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MICROCHIP

PIC16F87/88

18/20/28-Pin Enhanced Flash M CUswith nanoWatt Technology

Low-Power Features:

* Power-Managed modes:
- Primary Run: RC oscillator, 76 pA, 1 MHz, 2V
- RC_RUN: 7 uA, 31.25 kHz, 2V
- SEC_RUN: 9 yA, 32 kHz, 2V
- Sleep: 0.1 pA, 2V
e Timerl Oscillator: 1.8 puA, 32 kHz, 2V
* Watchdog Timer: 2.2 uA, 2V
« Two-Speed Oscillator Start-up

Oscillators:

» Three Crystal modes:
- LP, XT, HS: up to 20 MHz
e Two External RC modes
« One External Clock mode:
- ECIO: up to 20 MHz
« Internal oscillator block:

- 8 user selectable frequencies: 31 kHz,
125 kHz, 250 kHz, 500 kHz, 1 MHz, 2 MHz,
4 MHz, 8 MHz

Peripheral Features:

» Capture, Compare, PWM (CCP) module:

- Capture is 16-bit, max. resolution is 12.5 ns
- Compare is 16-bit, max. resolution is 200 ns
- PWM max. resolution is 10-bit

« 10-bit, 7-channel Analog-to-Digital Converter

e Synchronous Serial Port (SSP) with SPI™
(Master/Slave) and 12C™ (Slave)

« Addressable Universal Synchronous
Asynchronous Receiver Transmitter
(AUSART/SCI) with 9-bit address detection:

- RS-232 operation using internal oscillator
(no external crystal required)
e Dual Analog Comparator module:
- Programmable on-chip voltage reference
- Programmable input multiplexing from device
inputs and internal voltage reference
- Comparator outputs are externally accessible

Pin Diagram

18-Pin PDIP, SOIC

RA2/AN2/CVREF/
- [

VREF- 18[] <= RAL/AN1

RA3/AN3/VREF+/
C10UT <™ O2 17[] <> RAO/ANO
RA4/AN4/TOCKI/
co2ouT s 16[] <=— RA7/0SC1/CLKI
RA5/MCLR/VPP —» [ 4 ®Q 15 [1— RAB/OSC2/CLKO
LL
Vss —[]5 ‘G_>| 14[] -— VDD
O
@) = RB7/AN6/PGD/
RBO/INT/ICCPI® <=6 7 130 <> T70g
RB6/AN5/PGC/
RB1/SDI/SDA =[] 7 12[] - T10SOMT1CK]
RB2/SDO/RX/DT == [] 8 11[] <> RB5/SS/TX/CK
RB3/PGM/CCP1®D <[] 9 10[] <= RB4/SCK/SCL

Note 1: The CCP1 pin is determined by the CCPMX bit in

Configuration Word 1 register.

Special Microcontroller Features:
» 100,000 erase/write cycles Enhanced Flash
program memory typical

« 1,000,000 typical erase/write cycles EEPROM
data memory typical

 EEPROM Data Retention: > 40 years
* In-Circuit Serial Programming™ (ICSP™)
via two pins
» Processor read/write access to program memory
« Low-Voltage Programming
« In-Circuit Debugging via two pins
« Extended Watchdog Timer (WDT):
- Programmable period from 1 ms to 268s
* Wide operating voltage range: 2.0V to 5.5V

Program Memory Data Memory
. l[e} 10-bit CCP Timers
Device | Flash | #Single-Word | SRAM |EEPROM| pins | A/D (ch) | (Pwim) |AUSART| Comparators | SSP | g1 0
(bytes) | Instructions (bytes) | (bytes)
PIC16F87 | 7168 4096 368 256 16 N/A 1 Y 2 Y 2/1
PIC16F88 | 7168 4096 368 256 16 1 1 Y 2 Y 2/11

© 2005 Microchip Technology Inc.
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PIC16F87/88

Pin Diagrams

18-Pin PDIP, SOIC
RA2/AN2/CVREF <[] 1 U 18 [1 == RAL/AN1
RA3/AN3/C10UT <= [] 2 17 [1 <= RAO/ANO
RA4/TOCKI/C20UT <[] 3 ~ 16 [1 <> RA7/0OSC1/CLKI
RA5/MCLR/VPP —»-[ 4 i 15 [1 == RAB/0SC2/CLKO
Vss —=[]5 9 14 [] =— VDD
RBO/INT/CCP1Y) «»[] 6 é—f 13 [] <> RB7/PGD/T10SI
RB1/SDI/SDA == []7 12 [1 <= RB6/PGC/T10SO/TICKI
RB2/SDO/RX/DT <[] 8 11 [] <= RB5/SS/TX/CK
RB3/PGM/CCP1®) =[] g 10 [ == RB4/SCK/SCL
20-Pin SSOP
RA2/AN2ICVREF == []1  \/  20P == RALANL
RA3/AN3/C1OUT == [] 2 19 [1 <> RAO/ANO
RA4/TOCKI/C20UT == [ 3 ~ 18 [1 == RA7/0OSC1/CLKI
RA5/MCLRIVPP —» [ 4 @ 17 [1 <> RAB/OSC2/CLKO
Vss —[]5 [(e] 16 [] <-— VDD
Vss —»[]6 8 15 [] -— VDD
RBO/INT/CCP1Y) «» 7 o 14 [1 <> RB7/PGD/T10SI
RB1/SDI/SDA <»[]8 13 [] == RB6/PGC/T10SO/TICKI
RB2/SDO/RX/DT < [ 9 12 [1 <> RB5/SS/TX/CK
RB3/PGM/CCP1M «» 10 11 [] <> RB4/SCK/SCL
18-Pin PDIP, SOIC
RA2/AN2/CVREF/VREF- <[] 1 U 18 [1 == RA1/AN1
RA3/AN3/VREF+/C1OUT <[] 2 17 [1 <= RAO/ANO
RA4/AN4/TOCKI/C20UT =[] 3 o 16 [1 <= RA7/OSC1/CLKI
RAS5/MCLR/VPP —» [] 4 &8 15 [] <= RA6/0SC2/CLKO
Vss—»[]5 8 14 [] <— VDD
RBO/INT/CCP1Y) «»[]6 g 13 [1 <> RB7/AN6/PGD/T10SI
RB1/SDI/SDA <[ 7 12 [1 <> RB6/AN5/PGC/T10SO/TICKI
RB2/SDO/RX/DT <[] 8 11 [] <> RB5/SS/TX/CK
RB3/PGM/CCP1(M) =[] 9 10 [1 == RB4/SCK/SCL
20-Pin SSOP
RA2/AN2/CVREFIVREF- <=1 ./ 20 [] <> RAL/AN1
RA3/AN3/VREF+/C1OUT =[] 2 19 [1 <> RAO/ANO
RA4/AN4/TOCKI/C20UT <= [] 3 © 18 [1 =» RA7/OSC1/CLKI
RA5/MCLR1/VPP —» [] 4 o 17 [ <> RAB/OSC2/CLKO
Vss —[]5 © 16 [J <-— VDD
Vss —»[]6 8 15 [] -— VDD
RBO/INT/CCP1W «» [ 7 o 14 [] <> RB7/AN6/PGD/T10SI
RB1/SDI/SDA <»[]8 13 [J <> RBB/AN5/PGC/T10SO/T1CKI
RB2/SDO/RX/DT <[] 9 12 [ <> RB5/SS/TX/CK
RB3/PGM/CCP1M) «» 10 11 [ <» RB4/SCK/SCL
Note 1: The CCPL1 pin is determined by the CCPMX bit in Configuration Word 1 register.
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PIC16F87/88

Pin Diagrams (Cont’d)

21
20
19
18

[] <—= RA7/OSC1/CLKI

[1 <—= RAG6/0SC2/CLKO

[1 <-— VDD

ol NC

[1<— VDD

[1 <—= RB7/PGD/T10SI

[1 <«— RB6/PGC/T10SO/T1CKI

Note 1:

5
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. N O &
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[

[1 <—= RA7/OSC1/CLKI

[1<—= RA6/0SC2/CLKO

[1 <-— VDD

NC

[1<— VDD

[1<—>= RB7/AN6/PGD/T10SI

[] <—> RB6/AN5/PGC/T10SO/T1CKI

The CCPL1 pin is determined by the CCPMX bit in Configuration Word 1 register.
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PIC16F87/88
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TO OUR VALUED CUSTOMERS

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

If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via
E-mail at docerrors@microchip.com or fax the Reader Response Form in the back of this data sheet to (480) 792-4150. We
welcome your feedback.

Most Current Data Sheet

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

You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.
The last character of the literature number is the version number, (e.g., DS30000A is version A of document DS30000).

Errata

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

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

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

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

Customer Notification System

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

DS30487C-page 4 © 2005 Microchip Technology Inc.




PIC16F87/88

1.0 DEVICE OVERVIEW

This document contains device specific information for
the operation of the PIC16F87/88 devices. Additional
information may be found in the “PICmicro® Mid-Range
MCU Family Reference Manual” (DS33023) which may
be downloaded from the Microchip web site. This
Reference Manual should be considered a comple-
mentary 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 PIC16F87/88 belongs to the Mid-Range family of
the PICmicro® devices. Block diagrams of the devices
are shown in Figure 1-1 and Figure 1-2. These devices
contain features that are new to the PIC16 product line:

* Low-power modes: RC_RUN allows the core and
peripherals to be clocked from the INTRC, while
SEC_RUN allows the core and peripherals to be
clocked from the low-power Timerl. Refer to
Section 4.7 “Power-Managed Modes” for
further details.

« Internal RC oscillator with eight selectable
frequencies, including 31.25 kHz, 125 kHz,
250 kHz, 500 kHz, 1 MHz, 2 MHz, 4 MHz and
8 MHz. The INTRC can be configured as a
primary or secondary clock source. Refer to
Section 4.5 “Internal Oscillator Block” for
further details.

e The Timerl module current consumption has
been greatly reduced from 20 pA (previous PIC16
devices) to 1.8 pA typical (32 kHz at 2V), which is
ideal for real-time clock applications. Refer to
Section 7.0 “Timer1 Module” for further details.

« Extended Watchdog Timer (WDT) that can have a
programmable period from 1 ms to 268s. The
WDT has its own 16-bit prescaler. Refer to
Section 15.12 “Watchdog Timer (WDT)” for
further details.

» Two-Speed Start-up: When the oscillator is
configured for LP, XT or HS Oscillator mode, this
feature will clock the device from the INTRC while
the oscillator is warming up. This, in turn, will
enable almost immediate code execution. Refer
to Section 15.12.3 “Two-Speed Clock Start-up
Mode” for further details.

