CMCONO register. These bits are read-only. The
comparator outputs may also be directly output to the
RA4 and RAS5 I/0O pins. When enabled, multiplexers in
the output path of the RA4 and RAS5 pins will switch
and the output of each pin will be the unsynchronized
output of the comparator. The uncertainty of each of
the comparators is related to the input offset voltage
and the response time given in the specifications.
Figure 8-4 and Figure 8-5 show the output block
diagram for Comparator 1 and 2.

The TRIS bits will still function as an output
enable/disable for the RA4 and RA5 pins while in this
mode.

The polarity of the comparator outputs can be changed
using the C1INV and C2INV bits (CMCONO0<5:4>).

Timerl gate source can be configured to use the T1G
pin or Comparator 2 output as selected by the T1GSS
bit (CMCON1<1>). This feature can be used to time
the duration or interval of analog events. The output of
Comparator 2 can also be synchronized with Timerl
by setting the C2SYNC bit (CMCON1<0>). When
enabled, the output of Comparator 2 is latched on the
falling edge of Timerl clock source. If a prescaler is
used with Timerl, Comparator 2 is latched after the
prescaler. To prevent a race condition, the Comparator
2 output is latched on the falling edge of the Timerl
clock source and Timerl increments on the rising edge
of its clock source. See (Figure 8-5), Comparator 2
Block Diagram and (Figure 6-1), Timerl Block
Diagram for more information.

It is recommended to synchronize Comparator 2 with
Timerl by setting the C2SYNC bit when Comparator 2
is used as the Timerl gate source. This ensures Timerl
does not miss an increment if Comparator 2 changes
during an increment.

8.5 Comparator Interrupts

The comparator interrupt flags are set whenever there is
a change in the output value of its respective comparator.
Software will need to maintain information about the
status of the output bits, as read from CMCONO0<7:6>, to
determine the actual change that has occurred. The CxIF
bits, PIR2<6:5>, are the Comparator Interrupt flags. This
bit must be reset in software by clearing it to ‘0’. Since it
is also possible to write a ‘1’ to this register, a simulated
interrupt may be initiated.

The CxIE bits (PIE2<6:5>) and the PEIE bit
(INTCON<6>) must be set to enable the interrupts. In
addition, the GIE bit must also be set. If any of these
bits are cleared, the interrupt is not enabled, though the
CxIF bits 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.

b) Clear flag bit CxIF

A mismatch condition will continue to set flag bit CxIF.
Reading CMCONO will end the mismatch condition and
allow flag bits CxIF to be cleared.

Note: If a change in the CMCONO register
(CxOUT) should occur when a read
operation is being executed (start of the Q2
cycle), then the CxIF (PIR2<6:5>) interrupt
flag may not get set.

© 2005 Microchip Technology Inc.
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8.6 Comparator Reference

The comparator module also allows the selection of an
internally generated voltage reference for one of the
comparator inputs. The VRCON register, Register 8-3,
controls the voltage reference module shown in
Figure 8-6.

8.6.1 CONFIGURING THE VOLTAGE
REFERENCE

The voltage reference can output 32 distinct voltage
levels; 16 in a high range and 16 in a low range.

The following equation determines the output voltages:

EQUATION 8-1:

VRR = 1 (low range): CVRer = (VR3:VR0/24) x VDD
VRR = 0 (high range):
CVReF = (VDD/4) + (VR3:VRO x VDD/32)

8.6.2 VOLTAGE REFERENCE
ACCURACY/ERROR

The full range of Vss to VDD cannot be realized due to
the construction of the module. The transistors on the
top and bottom of the resistor ladder network
(Figure 8-6) keep CVREF from approaching Vss or
VDD. The exception is when the module is disabled by
clearing the VREN bit (VRCON<7>). When disabled,
the reference voltage is Vss when VR<3:0> = 0000.
This allows the comparators to detect a zero-crossing
and not consume CVREF module current.

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

VREN
] }—<EVR <3:0>='0000’
VRR

FIGURE 8-6: COMPARATOR VOLTAGE REFERENCE BLOCK DIAGRAM
16 Stages
8R R R R R
VDD | ] - 0o 00 o \\/\ N\, *
8R " J—VRR
16-1 Analog
MUX
VREN
CVREF to
Comparator «—e——
Input —
VR<3:0>
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8.7 Comparator Response Time

Response time is the minimum time, after selecting a
new reference voltage or input source, before the
comparator output is ensured to have a valid level. If
the internal reference is changed, the maximum delay
of the internal voltage reference must be considered
when using the comparator outputs. Otherwise, the
maximum delay of the comparators should be used
(Table 19-10).