 Fail-Safe Clock Monitor: This feature will allow the
device to continue operation if the primary or
secondary clock source fails by switching over to
the INTRC.

e The A/D module has a new register for PIC16
devices named ANSEL. This register allows
easier configuration of analog or digital I/O pins.

TABLE 1-1: AVAILABLE MEMORY IN
PIC16F87/88 DEVICES
Device Program Data Data
Flash Memory EEPROM

PIC16F87/88| 4K x 14 368 x 8 256 x 8

There are 16 1/O pins that are user configurable on a
pin-to-pin basis. Some pins are multiplexed with other
device functions. These functions include:

« External Interrupt

* Change on PORTB Interrupt

e Timer0 Clock Input

* Low-Power Timerl Clock/Oscillator

« Capture/Compare/PWM

e 10-bit, 7-channel A/D Converter (PIC16F88 only)

« SPI™/|2C™

« Two Analog Comparators

e AUSART

« MCLR (RAB) can be configured as an input

Table 1-2 details the pinout of the devices with
descriptions and details for each pin.

© 2005 Microchip Technology Inc.
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PIC16F87/88

FIGURE 1-1: PIC16F87 DEVICE BLOCK DIAGRAM
Flash rogram Counter RAG/ANOD
Program RAL/AN1
Memory RAM +«— RA2/AN2/CVREF
8 Level Stack File — RA3/AN3/C10OUT
4K x 14 (13-bit) ! RA4/TOCKI/C20UT
Rgzg;s;egs RA5/MCLR/VPP
RAB/0SC2/CLKO
Program 14 RAM Addr® 2y o RA7/OSC1/CLKI
d
| : Addr MUX PORTE
nstruction reg RBO/INT/CCP1@)
H Direct Addr 7 ﬁ Indirect RB1/SDI/SDA
RB2/SDO/RX/DT
N RB3/PGM/CCP1?)
T +—=[X| RB4/SCK/SCL
RB5/SS/TX/CK
8 RB6/PGC/T10SO/T1CKI
RB7/PGD/T10SI
Power-up 3
Timer
Instruction Oscillator
Decode & Start-up Timer
Control ALU
Power-on
Reset 8
Timing Watchdog
m Generation <= Timer
OSC1/CLKI Brown-out
OSC2/CLKO Reset
RA5/MCLR VDD, Vss
Timer2 Timerl Timer0 SSP
Data EE
AUSART CCP1 256 Bytes Comparators
Note 1: Higher order bits are from the STATUS register.

2:  The CCP1 pin is determined by the CCPMX bit in Configuration Word 1 register.

DS30487C-page 6
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PIC16F87/88

FIGURE 1-2: PIC16F88 DEVICE BLOCK DIAGRAM
13 Data Bus 8 PORTA
Flash «_ RAO/ANO
Program RA1/AN1
Memory RAM RA2/AN2/CVREF/VREF-
8 Level Stack Fil — RA3/AN3/VREF+/C1OUT
4K x 14 (13-bit) Re i's‘iers +—{X]| RA4/AN4/TOCKI/C20UT
9 RAS/MCLR/VPP
Program 368x8 RAB/OSC2/CLKO
B‘is 14 RAM Addr® RA7/0SC1/CLKI
\/ PORTB
Instruction reg RBO/INT/CCP1®
H Direct Addr 7 Indirect RB1/SDI/SDA
Addr RB2/SDO/RX/DT
L | RB3/PGM/CCP1?)
RB4/SCK/SCL
RB5/SS/TX/CK
s - RB6/AN5/PGC/T10SO/T1CKI
RB7/AN6/PGD/T10SI
Power-up 3
Timer
Instruction Oscillator
Decode & Start-up Timer ALU
Control P
ower-on
Reset 8
Timing Watchdog
&Q:D Generation [ Timer
OSC1/CLKI Brown-out
0OSC2/CLKO Reset
RA5/MCLR VDD, Vss
Timer2 Timerl Timer0 10-bit A/ID = SSP
Data EE
AUSART CCP1 256 Bytes Comparators
Note 1: Higher order bits are from the STATUS register.

2:

The CCPL1 pin is determined by the CCPMX bit in Configuration Word 1 register.

© 2005 Microchip Technology Inc.
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PIC16F87/88

TABLE 1-2: PIC16F87/88 PINOUT DESCRIPTION
. PDIP/ SSOP | QFN | l/O/P Buffer _—
Pin Name SolIC . A Description
) Pin# | Pin# | Type Type
Pin#
PORTA is a bidirectional 1/0 port.
RAO/ANO 17 19 23
RAO 110 TTL Bidirectional 1/O pin.
ANO | Analog Analog input channel 0.
RA1/AN1 18 20 24
RA1 1/0 TTL Bidirectional I/O pin.
AN1 | Analog Analog input channel 1.
RA2/AN2/CVREF/VREF- 1 1 26
RA2 110 TTL Bidirectional 1/O pin.
AN2 | Analog Analog input channel 2.
CVREF (0] Comparator VREF output.
VREF-(®) | Analog A/D reference voltage (Low) input.
RA3/AN3/VREF+/C1OUT 2 2 27
RA3 110 TTL Bidirectional 1/O pin.
AN3 | Analog Analog input channel 3.
VReF+() | Analog A/D reference voltage (High) input.
ClouT (0] Comparator 1 output.
RA4/AN4/TOCKI/C20UT 3 3 28
RA4 110 ST Bidirectional 1/O pin.
AN4®) | Analog Analog input channel 4.
TOCKI | ST Clock input to the TMRO timer/counter.
C20UT (0] Comparator 2 output.
RA5/MCLR/VPP 4 4 1
RA5 | ST Input pin.
MCLR | ST Master Clear (Reset). Input/programming voltage
input. This pin is an active-low Reset to the device.
VPP P - Programming voltage input.
RA6/0SC2/CLKO 15 17 20
RA6 1/0 ST Bidirectional /O pin.
0SsC2 (@] - Oscillator crystal output. Connects to crystal or
resonator in Crystal Oscillator mode.
CLKO (@] - In RC mode, this pin outputs CLKO signal which has
1/4 the frequency of OSC1 and denotes the
instruction cycle rate.
RA7/0SC1/CLKI 16 18 21
RA7 110 ST Bidirectional 1/O pin.
osc1 I |sTicMOs®) Oscillator crystal input.
CLKI | - External clock source input.
Legend: | = Input O = Output /0 = Input/Output P = Power
— = Not used TTL = TTL Input ST = Schmitt Trigger Input
Note 1. This buffer is a Schmitt Trigger input when configured as the external interrupt.

This buffer is a Schmitt Trigger input when used in Serial Programming mode.

This buffer is a Schmitt Trigger input when configured in RC Oscillator mode and a CMOS input otherwise.
PIC16F88 devices only.
The CCPL1 pin is determined by the CCPMX bit in Configuration Word 1 register.

DS30487C-page 8
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PIC16F87/88

TABLE 1-2: PIC16F87/88 PINOUT DESCRIPTION (CONTINUED)
. PDIP/ SSOP | QFN | l/O/P Buffer _—
Pin Name SolIC . A Description
) Pin# | Pin# | Type Type
Pin#
PORTB is a bidirectional 1/0 port. PORTB can be
software programmed for internal weak pull-up on all
inputs.
RBO/INT/CCP1®) 6 7 7
RBO 1/0 TTL Bidirectional /O pin.
INT | sT® External interrupt pin.
CCP1 110 ST Capture input, Compare output, PWM output.
RB1/SDI/SDA 7 8 8
RB1 1/0 TTL Bidirectional I/O pin.
SDI | ST SPI™ data in.
SDA /0 ST 12C™ data.
RB2/SDO/RX/DT 8 9 9
RB2 110 TTL Bidirectional 1/O pin.
SDO (0] ST SPI data out.
RX | AUSART asynchronous receive.
DT 110 AUSART synchronous detect.
RB3/PGM/CCP1®) 9 10 10
RB3 1/0 TTL Bidirectional /O pin.
PGM 1/0 ST Low-Voltage ICSP™ Programming enable pin.
CCP1 | ST Capture input, Compare output, PWM output.
RB4/SCK/SCL 10 11 12
RB4 110 TTL Bidirectional 1/0 pin. Interrupt-on-change pin.
SCK 1/0 ST Synchronous serial clock input/output for SPI.
SCL | ST Synchronous serial clock Input for 12C.
RB5/SS/TX/CK 11 12 13
RB5 110 TTL Bidirectional 1/0 pin. Interrupt-on-change pin.
SS | TTL Slave select for SPI in Slave mode.
TX (@) AUSART asynchronous transmit.
CK 110 AUSART synchronous clock.
RB6/AN5/PGC/T10S0O/ 12 13 15
T1CKI
RB6 1/0 TTL Bidirectional I/O pin. Interrupt-on-change pin.
AN5@ I Analog input channel 5.
PGC 110 sT@ In-Circuit Debugger and programming clock pin.
T10SO (@) ST Timer1 oscillator output.
T1CKI | ST Timerl external clock input.
RB7/AN6/PGD/T10SI 13 14 16
RB7 110 TTL Bidirectional 1/0 pin. Interrupt-on-change pin.
ANG@ [ Analog input channel 6.
PGD | sT@ In-Circuit Debugger and ICSP programming data pin.
T10SI | ST Timerl oscillator input.
Vss 5 5,6 3,5 P - Ground reference for logic and /O pins.
VDD 14 15,16 (17,19 P - Positive supply for logic and 1/0O pins.
Legend: | = Input O = Output /0O = Input/Output P = Power
— = Not used TTL = TTL Input ST = Schmitt Trigger Input
Note 1: This bufferis a Schmitt Trigger input when configured as the external interrupt.
2:  This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3:  This buffer is a Schmitt Trigger input when configured in RC Oscillator mode and a CMOS input otherwise.
4: PIC16F88 devices only.
5:  The CCPL1 pin is determined by the CCPMX bit in Configuration Word 1 register.

© 2005 Microchip Technology Inc.
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NOTES:

DS30487C-page 10 © 2005 Microchip Technology Inc.



PIC16F87/88

2.0 MEMORY ORGANIZATION

There are two memory blocks in the PIC16F87/88
devices. These are the program memory and the data
memory. Each block has its own bus, so access to each
block can occur during the same oscillator cycle.

The data memory can be further broken down into the
general purpose RAM and the Special Function
Registers (SFRs). The operation of the SFRs that
control the “core” are described here. The SFRs used
to control the peripheral modules are described in the
section discussing each individual peripheral module.

The data memory area also contains the data EEPROM
memory. This memory is not directly mapped into the
data memory but is indirectly mapped. That is, an indi-
rect address pointer specifies the address of the data
EEPROM memory to read/write. The PIC16F87/88
device's 256 bytes of data EEPROM memory have the
address range of 00h-FFh. More details on the
EEPROM memory can be found in Section 3.0 “Data
EEPROM and Flash Program Memory”.

Additional information on device memory may be found
in the “PICmicro® Mid-Range MCU Family Reference
Manual” (DS33023).

2.1 Program Memory Organization

The PIC16F87/88 devices have a 13-bit program
counter capable of addressing an 8K x 14 program
memory space. For the PIC16F87/88, the first 4K x 14
(0000h-0FFFh) is physically implemented (see
Figure 2-1). Accessing a location above the physically
implemented address will cause a wraparound. For
example, the same instruction will be accessed at
locations 020h, 420h, 820h, C20h, 1020h, 1420h,
1820h and 1C20h.

The Reset vector is at 0000h and the interrupt vector is
at 0004h.

FIGURE 2-1: PROGRAM MEMORY MAP
AND STACK: PIC16F87/88
PC<12:0>
CALL, RETURN 13

RETFIE, RETLW

Stack Level 1
Stack Level 2

Stack Level 8

Reset Vector 0000h
: <}:
L]
Interrupt Vector 0004h
0005h
; Page O
On-Chip
Program 07FFh
Memory 0800h
Page 1
OFFFh
1000h
Wraps to

0000h-03FFh

1FFFh

2.2 Data Memory Organization

The data memory is partitioned into multiple banks that
contain the General Purpose Registers and the Special
Function Registers. Bits RP1 (STATUS<6>) and RPO
(STATUS<5>) are the bank select bits.

RP1:RPO Bank
00 0
01 1
10 2
11 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 Regis-
ters are General Purpose Registers, implemented as
static RAM. All implemented banks contain SFRs.
Some “high use” SFRs from one bank may be mirrored
in another bank for code reduction and quicker access
(e.g., the STATUS register is in Banks 0-3).

Note: EEPROM data memory description can be
found in Section 3.0 “Data EEPROM and
Flash Program Memory” of this data

sheet.

© 2005 Microchip Technology Inc.
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PIC16F87/88

221 GENERAL PURPOSE REGISTER FILE

The register file can be accessed either directly, or
indirectly, through the File Select Register (FSR).

FIGURE 2-2: PIC16F87 REGISTER FILE MAP
File File File File
Address Address Address Address
Indirect addr.®) | 0oh Indirect addr.®) | goh Indirect addr.®) | 100h Indirect addr.”) | 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
07h 87h 107h 187h
08h 88h 108h 188h
09h 89h 109h 189h
PCLATH OAh PCLATH 8Ah PCLATH 10Ah PCLATH 18Ah
INTCON OBh INTCON 8Bh INTCON 10Bh INTCON 18Bh
PIR1 0Ch PIE1 8Ch EEDATA 10Ch EECON1 18Ch
PIR2 0Dh PIE2 8Dh EEADR 10Dh EECON2 18Dh
TMRI1L OEh PCON 8Eh EEDATH 10Eh Reserved® | 18Eh
TMR1H OFh OSCCON | 8Fh EEADRH | 10Fh Reserved® | 18Fh
T1CON 10h OSCTUNE | 90h 110h 190h
TMR2 11h 91h
T2CON 12h PR2 92h
SSPBUF 13h SSPADD 93h
SSPCON 14h SSPSTAT 94h
CCPRI1L 15h 95h
CCPRIH 16h 96h General General
CCP1CON 17h 97h Purpose Purpose
RCSTA 18h TXSTA 98h Register Register
TXREG 19h SPBRG 99h 16 Bytes 16 Bytes
RCREG 1Ah 9Ah
1Bh 9Bh
1Ch CMCON 9Ch
1Dh CVRCON 9Dh
1Eh 9Eh
1Fh 9Fh 11Eh 19Fh
20h AOh 120h 1A0h
General General General
Purpose Purpose Purpose
General Register Register Register
Purpose 80 Bytes 80 Bytes 80 Bytes
Register EFh 16Fh 1EFh
FOh 170h 1FOh
96 Bytes accesses accesses accesses
70h-7Fh 70h-7Fh 70h-7Fh
7Fh FEh 17Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3

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

Note 1:

This register is reserved, maintain this register clear.

DS30487C-page 12
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PIC16F87/88

FIGURE 2-3: PIC16F88 REGISTER FILE MAP
File
Address
Indirect addr.®) | 00h Indirect addr.”) | goh Indirect addr.”? | 100h Indirect addr.”) | 180nh
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
07h 87h 107h 187h
08h 88h 108h 188h
0%h 89h 109h 189h
PCLATH OAh PCLATH 8Ah PCLATH 10Ah PCLATH 18Ah
INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON 18Bh
PIR1 0Ch PIE1 8Ch EEDATA 10Ch EECON1 18Ch
PIR2 0Dh PIE2 8Dh EEADR 10Dh EECON2 18Dh
TMRLL OEh PCON 8Eh EEDATH | 10Eh Reserved® | 18Eh
TMR1H OFh OSCCON | 8Fh EEADRH | 10Fh Reserved® | 18Fh
T1CON 10h OSCTUNE 90h 110h 190h
TMR2 11h 91h
T2CON 12h PR2 92h
13h 93h
14h 94h
CCPRI1L 15h 95h
CCPR1H 16h 96h General
CCPICON | 17h 97h Sjpplzr:(le Purpose
RCSTA 18h TXSTA 98h Register Register
TXREG 19h SPBRG 99h 16 Bytes 16 Bytes
RCREG 1Ah 9Ah
1Bh 9Bh
1Ch CMCON 9Ch
1Dh CVRCON 9Dh
ADRESH 1Eh ADRESL 9Eh
ADCONO | 1Fh ADCON1 9Fh 11Fh 19Fh
20h AOh 120h 1A0h
General General General
Purpose Purpose Purpose
General Register Register Register
Purpose 80 Bytes 80 Bytes 80 Bytes
Register EFh 16Fh 1EFh
96 Bytes Foh 170h 1FOh
accesses accesses accesses
70h-7Fh 70h-7Fh 70h-7Fh
7Eh FFh 17Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3

© 2005 Microchip Technology Inc. DS30487C-page 13



PIC16F87/88

2.2.2 SPECIAL FUNCTION REGISTERS

The Special Function Registers are registers used by
the CPU and peripheral modules for controlling the
desired operation of the device. These registers are
implemented as static RAM. A list of these registers is
given in Table 2-1.

The Special Function Registers can be classified into
two sets: core (CPU) and peripheral. Those registers
associated with the core functions are described in
detail in this section. Those related to the operation of
the peripheral features are described in detail in the
peripheral feature section.

TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY
’ ’ ; ’ ’ ; ; ’ Value on: Details
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR on
page
Bank 0
00h®@ INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 | 26,135
01lh TMRO TimerO Module Register XXXX XXXX 69
02h®@  |pcL Program Counter (PC) Least Significant Byte 0000 0000
03h®@  |STATUS IRP RP1 RPO TO PD z | DC | c 0001 1xxx | 17
04h@  |FSR Indirect Data Memory Address Pointer xxxx xxxx | 135
05h PORTA PORTA Data Latch when written; PORTA pins when read (PIC16F87) xxxx 0000 52
PORTA Data Latch when written; PORTA pins when read (PIC16F88) xxx0 0000
06h PORTB PORTB Data Latch when written; PORTB pins when read (PIC16F87) XXXX XKXXX 58
PORTB Data Latch when written; PORTB pins when read (PIC16F88) 00XX XXXX
07h — Unimplemented — —
08h — Unimplemented — —
09h — Unimplemented — —
0Ah®2) | PCLATH = = = Write Buffer for the Upper 5 bits of the Program Counter ---0 0000 | 135
0Bh® INTCON GIE PEIE TMROIE INTOIE RBIE TMROIF INTOIF RBIF 0000 000x | 19,69,
77
0Ch PIR1 — ADIF® RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF -000 0000 | 21,77
0Dh PIR2 OSFIF CMIF — EEIF — — — — 00-0 ----| 23,34
OEh TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register XXXX XxXxx | 77,83
OFh TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XxXxx | 77,83
10h TICON — | TIRUN | TICKPS1 | T1CKPSO | T10SCEN | TISYNC | TMRICS | TMRION | -000 0000 | 72,83
11h TMR2 Timer2 Module Register 0000 0000 | 80,85
12h  [r2con — | routess] Toutesz | TouTpst | TouTPso | TMR20N | T2ckPst | T2ckPso | -000 0000 | 80, 85
13h SSPBUF Synchronous Serial Port Receive Buffer/Transmit Register xxxx xxxx | 90,95
14h  [sspcon wcoL | sspov | sspen | ckp | sspm3 | sspm2 | ssPmi | ssPMo [ oooo oooo | 89,95
15h CCPR1L Capture/Compare/PWM Register 1 (LSB) xxxx xxxx | 83,85
16h CCPR1H Capture/Compare/PWM Register 1 (MSB) xxxx xxxx | 83,85
17h CCP1CON — — CCP1X CCP1Y CCP1M3 CCP1M2 | CCP1M1 | CCP1IMO | --00 0000 | 81,83
18h RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 0000 000x | 98,99
19h TXREG AUSART Transmit Data Register 0000 0000 103
1Ah RCREG AUSART Receive Data Register 0000 0000 105
1Bh — Unimplemented — —
1Ch — Unimplemented — —
1Dh — Unimplemented — —
1Eh ADRESH® | A/D Result Register High Byte xxxx xxxx | 120
1Fh ADCONO™ | ADCS1 | ADCSO | CHSs2 CHs1 CHSO | GO/DONE | — | ADON | 0000 00-0 |114, 120
Legend: x =unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as ‘0’, r = reserved.

Shaded locations are unimplemented, read as ‘0.
The upper byte of the program counter is not directly accessible. PCLATH is a holding register for PC<12:8>, whose

Note 1:
contents are transferred to the upper byte of the program counter.
2: These registers can be addressed from any bank.
3:  RAS5 s an input only; the state of the TRISAS5 bit has no effect and will always read ‘1'.
4: PIC16F88 device only.