8.8 Operation During Sleep

The comparators and voltage reference, if enabled
before entering Sleep mode, remain active during
Sleep. This results in higher Sleep currents than shown
in the power-down specifications. The additional
current consumed by the comparator and the voltage
reference is shown separately in the specifications. To
minimize power consumption while in Sleep mode, turn
off the comparator, CM<2:0> = 111, and voltage
reference, VRCON<7> = 0.

While the comparator is enabled during Sleep, an
interrupt will wake-up the device. If the GIE bit
(INTCON<T7>) is set, the device will jump to the inter-
rupt vector (0004h), and if clear, continues execution
with the next instruction. If the device wakes up from
Sleep, the contents of the CMCONO, CMCON1 and
VRCON registers are not affected.

8.9 Effects of a Reset

A device Reset forces the CMCONO, CMCON1 and
VRCON registers to their Reset states. This forces the
comparator module to be in the Comparator Reset
mode, CM<2:0> = 000 and the voltage reference to its
OFF state. Thus, all potential inputs are analog inputs
with the comparator and voltage reference disabled to
consume the smallest current possible.

© 2005 Microchip Technology Inc.
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REGISTER 8-3: VRCON — VOLTAGE REFERENCE CONTROL REGISTER (ADDRESS: 9Dh)
R/W-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
VREN — VRR — VR | VR2 | VR1 | VRO |
bit 7 bit 0
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 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
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
TABLE 8-2: REGISTERS ASSOCIATED WITH COMPARATOR MODULE
i i i i i B f . Value on Vvalue on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR all other
Resets
0Bh/8Bh | INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000x
0Dh PIR2 OSFIF C2IF ClIF LCDIF — LVDIF — CCP2IF | 0000 -0-0 | 0000 -0-0
9Ch CMCONO | C20UT | C1OUT | C2INV | C1INV cIs CcM2 CM1 CMO 0000 0000 | 0000 0000
97h CMCON1 — — — — — — T1GSS | C2SYNC | ---- -- 10 | ---- -- 10
85h TRISA TRISA7 | TRISA6 | TRISA5 | TRISA4 | TRISA3 | TRISA2 | TRISA1 | TRISAO | 1111 1111 | 1111 1111
8Dh PIE2 OSFIE C2IE ClIE LCDIE — LVDIE — CCP2IE | 0000 -0-0 | 0000 -0-0
9Dh VRCON VREN — VRR — VR3 VR2 VR1 VRO 0-0- 0000 | 0-0- 0000
Legend: x = unknown, u = unchanged, - = unimplemented, read as ‘0. Shaded cells are not used by the comparator or Comparator Voltage

Reference module.
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9.0 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 PIC16F914/917 devices (PIC16F914/917),
the module drives the panels of up to four commons and
up to 24 segments and in the PIC16F913/916 devices
(PIC16F913/916), the module drives the panels of up to
four commons and up to 16 segments. It 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

- 1/2 multiplex

- 1/3 multiplex

- 1/4 multiplex

e Upto 24 (in PIC16F914/917 devices)/16 (in
PIC16F913/916 devices) segments

* Static, 1/2 or 1/3 LCD Bias
The module has 32 registers:

e LCD Control Register (LCDCON)
* LCD Phase Register (LCDPS)

e Three LCD Segment Enable Registers
(LCDSE<2:0>)

* 24 LCD Data Registers (LCDDATA<11:0>)

The LCDCON register, shown in Register 9-1, controls

the operation of the LCD driver module. The LCDPS

register, shown in Register 9-2, configures the LCD

clock source prescaler and the type of waveform;

Type-A or Type-B. The LCDSE<2:0> registers configure

the functions of the port pins:

 LCDSEO SE<7:0>

« LCDSE1 SE<15:8>

« LCDSE2 SE<23:16>

As an example, LCDSERn is detailed in Register 9-3.

Note:  The LCDSEZ2 register is not implemented
in PIC16F913/916 devices.

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:

« LCDDATAO SEG7COMO0:SEGOCOMO

« LCDDATA1 SEG15COMO0:SEG8COMO
 LCDDATA2 SEG23COMO0:SEG16COMO
 LCDDATA3 SEG7COM1:SEGOCOM1
 LCDDATA4 SEG15COM1:SEG8COM1
 LCDDATAS SEG23COM1:SEG16COM1

« LCDDATA6 SEG7COM2:SEGOCOM2
 LCDDATA7 SEG15COM2:SEG8COM2

* LCDDATA8 SEG23COM2:SEG16COM2
 LCDDATA9 SEG7COM3:SEGOCOM3

+ LCDDATA10 SEG15COM3:SEG8COM3

+ LCDDATA11 SEG23COM3:SEG16COMS3

As an example, LCDDATAX is detailed in Register 9-4.