DS30487C-page 14
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PIC16F87/88

TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
’ : . . . . . . Value on: Details
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR pgge
Bank 1
80h®@ INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 | 26,135
81h OPTION REG| RBPU | INTEDG | Tocs | Tose | psa | ps2 | pst | Pso [1111 1111] 18,69
82h@  |pcL Program Counter (PC) Least Significant Byte 0000 0000 | 135
83h@  |STATUS IRP | RP1 | RPO | TO | PD | z | DC | c 0001 1xxx | 17
84h@  |FSR Indirect Data Memory Address Pointer xxxx xxxx | 135
85h TRISA TRISA7 | TRISA6 | TRISA5®) |PORTA Data Direction Register (TRISA<4:0>) 1111 1111 | 52,126
86h TRISB PORTB Data Direction Register 1111 1111 | 58,85
87h — Unimplemented — —
88h — Unimplemented — —
89h — Unimplemented — —
8AhL2)  |PCLATH = = = Write Buffer for the Upper 5 bits of the Program Counter ---0 0000 | 135
8Bh@ INTCON GIE PEIE TMROIE INTOIE RBIE TMROIF INTOIF RBIF 0000 000x 19%;39,
8Ch PIE1 — ADIE® RCIE TXIE SSPIE CCP1IE TMR2IE TMR1IE | -000 0000 | 20,80
8Dh PIE2 OSFIE CMIE — EEIE — — — — 00-0 ----| 22,34
8Eh PCON = = = = = = POR BOR | ---- -- og| 24
8Fh OSCCON — IRCF2 IRCF1 IRCFO OSTS IOFS SCS1 SCS0 -000 0000 40
90h OSCTUNE — — TUNS5 TUN4 TUN3 TUN2 TUN1 TUNO --00 0000 38
91h — Unimplemented — —
92h PR2 Timer2 Period Register 1111 1111 | 80,85
93h SSPADD Synchronous Serial Port (12C™ mode) Address Register 0000 0000 95
94h SSPSTAT SMP CKE D/A P s R/W | UA | BF 0000 0000 | 88,95
95h — Unimplemented — —
96h — Unimplemented — —
97h — Unimplemented — —
98h TXSTA CSRC TX9 TXEN SYNC — BRGH TRMT TX9D 0000 -010 | 97,99
99%h SPBRG Baud Rate Generator Register 0000 0000 | 99,103
9Ah — Unimplemented — —
9Bh ANSEL® — ANS6 ANS5 ANS4 ANS3 ANS2 ANS1 ANSO -111 1111 120
9Ch CMCON C20UT C10UT C2INV C1INV CIS CcMm2 CM1 CMO 0000 0111 121,
126, 128
9Dh CVRCON CVREN | CVROE CVRR — CVR3 CVR2 CVR1 CVRO 000- 0000 |126, 128
9Eh ADRESL® | A/D Result Register Low Byte xxxx xxxx | 120
9Fh ADCON1® ADFM ADCS2 VCFG1 VCFGO — — — — 0000 ---- 521,;-3)-5,
Legend: x =unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as ‘0’, r = reserved.
Shaded locations are unimplemented, read as ‘0.
Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for PC<12:8>, whose
contents are transferred to the upper byte of the program counter.
2: These registers can be addressed from any bank.
3: RAS5 s an input only; the state of the TRISAS bit has no effect and will always read ‘1°.
4: PIC16F88 device only.

© 2005 Microchip Technology Inc.

DS30487C-page 15




PIC16F87/88

TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
. . . . . . . ) Value on: Details
Address Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 POR, BOR pgge
Bank 2
100n@ |INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 | 26,135
101h TMRO Timer0 Module Register XXXX XXXX 69
102h@ |pcCL Program Counter’s (PC) Least Significant Byte 0000 0000 135
103h®@ | STATUS wp | rr1 | R0 | o | @ | z | bc | ¢ 0001 1xxx | 17
104h@  |FSR Indirect Data Memory Address Pointer xxxx xxxx | 135
105h  |WDTCON — | — | = [ wotps3 | wotpsz | wpTPsi | wDTPSO | SWDTEN | ---0 1000 | 142
106h PORTB PORTB Data Latch when written; PORTB pins when read (PIC16F87) XXXK XXXX 58
PORTB Data Latch when written; PORTB pins when read (PIC16F88) 00XX XXXX
107h — Unimplemented — —
108h — Unimplemented — —
109h — Unimplemented — —
10Ah12) |PCLATH — — — Write Buffer for the Upper 5 bits of the Program Counter ---0 0000 135
10Bh®@ |INTCON GIE PEIE TMROIE INTOIE RBIE TMROIF INTOIF RBIF 0000 000x 19%769,
10Ch EEDATA EEPROM/Flash Data Register Low Byte XXXKX XXXX 34
10Dh EEADR EEPROM/Flash Address Register Low Byte XXXKX XXXX 34
10Eh EEDATH — — EEPROM/Flash Data Register High Byte --XX XXXX 34
10Fh EEADRH — — — | — |EEPROM/FIash Address Register High Byte - - - XXXX 34
Bank 3
180h®  |INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 135
181h  |OPTION_REG| RBPU | INTEDG | TOCS | TOSE | PSA | PS2 | PS1 | PSO | 1111 1111 | 18,69
182h@ |pCL Program Counter (PC) Least Significant Byte 0000 0000 | 135
183h@  [STATUS IRP | RP1 | RPO | TO | PD | z | DC | c 0001 1xxx | 17
184h@ |FSR Indirect Data Memory Address Pointer xxxx xxxx | 135
185h — Unimplemented — —
186h TRISB PORTB Data Direction Register 1111 1111 | 58,83
187h — Unimplemented — —
188h — Unimplemented — —
189h — Unimplemented — —
18ANL2) |PCLATH — — — Write Buffer for the Upper 5 bits of the Program Counter ---0 0000 135
18Bh@ |INTCON GIE PEIE TMROIE INTOIE RBIE TMROIF INTOIF RBIF 0000 000x 19%;39,
18Ch EECON1 EEPGD — — FREE WRERR WREN WR RD x--x x000 | 28,34
18Dh EECON2 EEPROM Control Register 2 (not a physical register) | ——-- —--- 34
18Eh — Reserved, maintain clear 0000 0000 —
18Fh — Reserved, maintain clear 0000 0000 —
Legend: x =unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as ‘0’, r = reserved.
Shaded locations are unimplemented, read as ‘0.
Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for PC<12:8>, whose
contents are transferred to the upper byte of the program counter.
2: These registers can be addressed from any bank.
3: RAS5 s an input only; the state of the TRISAS bit has no effect and will always read ‘1°.
4: PIC16F88 device only.

DS30487C-page 16

© 2005 Microchip Technology Inc.




PIC16F87/88

2.2.2.1 STATUS Register

The STATUS register, shown in Register 2-1, contains
the arithmetic status of the ALU, the Reset status and
the bank select bits for data memory.

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

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

Itis recommended, therefore, that only BCF, BSF, SWAPF
and MOVWF instructions are used to alter the STATUS
register because these instructions do not affect the Z, C
or DC bits from the STATUS register. For other
instructions not affecting any Status bits, see
Section 16.0 “Instruction Set Summary”.

Note: The C and DC bits operate as a borrow
and digit borrow bit, respectively, in
subtraction. See the SUBLW and SUBWF

instructions for examples.

REGISTER 2-1: STATUS: ARITHMETIC STATUS REGISTER (ADDRESS 03h, 83h, 103h, 183h)
R/W-0 R/W-0 R/W-0 R-1 R-1 R/W-x R/W-x R/W-x
IRP RP1 | RPO ™ | o | 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 (O0h-FFh)

bit 6-5 RP<1:0>: Register Bank Select bits (used for direct addressing)

11 = Bank 3 (180h-1FFh)
10 = Bank 2 (100h-17Fh)
01 = Bank 1 (80h-FFh)
00 = Bank 0 (00h-7Fh)
Each bank is 128 bytes.

bit 4 TO: 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 and 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 and SUBWF instructions)(-2)

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.

2:  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’ = Bit is cleared X = Bit is unknown

© 2005 Microchip Technology Inc.
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2.2.2.2 OPTION_REG Register - : - ;

Note:  To achieve a 1:1 prescaler assignment for
The OPTION_REG register is a readable and writable the TMRO register, assign the prescaler to
register that contains various control bits to configure the Watchdog Timer. Although the pres-
the TMRO prescaler/WDT postscaler (single assign- caler can be assigned to either the WDT or
able register known also as the prescaler), the external Timer0, but not both, a new divide counter
INT interrupt, TMRO and the weak pull-ups on PORTB. is implemented in the WDT circuit to give

multiple WDT time-out selections. This
allows TMRO and WDT to each have their
own scaler. Refer to Section 15.12
“Watchdog Timer (WDT)” for further
details.

REGISTER 2-2: OPTION_REG: OPTION CONTROL REGISTER (ADDRESS 81h, 181h)

RW-1  RW-1  RMW-1  RW-1  RW-1  RW-1 RW1  RW-
RBPU | INTEDG | Tocs | TosE | PsA | Ps2 | psi | Pso
bit 7 bit 0
bit7 ~ 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 pin

0 = Interrupt on falling edge of RBO/INT pin
bit 5 TOCS: TMRO Clock Source Select bit

1 = Transition on RA4/TOCKI/C20UT pin

0 = Internal instruction cycle clock (CLKO)
bit 4 TOSE: TMRO Source Edge Select bit

1 = Increment on high-to-low transition on RA4/TOCKI/C20UT pin

0 = Increment on low-to-high transition on RA4/TOCKI/C20UT 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’ = Bit is cleared X = Bit is unknown
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2.2.2.3 INTCON Register

The INTCON register is a readable and writable regis-
ter that contains various enable and flag bits for the
TMRO register overflow, RB Port change and External
RBO/INT pin interrupts.

REGISTER 2-3:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

Note: Interrupt flag bits get 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.

INTCON: INTERRUPT CONTROL REGISTER (ADDRESS 0Bh, 8Bh, 10Bh, 18Bh)

RW-0  RMW-0  RW-0 RW-O RWO RW-0 RWO RMWx
GIE PEIE | TMROIE | INTOIE | RBIE | TMROIF | INTOIF | RBIF |
bit 7 bit 0

GIE: Global Interrupt Enable bit

1 = Enables all unmasked interrupts

0 = Disables all interrupts

PEIE: Peripheral Interrupt Enable bit

1 = Enables all unmasked peripheral interrupts

0 = Disables all peripheral interrupts

TMROIE: TMRO Overflow Interrupt Enable bit

1 = Enables the TMRO interrupt

0 = Disables the TMRO interrupt

INTOIE: RBO/INT External Interrupt Enable bit

1 = Enables the RBO/INT external interrupt

0 = Disables the RBO/INT external interrupt

RBIE: RB Port Change Interrupt Enable bit

1 = Enables the RB port change interrupt

0 = Disables the RB port change interrupt

TMROIF: TMRO Overflow Interrupt Flag bit

1 = TMRO register has overflowed (must be cleared in software)

0 = TMRO register did not overflow

INTOIF: RBO/INT External Interrupt Flag bit

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

RBIF: RB Port Change Interrupt Flag bit

A mismatch condition will continue to set flag bit RBIF. Reading PORTB will end the mismatch
condition and allow flag bit RBIF to be cleared.

1 = Atleast one of the RB7:RB4 pins changed state (must be cleared in software)
0 = None of the RB7:RB4 pins have changed state

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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2.2.2.4 PIE1 Register

This register contains the individual enable bits for the
peripheral interrupts.

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

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

U-0 RWO RWO RWO RWO RWO RWO  RWO
— ADIE® | RCIE TXEE | SSPIE | CCPLE | TMR2IE | TMRLIE |
bit 7 bit 0

bit 7 Unimplemented: Read as ‘0’
bit6é  ADIE: A/D Converter Interrupt Enable bit(})
1 = Enabled
0 = Disabled
Note 1: This bit is only implemented on the PIC16F88. The bit will read ‘0’ on the PIC16F87.

bit 5 RCIE: AUSART Receive Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 4 TXIE: AUSART 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 TMR1IE: TMR1 Overflow Interrupt Enable bit

1 = Enabled
0 = Disabled

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared X = Bitis unknown
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2.2.25 PIR1 Register
This register contains the individual flag bits for the

peripheral 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 2-5:

bit 7
bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

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

U-0 RIW-0 R-0 R-0 R-0 RW-0  RW-0  RMW-0
— ADIFD | RcIF | TXIF | SSPIF | CCPLF | TMR2IF | TMRLIF |
bit 7 bit 0

Unimplemented: Read as ‘0’
ADIF: A/D Converter Interrupt Flag bit(1)
1 = The A/D conversion completed (must be cleared in software)
0 = The A/D conversion is not complete
Note 1: This bit is only implemented on the PIC16F88. The bit will read ‘0’ on the PIC16F87.

RCIF: AUSART Receive Interrupt Flag bit

1 = The AUSART receive buffer is full (cleared by reading RCREG)

0 = The AUSART receive buffer is not full

TXIF: AUSART Transmit Interrupt Flag bit

1 = The AUSART transmit buffer is empty (cleared by writing to TXREG)
0 = The AUSART 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: CCP1 Interrupt Flag bit

Capture mode:

1 = A TMR1 register capture occurred (must be cleared in software)
0 = No TMRL1 register capture occurred

Compare mode:

1 = A TMR1 register compare match occurred (must be cleared in software)
0 = No TMRL1 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 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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2.2.2.6 PIE2 Register

The PIEZ2 register contains the individual enable bit for
the EEPROM write operation interrupt.

REGISTER 2-6:

bit 7

bit 6

bit 5
bit 4

bit 3-0

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

R/W-0 R/W-0 uU-0 R/W-0 uU-0 uU-0 uU-0 uU-0
OSFIE | CMIE — EEIE — — | = | =

bit 7 bit 0

OSFIE: Oscillator Fail Interrupt Enable bit

1 = Enabled

0 = Disabled

CMIE: Comparator Interrupt Enable bit

1 = Enabled

0 = Disabled

Unimplemented: Read as ‘0’

EEIE: EEPROM Write Operation Interrupt Enable bit

1 = Enabled

0 = Disabled

Unimplemented: Read as ‘0’

Legend:

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

-n = Value at POR ‘1’ = Bit is set ‘0’ =Bitiscleared  x = Bitis unknown
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2.2.2.7 PIR2 Register

The PIR2 register contains the flag bit for the EEPROM
write operation interrupt.

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 2-7: PIR2: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 2 (ADDRESS 0Dh)

RW-0  RW-0 U-0 RIW-0 U-0 U-0 U-0 U-0
OSFIF | CMIF — | eer | — | — | = | — |
bit 7 bit 0

bit 7 OSFIF: Oscillator Fail Interrupt Flag bit

1 = System oscillator failed, clock input has changed to INTRC (must be cleared in software)
0 = System clock operating

bit 6 CMIF: Comparator Interrupt Flag bit

1 = Comparator input has changed (must be cleared in software)
0 = Comparator input has not changed

bit 5 Unimplemented: Read as ‘0’
bit 4 EEIF: EEPROM Write Operation Interrupt Flag bit

1 = The write operation completed (must be cleared in software)
0 = The write operation is not complete or has not been started

bit 3-0 Unimplemented: Read as ‘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
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2.2.2.8 PCON Register

Note: Interrupt flag bits get 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.

The Power Control (PCON) register contains a flag bit
to allow differentiation between a Power-on Reset
(POR), a Brown-out Reset, an external MCLR Reset
and WDT Reset.

Note:

BOR is unknown on Power-on Reset. It
must then be set by the user and checked
on subsequent Resets to see if BOR is
clear, indicating a brown-out has occurred.
The BOR status bit is a ‘don’t care’ and is
not necessarily predictable if the brown-
out circuit is disabled (by clearing the
BOREN bit in the Configuration Word
register).

REGISTER 2-8: PCON: POWER CONTROL REGISTER (ADDRESS 8Eh)
U-0 U-0 U-0 U-0 U-0 U-0 R/W-0 R/W-x
— [ - T — ] — T — 1 — [ o] eox
bit 7 bit 0
bit 7-2 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)

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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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
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25 Indirect Addressing, INDF and A simple program to clear RAM locations 20h-2Fh
FSR Registers using indirect addressing is shown in Example 2-2.
The INDF register is not a physical register. Addressing EXAMPLE 2-2: INDIRECT ADDRESSING
the INDF register will cause indirect addressing. . )
MOVLW 0x20 ;jinitialize pointer
Indirect addressing is possible by using the INDF reg- MOVWF FSR ;to RAM
ister. Any instruction using the INDF register actually NEXT CLRF INDF ;clear INDF register
accesses the register pointed to by the File Select Reg- INCF FSR, F ;inc pointer
ister, FSR. Reading the INDF register itself, indirectly BTFSS FSR, 4 ;all done?
(FSR = 0) will read 00h. Writing to the INDF register GOTO  NEXT ino clear next
indirectly results in a no operation (although status bits CONTINUE .
may be affected). An effective 9-bit address is obtained iyes continue
by concatenating the 8-bit FSR register and the IRP bit
(STATUS<7>), as shown in Figure 2-5.
FIGURE 2-5: DIRECT/INDIRECT ADDRESSING
Direct Addressing Indirect Addressing
RP1:RPO 6 From Opcode 0 IRP 7 FSR Register 0
N\ v J - v N v J
Bank Select Location Select Bank Select Location Select
\ » 00 01 10 1 </

00h 80h 100h 180h

A

Data
Memory®

7Fh FFh 17Fh 1FFh
Bank O Bank 1 Bank 2 Bank 3

Note 1: For register file map detail, see Figure 2-2 or Figure 2-3.
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3.0 DATA EEPROM AND FLASH
PROGRAM MEMORY

The data EEPROM and Flash program memory are
readable and writable during normal operation (over
the full VDD range). This memory is not directly mapped
in the register file space. Instead, it is indirectly
addressed through the Special Function Registers.
There are six SFRs used to read and write this
memory:

« EECON1
« EECON2
* EEDATA
 EEDATH
 EEADR
« EEADRH
This section focuses on reading and writing data
EEPROM and Flash program memory during normal
operation. Refer to the appropriate device program-

ming specification document for serial programming
information.

When interfacing the data memory block, EEDATA

© 2005 Microchip Technology Inc.
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REGISTER 3-1:

bit 7

bit 6-5
bit 4

bit 3

bit 2

bit 1

bit 0

EECON1: EEPROM ACCESS CONTROL REGISTER 1 (ADDRESS 18Ch)

RIW- U-0 U-0 RW-Xx  RWx RWO RSO0 RSO
EEPGD — — FREE | WRERR | WREN | WR | RD
bit 7 bit 0

EEPGD: Program/Data EEPROM Select bit

1 = Accesses program memory
0 = Accesses data memory

Unimplemented: Read as ‘0’

FREE: EEPROM Forced Row Erase bit

1 = Erase the program memory row addressed by EEADRH:EEADR on the next WR command

0 = Perform write only

WRERR: EEPROM Error Flag bit

1 = A write operation is prematurely terminated (any MCLR or any WDT Reset during normal
operation)

0 = The write operation completed

WREN: EEPROM Write Enable bit

1 = Allows write cycles

0 = Inhibits write to the EEPROM

WR: Write Control bit

1 = Initiates a write cycle. The bit is cleared by hardware once write is complete. The WR bit
can only be set (not cleared) in software.

0 = Write cycle to the EEPROM is complete

RD: Read Control bit

1 = Initiates an EEPROM read, RD is cleared in hardware. The RD bit can only be set (not

cleared) in software.
0 = Does not initiate an EEPROM read

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’ S = Set only
-n =Value at POR ‘1’ =Bitis set ‘0’ = Bit is cleared x = Bit is unknown
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3.3 Reading Data EEPROM Memory

To read a data memory location, the user must write the
address to the EEADR register, clear the EEPGD con-
trol bit (EECON1<7>) and then set control bit RD
(EECON1<0>). The data is available in the very next
cycle in the EEDATA register; therefore, it can be read
in the next instruction (see Example 3-1). EEDATA will
hold this value until another read or until it is written to
by the user (during a write operation).

The steps to reading the EEPROM data memory are:

1. Write the address to EEADR. Make sure that the
address is not larger than the memory size of
the device.

2. Clear the EEPGD bit to point to EEPROM data
memory.

3. Setthe RD bit to start the read operation.
4. Read the data from the EEDATA register.

EXAMPLE 3-1: DATA EEPROM READ

BANKSEL EEADR ; Select Bank of EEADR
MOVF ADDR, W ;
MOVWF EEADR ; Data Memory Address

; to read
BANKSEL EECON1 ; Select Bank of EECON1
BCF EECON1, EEPGD; Point to Data memory
BSF EECON1, RD ; EE Read
BANKSEL EEDATA ; Select Bank of EEDATA
MOVF EEDATA, W ; W = EEDATA

34 Writing to Data EEPROM Memory

To write an EEPROM data location, the user must first
write the address to the EEADR register and the data to
the EEDATA register. Then, the user must follow a
specific write sequence to initiate the write for each byte.