Once the module is configured, the LCDEN
(LCDCON<T7>) hit is used to enable or disable the LCD
module. The LCD panel can also operate during Sleep
by clearing the SLPEN (LCDCON<6>) hit.

Note: Writing into the registers LCDDATAZ2,
LCDDATA5, LCDDATA8 and LCDDATA11
in PIC16F913/916 devices will not affect the
status of any pixel and these registers can
be used as General Purpose Registers.

© 2005 Microchip Technology Inc.
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FIGURE 9-1: LCD DRIVER MODULE BLOCK DIAGRAM
\
96
LCDDATAX .
Data Bus Registers to SEG<23:0> !
12x8 24 :ﬁD To I/0 Pads®

T

Timing Control

LCDCON

COM<3:0>
LCDPS ————> Tol/O Pads®
LCDSEnN

Fosc/8192
Clock Source
M Select and
Prescaler

LFINTOSC/32

Note 1: These are not directly connected to the I/O pads. See Section 3.0 “I/O Ports” for more detail.
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REGISTER 9-1:

bit 7

bit 6

bit 5

bit 4

bit 3-2

bit 1-0

LCDCON-LIQUIDCRYSTAL DISPLAY CONTROL REGISTER (ADDRESS: 107h)

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| cCS1 cso | Lmuxi | LMuxo |
bit 7 bit 0
LCDEN: LCD Driver Enable bit
1 = LCD driver module is enabled
0 = LCD driver module is disabled
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
WERR: LCD Write Failed Error bit
1 = LCDDATAX register written while LCDPS<WA> = 0 (must be cleared in software)
0 = No LCD write error
VLCDEN: LCD Bias Voltage Pins Enable bit
1 = VLCD pins are enabled
0 = VLCD pins are disabled
CS<1:0>: Clock Source Select bits
00 = Fosc/8192
01 = T10SC (Timer1)/32
1x = LFINTOSC (31 kHz)/32
LMUX<1:0>: Commons Select bits
Maximum Maximum
LMUX<1:0> Multiplex Number of Pixels | Number of Pixels Bias
(PIC16F913/916) | (PIC16F914/917)
00 Static (COMO0) 16 24 Static
01 1/2 (COM<1:0>) 32 48 1/2 or 1/3
10 1/3 (COM<2:0>) 48 72 1/2 or 1/3
11 1/4 (COM<3:0>) 60 96 1/3
Note 1: On PIC16F913/916 devices, COM3 and SEG15 are shared on one pin, limiting the

device from driving 64 pixels.

Legend:
R = Readable bit

C = Only clearable bit
- n = Value at POR

W = Writable bit
‘1’ = Bit is set

‘0’ = Bitis cleared

U = Unimplemented bit, read as ‘0’

X = Bit is unknown

© 2005 Microchip Technology Inc.
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REGISTER 9-2: LCDPS — LCD PRESCALER SELECT REGISTER (ADDRESS: 108h)

RW-0  R/W-0 R-0 R-0 RW-0  RMW-0  RMW-0  RM-O
WFT | BIASMD | LCDA WA | 3 | P2 | LPL | LPO
bit 7 bit 0
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 type)

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 =17

0101 =1:6

0100 =15

0011 =14

0010 =1:3

0001 =1:2

0000 =1:1

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
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REGISTER 9-3: LCDSEn —LCD SEGMENT REGISTERS (ADDRESS: 11Ch, 11Dh OR 11Eh)
RW-0 RW-0 RW-O RWO RW-O0 RWO0 RWO RWO
SEn SEn SEn SEn | SEn SEn SEn | SEn
bit 7 bit 0
bit 7-0 SEn: Segment Enable bits

1 = Segment function of the pin is enabled
0 = 1/O function of the pin is enabled

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

REGISTER 9-4: LCDDATAXx —LCD DATA REGISTERS (ADDRESS: 110h-119h, 11Ah, 11Bh)
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

R/IW-0
SEGx- | SEGx- | SEGx- | SEGx- | SEGx- | SEGx- | SEGx- | SEGx-
COMy | COMy | COMy | COMy | COMy | COMy | COMy | COMy

bit 7 bit 0

bit 7-0 SEGx-COMy: Pixel On bits

1 = Pixel on (dark)
0 = Pixel off (clear)

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
© 2005 Microchip Technology Inc. Prelimin ary
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9.1 LCD Clock Source Selection

The LCD driver module has 3 possible clock sources:

* FOosc/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, LCDPS<3:0>, are used to set the
LCD frame clock rate.