The write will not initiate if the write sequence is not
exactly followed (write 55h to EECONZ2, write AAh to
EECON2, then set WR bit) for each byte. We strongly
recommend that interrupts be disabled during this
code segment (see Example 3-2).

Additionally, the WREN bit in EECON1 must be set to
enable write. This mechanism prevents accidental
writes to data EEPROM due to errant (unexpected)
code execution (i.e., lost programs). The user should
keep the WREN bhit clear at all times except when
updating EEPROM. The WREN bit is not cleared
by hardware

After a write sequence has been initiated, clearing the
WREN bit will not affect this write cycle. The WR bit will
be inhibited from being set unless the WREN bhit is set.
At the completion of the write cycle, the WR bit is
cleared in hardware and the EE Write Complete
Interrupt Flag bit (EEIF) is set. The user can either
enable this interrupt or poll this bit. EEIF must be
cleared by software.

The steps to write to EEPROM data memory are:

1.

o

10.

If step 10 is not implemented, check the WR bit
to see if a write is in progress.

Write the address to EEADR. Make sure that the
address is not larger than the memory size of
the device.

Write the 8-bit data value to be programmed in
the EEDATA register.

Clear the EEPGD bit to point to EEPROM data
memory.

Set the WREN bit to enable program operations.
Disable interrupts (if enabled).

Execute the special five instruction sequence:

Write 55h to EECON2 in two steps (first to W,
then to EECONZ2).

Write AAh to EECON2 in two steps (first to W,
then to EECONZ2).

Set the WR bit.

Enable interrupts (if using interrupts).

Clear the WREN bit to disable program
operations.

At the completion of the write cycle, the WR bit
is cleared and the EEIF interrupt flag bit is set
(EEIF must be cleared by firmware). If step 1 is
not implemented, then firmware should check
for EEIF to be set, or WR to clear, to indicate the
end of the program cycle.

EXAMPLE 3-2: DATA EEPROM WRITE

Required

BANKSEL EECON1 ; Select Bank of
; EECON1

BTFSC EECON1, WR ; Wait for write

GOTO $-1 ; to complete

BANKSEL EEADR ; Select Bank of
; EEADR

MOVF ADDR, W ;
MOVWF EEADR ; Data Memory

; Address to write
MOVF VALUE, W ;

MOVWF EEDATA ; Data Memory Value
; to write
BANKSEL EECON1 ; Select Bank of
; EECON1
BCF EECON1, EEPGD ; Point to DATA
; memory
BSF EECON1, WREN ; Enable writes
BCF INTCON, GIE ; Disable INTs.
MOVLW 55h ;
8 MOVWF EECON2 ; Write 55h
§ MOVLW  ARh ;
g MOVWF  EECON2 ; Write AAh
o BSF EECON1, WR ; Set WR bit to
; begin write
BSF INTCON, GIE ; Enable INTs.
BCF EECON1, WREN ; Disable writes

© 2005 Microchip Technology Inc.
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3.5 Reading Flash Program Memory

To read a program memory location, the user must
write two bytes of the address to the EEADR and
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EXAMPLE 3-4: ERASING A FLASH PROGRAM MEMORY ROW

BANKSEL EEADRH ; Select Bank of EEADRH
MOVF ADDRH, W ;
MOVWF EEADRH ; MS Byte of Program Address to Erase
MOVF ADDRL, W ;
MOVWF EEADR ; LS Byte of Program Address to Erase
ERASE_ROW
BANKSEL EECON1 ; Select Bank of EECON1
BSF EECON1, EEPGD ; Point to PROGRAM memory
BSF EECON1, WREN ; Enable Write to memory
BSF EECON1, FREE ; Enable Row Erase operation
i
BCF INTCON, GIE ; Disable interrupts (if using)
MOVLW 55h ;
MOVWF EECON2 ; Write 55h
MOVLW AANh ;
MOVWF EECON2 ; Write AAh
BSF EECON1, WR ; Start Erase (CPU stall)
NOP ; Any instructions here are ignored as processor
; halts to begin Erase sequence
NOP ; processor will stop here and wait for Erase complete
; after Erase processor continues with 3rd instruction
BCF EECON1, FREE ; Disable Row Erase operation
BCF EECON1, WREN ; Disable writes
BSF INTCON, GIE ; Enable interrupts (if using)
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3.7

Flash program memory may only be written to if the
destination address is in a segment of memory that is
not write-protected, as defined in bits WRT1:WRTO of
the device Configuration Word (Register 15-1). Flash
program memory must be written in four-word blocks.
A block consists of four words with sequential
addresses, with a lower boundary defined by an
address, where EEADR<1:0> = 00. At the same time,
all block writes to program memory are done as write-
only operations. The program memory must first be
erased. The write operation is edge-aligned and cannot
occur across boundaries.

Writing to Flash Program Memory

To write to the program memory, the data must first be
loaded into the buffer registers. There are four 14-bit
buffer registers and they are addressed by the low
2 bits of EEADR.

The following sequence of events illustrate how to
perform a write to program memory:

e Set the EEPGD and WREN bits in the EECONL1
register

e Clear the FREE bit in EECON1

» Write address to EEADRH:EEADR

« Write data to EEDATH:EEDATA

e Write 55 to EECON2

» Write AA to EECON2

» Set WR bit in EECON1

The user must follow the same specific sequence to
initiate the write for each word in the program block
by writing each program word in sequence (00, 01,
10, 11).

There are 4 buffer register words and all four locations
MUST be written to with correct data.

After the “BSF EECON1, WR” instruction, if
EEADR # xxxxxx11, then a short write will occur.
This short write only transfers the data to the buffer
register. The WR bit will be cleared in hardware after
1 cycle.

After the “BSF EECONI1, WR” instruction, if
EEADR = xxxxxx11, then a long write will occur. This
will  simultaneously transfer the data from
EEDATH:EEDATA to the buffer registers and begin the
write of all four words. The processor will execute the
next instruction and then ignore the subsequent
instruction. The user should place NOP instructions into
the second words. The processor will then halt internal
operations for typically 2 msec in which the write takes
place. This is not Sleep mode, as the clocks and
peripherals will continue to run. After the write cycle,
the processor will resume operation with the 3rd
instruction after the EECON1 write instruction.

After each long write, the 4 buffer registers will be reset
to 3FFF.

FIGURE 3-1: BLOCK WRITES TO FLASH PROGRAM MEMORY
7 5 07 0
EEDATH EEDATA
¥
\ 4

8 All buffers are
transferred
V) to Flash

First word of block
to be written

EEADR<1:0> EEADR<1:0>

=00 \: 01
Buffer Register ‘ ‘ Buffer Register

} l

EEADR<1:0>

\ =10
| ‘ Buffer Register

automatically
after this word
is written

EEADR<1:0>

=11
‘ \" Buffer Register |

Program Memory
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An example of the complete four-word write sequence
is shown in Example 3-5. The initial address is loaded
into the EEADRH:EEADR register pair; the four words
of data are loaded using indirect addressing, assuming
that a row erase sequence has already been

performed.

EXAMPLE 3-5:

WRITING TO FLASH PROGRAM MEMORY

; This write routine assumes the following:

(the least significant bits = '00') is loaded into EEADRH:EEADR

data are loaded, starting at an address in RAM called ARRAY.

; 1. The 32 words in the erase block have already been erased.
; 2. A valid starting address
; 3. This example is starting at 0x100, this is an application dependent setting.
; 4. The 8 bytes (4 words) of
; 5. This is an example only, location of data to program is application dependent.
; 6. word block is located in data memory.
BANKSEL EECON1 ;prepare for WRITE procedure
BSF EECON1, EEPGD ;point to program memory
BSF EECON1, WREN ;allow write cycles
BCF EECON1, FREE ;perform write only
BANKSEL word_block
MOVLW .4
MOVWF word_block ;prepare for 4 words to be written
BANKSEL EEADRH ;Start writing at 0x100
MOVLW 0x01
MOVWF EEADRH ;load HIGH address
MOVLW 0x00
MOVWF EEADR ;load LOW address
BANKSEL ARRAY
MOVLW ARRAY ;initialize FSR to start of data
MOVWF FSR
LOOP
BANKSEL EEDATA
MOVF INDF, W ;indirectly load EEDATA
MOVWF EEDATA
INCF FSR, F ;increment data pointer
MOVF INDF, W ;indirectly load EEDATH
MOVWF EEDATH
INCF FSR, F ;increment data pointer
BANKSEL EECON1
MOVLW 0x55 ;required sequence
MOVWF EECON2
B8 wmovLw 0xAA
23 MovwF EECON2
§f/%)- BSF EECON1, WR ;set WR bit to begin write
NOP ;instructions here are ignored as processor
NOP
BANKSEL EEADR
INCF EEADR, f ;load next word address
BANKSEL word_block
DECFSZ word_block, £ ;have 4 words been written?
GOTO loop ;NO, continue with writing
BANKSEL EECON1
BCF EECON1, WREN ;YES, 4 words complete, disable writes
BSF INTCON, GIE ;enable interrupts

© 2005 Microchip Technology Inc.
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3.8

There are conditions when the device should not write
to the data EEPROM memory. To protect against
spurious EEPROM writes, various mechanisms have
been built-in. On power-up, WREN is cleared. Also, the
Power-up Timer (72 ms duration) prevents an
EEPROM write.

The write initiate sequence and the WREN bit together
help prevent an accidental write during brown-out,
power glitch or software malfunction.

Protection Against Spurious Write

3.9

When the data EEPROM is code-protected, the micro-
controller can read and write to the EEPROM normally.
However, all external access to the EEPROM is
disabled. External write access to the program memory
is also disabled.

Operation During Code-Protect

When program memory is code-protected, the micro-
controller can read and write to program memory
normally, as well as execute instructions. Writes by the
device may be selectively inhibited to regions of the
memory depending on the setting of bits WRT1:WRTO
of the Configuration Word (see Section 15.1 “Config-
uration Bits” for additional information). External
access to the memory is also disabled.

TABLE 3-1: REGISTERS/BITS ASSOCIATED WITH DATA EEPROM AND
FLASH PROGRAM MEMORIES

Value on Value on

Address| Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Power-on all other
Reset Resets

10Ch EEDATA |EEPROM/Flash Data Register Low Byte XXXX XXXX |uuuu uuuu
10Dh EEADR |EEPROM/Flash Address Register Low Byte XXXX XXXX |uuuu uuuu
10Eh EEDATH — — |EEPROM/Flash Data Register High Byte --XX XXXX | --uu uuuu
10Fh EEADRH — — — — |EEPROM/Flash Address Register High Byte | - --- xxxx | ---- uuuu
18Ch EECON1 |EEPGD | — — FREE | WRERR | WREN | WR RD x--X X000 |x--x g000
18Dh EECON2 |EEPROM Control Register 2 (not a physical register) | ——oo | =mon —---
0Dh PIR2 OSFIF | CMIF — EEIF — — — — 00-0 ----]00-0 ----
8Dh PIE2 OSFIE | CMIE — EEIE — — — — 00-0 ----]00-0 ----
Legend: x =unknown, u = unchanged, - = unimplemented, read as ‘0’, g = value depends upon condition.

Shaded cells are not used by data EEPROM or Flash program memory.
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40 OSCILLATOR
CONFIGURATIONS

4.1 Oscillator Types

The PIC16F87/88 can be operated in eight different
oscillator modes. The user can program three configu-
ration bits (FOSC2:FOSCO) to select one of these eight
modes (modes 5-8 are new PIC16 oscillator

configurations):
1. LP Low-Power Crystal
2. XT Crystal/Resonator
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FIGURE 4-2: CERAMIC RESONATOR
OPERATION (HS OR XT

OSC CONFIGURATION)

0oscC1

o s

a1

[ RES

'RE® Sleep
osc2|”

(Rs®] 1o '1—

c|2(1)

Note 1. See Table 4-2 for typical values of C1 and
Cc2.

2: A series resistor (Rs) may be required.

3: RF varies with the resonator chosen
(typically between 2 MQ to 10 MQ).

TABLE 4-2: CERAMIC RESONATORS
(FOR DESIGN GUIDANCE

ONLY)

Typical Capacitor Values Used:

Mode Freq OscC1 osc2
XT 455 kHz 56 pF 56 pF
2.0 MHz 47 pF 47 pF

4.0 MHz 33 pF 33 pF

HS 8.0 MHz 27 pF 27 pF
16.0 MHz 22 pF 22 pF

Capacitor values are for design guidance only.

These capacitors were tested with the resonators
listed below for basic start-up and operation. These
values were not optimized.

Different capacitor values may be required to produce
acceptable oscillator operation. The user should test
the performance of the oscillator over the expected
VDD and temperature range for the application.

See the notes following this table for additional
information.

Note:  When using resonators with frequencies
above 3.5 MHz, the use of HS mode,
rather than XT mode, is recommended.
HS mode may be used at any VDD for
which the controller is rated. If HS is
selected, it is possible that the gain of the
oscillator will overdrive the resonator.
Therefore, a series resistor should be
placed between the OSC2 pin and the
resonator. As a good starting point, the
recommended value of Rs is 330Q.

4.3 External Clock Input

The ECIO Oscillator mode requires an external clock
source to be connected to the OSC1 pin. There is no
oscillator start-up time required after a Power-on
Reset, or after an exit from Sleep mode.

In the ECIO Oscillator mode, the OSC2 pin becomes
an additional general purpose I/O pin. The /O pin
becomes bit 6 of PORTA (RAG6). Figure 4-3 shows the
pin connections for the ECIO Oscillator mode.
FIGURE 4-3: EXTERNAL CLOCK INPUT
OPERATION

(ECIO CONFIGURATION)
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4.4 RC Oscillator

For timing insensitive applications, the “RC” and
“RCIO” device options offer additional cost savings.
The RC oscillator frequency is a function of the supply
voltage, the resistor (REXT) and capacitor (CEXT) val-
ues and the operating temperature. In addition to this,
the oscillator frequency will vary from unit to unit due to
normal manufacturing variation. Furthermore, the dif-
ference in lead frame capacitance between package
types will also affect the oscillation frequency,
especially for low CEXT values. The user also needs to
take into account variation due to tolerance of external
R and C components used. Figure 4-4 shows how the
R/C combination is connected.

In the RC Oscillator mode, the oscillator frequency
divided by 4 is available on the OSC2 pin. This signal may
be used for test purposes or to synchronize other logic.

FIGURE 4-4:

VbD

RC OSCILLATOR MODE

REXT

0sC1 | Internal
L \>_T_> Clock
CEXT j;l

_
= PIC16F87/88

Vss —
—-%— OSC2/CLKO
Fosc/4
Recommended values: 3 kQ < REXT <100 kQ

CEXT > 20 pF

The RCIO Oscillator mode (Figure 4-5) functions like
the RC mode, except that the OSC2 pin becomes an
additional general purpose 1/O pin. The /O pin
becomes hit 6 of PORTA (RAG6).

FIGURE 4-5: RCIO OSCILLATOR MODE
VDD

REXT

0sC1 > Internal

T [—> Clock
CEXT J— J;l
Vss — = PIC16F87/88
RA6 «—] /O (OSC2)
Recommended values: 3 kQ < REXT < 100 kQ
CEXT > 20 pF

4.5 Internal Oscillator Block

The PIC16F87/88 devices include an internal oscillator
block which generates two different clock signals;
either can be used as the system’s clock source. This
can eliminate the need for external oscillator circuits on
the OSC1 and/or OSC2 pins.

The main output (INTOSC) is an 8 MHz clock source
which can be used to directly drive the system clock. It
also drives the INTOSC postscaler which can provide a
range of six clock frequencies from 125 kHz to 4 MHz.

The other clock source is the internal RC oscillator
(INTRC) which provides a 31.25 kHz (32 us nominal
period) output. The INTRC oscillator is enabled by
selecting the INTRC as the system clock source or
when any of the following are enabled:

e Power-up Timer

» Watchdog Timer

» Two-Speed Start-up

* Fail-Safe Clock Monitor

These features are discussed in greater detail in
Section 15.0 “Special Features of the CPU".

The clock source frequency (INTOSC direct, INTRC
direct or INTOSC postscaler) is selected by configuring
the IRCF bits of the OSCCON register (page 40).

Note:  Throughout this data sheet, when referring
specifically to a generic clock source, the
term “INTRC” may also be used to refer to
the clock modes using the internal oscillator
block. This is regardless of whether the
actual frequency used is INTOSC (8 MHz),
the INTOSC postscaler or INTRC

(31.25 kHz).
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451 INTRC MODES

Using the internal oscillator as the clock source can
eliminate the need for up to two external oscillator pins,
after which it can be used for digital 1/0. Two distinct
configurations are available:

* In INTIO1 mode, the OSC2 pin outputs Fosc/4,
while OSC1 functions as RA7 for digital input and
output.

* In INTIO2 mode, OSC1 functions as RA7 and
OSC2 functions as RAB6, both for digital input and
output.

45.2 OSCTUNE REGISTER

The internal oscillator’s output has been calibrated at the
factory but can be adjusted in the application. This is
done by writing to the OSCTUNE register (Register 4-1).
The tuning sensitivity is constant throughout the tuning
range. The OSCTUNE register has a tuning range of
+12.5%.

When the OSCTUNE register is modified, the INTOSC
and INTRC frequencies will begin shifting to the new fre-
guency. The INTRC clock will reach the new frequency
within 8 clock cycles (approximately 8 * 32 us = 256 us);
the INTOSC clock will stabilize within 1 ms. Code execu-
tion continues during this shift. There is no indication that
the shift has occurred. Operation of features that depend
on the 31.25 kHz INTRC clock source frequency, such
as the WDT, Fail-Safe Clock Monitor and peripherals,
will also be affected by the change in frequency.

REGISTER 4-1: OSCTUNE: OSCILLATOR TUNING REGISTER (ADDRESS 90h)
uU-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — TUNS | TUN4 | TUN3 | TUN2 | TUN1 | TUNO
bit 7 bit 0
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 TUN<5:0>: Frequency Tuning bits
011111 = Maximum frequency
011110 =
000001 =

000000 = Center frequency. Oscillator module is running at the calibrated frequency.

111111 =

100000 = 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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4.6 Clock Sources and Oscillator
Switching

The PIC16F87/88 devices include a feature that allows
the system clock source to be switched from the main
oscillator to an alternate low-frequency clock source.
PIC16F87/88 devices offer three alternate clock
sources. When enabled, these give additional options
for switching to the various power-managed operating
modes.

Essentially, there are three clock sources for these
devices:

* Primary oscillators
« Secondary oscillators
« Internal oscillator block (INTRC)

The primary oscillators include the External Crystal
and Resonator modes, the External RC modes, the
External Clock mode and the internal oscillator block.
The particular mode is defined on POR by the contents
of Configuration Word 1. The details of these modes
are covered earlier in this chapter.

The secondary oscillators are those external sources
not connected to the OSC1 or OSC2 pins. These
sources may continue to operate even after the
controller is placed in a power-managed mode.

PIC16F87/88 devices offer the Timerl oscillator as a
secondary oscillator. This oscillator continues to run
when a SLEEP instruction is executed and is often the
time base for functions such as a real-time clock.

Most often, a 32.768 kHz watch crystal is connected
between the RB6/T10SO and RB7/T10SI pins. Like
the LP mode oscillator circuit, loading capacitors are
also connected from each pin to ground. The Timerl
oscillator is discussed in greater detail in Section 7.6
“Timerl Oscillator”.

In addition to being a primary clock source, the internal
oscillator block is available as a power-managed
mode clock source. The 31.25 kHz INTRC source is
also used as the clock source for several special
features, such as the WDT, Fail-Safe Clock Monitor,
Power-up Timer and Two-Speed Start-up.

The clock sources for the PIC16F87/88 devices are
shown in Figure 4-6. See Section 7.0 “Timerl Mod-
ule” for further details of the Timerl oscillator. See
Section 15.1 “Configuration Bits” for Configuration
register details.

46.1 OSCCON REGISTER

The OSCCON register (Register 4-2) controls several
aspects of the system clock’s operation, both in full
power operation and in power-managed modes.

The System Clock Select hits, SCS1:SCSO0, select the
clock source that is used when the device is operating
in power-managed modes. When the bits are
cleared (SCS<1:0> = 00), the system clock source
comes from the main oscillator that is selected by the

FOSC2:FOSCO configuration bits in Configuration
Word 1 register. When the bits are set in any other
manner, the system clock source is provided by the
Timerl oscillator (SCS1:SCS0 = 01) or from the
internal oscillator block (SCS1:SCS0 = 10). After a
Reset, SCS<1:0> are always set to ‘00’.

Note:  The instruction to immediately follow the
modification of SCS<1:0> will have an
instruction time (Tcy) based on the previ-
ous clock source. This should be taken
into consideration when developing time
dependant code.