The second clock source is the TIOSC/32. This also
gives about 1 kHz when a 32.768 kHz crystal is used
with the Timerl oscillator. To use the Timer1 oscillator
as a clock source, the TIOSCEN (T1CON<3>) bhit
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 the bits, CS<1:0> (LCDCON<3:2>), any of these
clock sources can be selected.

9.11 LCD PRESCALER

A 16-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 (LCDPS<3:0>), which
determine the prescaler assignment and prescale ratio.

The prescale values from 1:1 through 1:16.

9.2 LCD Bias Types

The LCD driver module can be configured into three

bias types:

 Static Bias (2 voltage levels: Vss and VDD)

« 1/2 Bias (3 voltage levels: Vss, 1/2 VbD 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
Bias 1 pin, Bias 2 pin, Bias 3 pin and Vss. The Bias 3
pin should also be connected to VDD.

Figure 9-2 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 LCDCON<4>, the VLCDEN bit,

(see Register 9-1).

FIGURE 9-2: LCD BIAS RESISTOR LADDER CONNECTION DIAGRAM
Static 145 ias | 1/3 Bias
Bias
Viep 0 Vss Vss Vss
VLcD 3 1o Viep 1 = 1/2 Vop | 1/3 VbD
xLCD i LCD | vicp 2 — 1/2 Vop | 2/3 VDD
e Driver ViLeD 3 VDD VDD VDD

J» viep oW

LCD Bias 1

LCD Bias3 |LCD Bias 2 Connections for External R-ladder

\VDD* Static Bias
VDD* 10kQ* ' 10 KO %7 1/2 Bias
: : i Vss
Dy YD SEDYVA |
VoD* 10kQ* | 10KQ* ' 10KkQ* %7 1/3 Bias
' : ! Vss

* These values are provided for design guidance only and should be optimized for the application by the
designer.

Note 1: Internal connection.
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9.3 LCD Multiplex Types

The LCD driver module can be configured into four

multiplex types:

« Static (only COMO used)

e 1/2 multiplex (COMO and COML1 are used)

¢ 1/3 multiplex (COMO, COM1 and COM2 are used)

¢ 1/4 multiplex (all COM0O, COM1, COM2 and COM3
are used)

The LMUX<1:0> setting decides the function of RB5,
RA2 or either RA3 or RDO pins (see Table 9-1 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>

9.6 LCD Frame Frequency

The rate at which the COM and SEG outputs change is
called the LCD frame frequency.

TABLE 9-2: 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))

bits are ‘11'.

TABLE 9-1: RA3, RA2, RB5 FUNCTION
"M,Ux RA3/RDOM RA2 RB5
<1:0>

00 Digital I/O Digital I/O Digital I/O

01 Digital I/O Digital /O | COML Driver

10 Digital I/O | COM2 Driver | COML1 Driver

11 COM3 Driver | COM2 Driver | COML1 Driver
Note 1: RA3 for PIC16F913/916, RDO for

PIC16F914/917

9.4 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 setto ‘1".

If the pin is a digital 1/0O, 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/O.

9.5 Pixel Control

The LCDDATAX registers contain bits which define the
state of each pixel. Each bit defines one unique pixel.

Register 9-4 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.

Note: Clock source is Fosc/8192, T10SC/32 or
LFINTOSC/32.
TABLE 9-3: APPROXIMATE FRAME
FREQUENCY (IN Hz) USING
Fosc @ 8 MHz, TIMER1 @
32.768 kHz OR INTOSC

LP<3:0> Static 1/2 1/3 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

© 2005 Microchip Technology Inc.
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FIGURE 9-3: LCD CLOCK GENERATION
o L
Fosc—+8192
8888
T10SC 32 kHz T T T T
Crystal Osc. 4-bit Prog Presc I— R;llg (ZZ,O?J'nLtler

! !

LP<3:0>

. LMUX<1:0>
¢ (LCDPS<3:0>) (LCDCON<1:0>)

LFINTOSC .
Nom FrRc = 31 kHz

)

CS<1:0> LMUX<1:0>
(LCDCON<3:2>) (LCDCON<1:0>)
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LCD SEGMENT MAPPING WORKSHEET

FIGURE 9-4:
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9.7 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 compo-
nent 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.

FIGURE 9-5:

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 enabled (LCDCON<SLPEN> is
‘1"), then care must be taken to execute
Sleep only when VbDc 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 Vbc

on all pixels is ‘0’ when Sleep is executed.

Figure 9-5 through Figure 9-15 provide waveforms for
static, half-multiplex, one-third-multiplex  and
quarter-multiplex drives for Type-A and Type-B
waveforms.

TYPE-A/TYPE-B WAVEFORMS IN STATIC DRIVE
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FIGURE 9-6: TYPE-A WAVEFORMS IN 1/2 MUX, 1/2 BIAS DRIVE
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