The Internal Oscillator Select bits, IRCF2:IRCFO, select
the frequency output of the internal oscillator block that
is used to drive the system clock. The choices are the
INTRC source (31.25kHz), the INTOSC source
(8 MHz) or one of the six frequencies derived from the
INTOSC postscaler (125 kHz to 4 MHz). Changing the
configuration of these bits has an immediate change on
the multiplexor’s frequency output.

The OSTS and IOFS bits indicate the status of the
primary oscillator and INTOSC source; these bits are
set when their respective oscillators are stable. In
particular, OSTS indicates that the Oscillator Start-up
Timer has timed out.

4.6.2 CLOCK SWITCHING
Clock switching will occur for the following reasons:

* The FCMEN (CONFIG2<0>) bit is set, the device
is running from the primary oscillator and the
primary oscillator fails. The clock source will be
the internal RC oscillator.

« The FCMEN bit is set, the device is running from
the T1IOSC and T10SC fails. The clock source
will be the internal RC oscillator.

* Following a wake-up due to a Reset or a POR,
when the device is configured for Two-Speed
Start-up mode, switching will occur between the
INTRC and the system clock defined by the
FOSC<2:0> bits.

« A wake-up from Sleep occurs due to an interrupt or
WDT wake-up and Two-Speed Start-up is enabled.
If the primary clock is XT, HS or LP, the clock will
switch between the INTRC and the primary system
clock after 1024 clocks (OST) and 8 clocks of the
primary oscillator. This is conditional upon the SCS
bits being set equal to ‘00’.

« SCS bits are modified from their original value.
» IRCF bits are modified from their original value.

Note:  Because the SCS bits are cleared on any
Reset, no clock switching will occur on a
Reset unless the Two-Speed Start-up is
enabled and the primary clock is XT, HS or
LP. The device will wait for the primary
clock to become stable before execution
begins (Two-Speed Start-up disabled).
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4.6.3 CLOCK TRANSITION AND WDT

When clock switching is performed, the Watchdog
Timer is disabled because the Watchdog ripple counter
is used as the Oscillator Start-up Timer.

Once the clock transition is complete (i.e., new oscilla-
tor selection switch has occurred), the Watchdog
counter is re-enabled with the counter reset. This
allows the user to synchronize the Watchdog Timer to

the start of execution at the new clock frequency.

Note:

The OST is only used when switching to
XT, HS and LP Oscillator modes.

REGISTER 4-2:

bit 7
bit 6-4

bit 3

bit 2

bit 1-0

OSCCON: OSCILLATOR CONTROL REGISTER (ADDRESS 8Fh)
uU-0 R/W-0 R/W-0 R/W-0 R-0 R/W-0 R/W-0 R/W-0

— IRCF2 | IRCF1 | IRCFO | osTs®W | 1oFs | scs1 | scso

bit 7 bit 0

Unimplemented: Read as ‘0’

IRCF<2:0>: Internal RC Oscillator Frequency Select bits
000 =31.25 kHz

001 =125 kHz

010 =250 kHz

011 =500 kHz

100 =1 MHz

101 =2 MHz

110 =4 MHz

111 =8 MHz

OSTS: Oscillator Start-up Time-out Status bit®)
1 = Device is running from the primary system clock
0 = Device is running from T1OSC or INTRC as a secondary system clock

Note 1: Bit resets to ‘0’ with Two-Speed Start-up mode and LP, XT or HS selected as the

oscillator mode.

IOFS: INTOSC Frequency Stable bit

1 = Frequency is stable

0 = Frequency is not stable

SCS<1:0>: Oscillator Mode Select bits

00 = Oscillator mode defined by FOSC<2:0>

01 = T10SC is used for system clock

10 = Internal RC is used for system clock
11 = Reserved

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

DS30487C-page 40

© 2005 Microchip Technology Inc.



PIC16F87/88

FIGURE 4-6: PIC16F87/88 CLOCK DIAGRAM
o . Configuration Word 1 (FOSC2:FOSCO)
‘Primary Ostillator .
05C2 % ' . SCS<1:0> (T1OSC)
: : Sleep
: : > LP, XT, HS, RC, EC _
OSClKI R =
11050 |E :Sfcondf\ry:Oscnlator ,/\ ~ T10SC é Penpherflls
: == s
| T10SCEN To Timerl
! Enable
Oscillator OSCCON<6:4> Internal Oscillator
8 MHz, [ CPU
> R
4 MHz
Internal 110
Oscillator 2 MHz_ 101
Block & 1MHz_
s 00 X
PV % 500kHz | 3
31.25kHz | | (INTOSC) | & | 250kHz
Source 010
125 kHz, 001
31.25 kHz
31.25 kHz 000
(INTRC) / WDT, FSCM

46.4 MODIFYING THE IRCF BITS

The IRCF bits can be modified at any time regardless of
which clock source is currently being used as the
system clock. The internal oscillator allows users to
change the frequency during run time. This is achieved
by modifying the IRCF bits in the OSCCON register.
The sequence of events that occur after the IRCF bits
are modified is dependent upon the initial value of the
IRCF bits before they are modified. If the INTRC
(31.25 kHz, IRCF<2:0> = 000) is running and the IRCF
bits are modified to any other value than ‘000’, a 4 ms
(approx.) clock switch delay is turned on. Code execu-
tion continues at a higher than expected frequency
while the new frequency stabilizes. Time sensitive code
should wait for the IOFS bit in the OSCCON register to
become set before continuing. This bit can be moni-
tored to ensure that the frequency is stable before using
the system clock in time critical applications.

If the IRCF bits are modified while the internal oscillator
is running at any other frequency than INTRC
(31.25 kHz, IRCF<2:0> # 000), there is no need for a
4 ms (approx.) clock switch delay. The new INTOSC
frequency will be stable immediately after the eight fall-
ing edges. The IOFS bit will remain set after clock
switching occurs.

Note:  Caution must be taken when modifying the
IRCF bits using BCF or BSF instructions. It
is possible to modify the IRCF bits to a
frequency that may be out of the VDD spec-
ification range; for example, VDD = 2.0V

and IRCF = 111 (8 MHz).

46.5 CLOCK TRANSITION SEQUENCE

Following are three different sequences for switching
the internal RC oscillator frequency.

» Clock before switch: 31.25 kHz (IRCF<2:0> = 000)
1. IRCF bits are modified to an INTOSC/INTOSC
postscaler frequency.

The clock switching circuitry waits for a falling
edge of the current clock, at which point CLKO
is held low.

The clock switching circuitry then waits for eight
falling edges of requested clock, after which it
switches CLKO to this new clock source.

The IOFS bit is clear to indicate that the clock is
unstable and a 4 ms (approx.) delay is started.
Time dependent code should wait for IOFS to
become set.

5. Switchover is complete.

* Clock before switch: One of INTOSC/INTOSC
postscaler (IRCF<2:0> # 000)

1. IRCF bits are modified to INTRC
(IRCF<2:0> = 000).

2. The clock switching circuitry waits for a falling
edge of the current clock, at which point CLKO
is held low.

3. The clock switching circuitry then waits for eight
falling edges of requested clock, after which it
switches CLKO to this new clock source.

4. Oscillator switchover is complete.
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* Clock before switch: One of INTOSC/INTOSC
postscaler (IRCF<2:0> # 000)

1. IRCF bits are modified to a different INTOSC/
INTOSC postscaler frequency.

2. The clock switching circuitry waits for a falling
edge of the current clock, at which point CLKO

is held low.

3. The clock switching circuitry then waits for eight
falling edges of requested clock, after which it
switches CLKO to this new clock source.

4. The IOFS bit is set.

5. Oscillator switchover is complete.

4.6.6

OSCILLATOR DELAY UPON
POWER-UP, WAKE-UP AND
CLOCK SWITCHING

Table 4-3 shows the different delays invoked for
various clock switching sequences. It also shows the
delays invoked for POR and wake-up.

TABLE 4-3: OSCILLATOR DELAY EXAMPLES
Clock Switch
Frequency Oscillator Delay Comments
From To
INTRC 31.25 kHz @)
T10SC 32.768 kHz CPU Start-up
Sleep/POR | INTOSC/
4 ms (approx.) and |Following a wake-up from Sleep mode or
INTOSC 125 kHz-8 MHz o) -
Postscaler CPU Start-up POR, CPU start-up is invoked to allow the
CPU to become ready for code execution.
INTRC/Sleep | EC, RC DC — 20 MHz
INTRC
(31.25 kHz) EC, RC DC — 20 MHz
1024 Clock Cycles |Following a change from INTRC, an OST
Sleep LP, XT, HS| 32.768 kHz-20 MHz (0ST) of 1024 cycles must oceur.
INTOSC/ . s
INTRC Refer to Section 4.6.4 “Modifying the
(31.25 kHz) INTOSC 125 kHz-8 MHz 4 ms (approx.) IRCF Bits” for further details.
Postscaler
Note 1: The 5-10 us start-up delay is based on a 1 MHz system clock.
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4.7 Power-Managed Modes

4.7.1 RC_RUN MODE

When SCS bits are configured to run from the INTRC,
a clock transition is generated if the system clock is
not already using the INTRC. The event will clear the
OSTS bit, switch the system clock from the primary
system clock (if SCS<1:0> = 00) determined by the
value contained in the configuration bits, or from the
T1OSC (if SCS<1:0> = 01) to the INTRC clock option
and shut down the primary system clock to conserve
power. Clock switching will not occur if the primary
system clock is already configured as INTRC.

If the system clock does not come from the INTRC
(31.25 kHz) when the SCS bits are changed and the
IRCF bits in the OSCCON register are configured for a
frequency other than INTRC, the frequency may not be
stable immediately. The IOFS bit (OSCCON<2>) will
be set when the INTOSC or postscaler frequency is
stable, after 4 ms (approx.).

After a clock switch has been executed, the OSTS bit
is cleared, indicating a low-power mode and the
device does not run from the primary system clock.
The internal Q clocks are held in the Q1 state until
eight falling edge clocks are counted on the INTRC
oscillator. After the eight clock periods have
transpired, the clock input to the Q clocks is released
and operation resumes (see Figure 4-7).

FIGURE 4-7: TIMING DIAGRAM FOR XT, HS, LP, EC AND EXTRC TO RC_RUN MODE
Qilezleslealor QL; Q2 ; Q3 ' Q4. QL , Q2 , Q3 , Q4 QL
wrosc L ' | ' ' . ' / ' .
. | l :4_ Tscs® | | \ : : : : !
osc1 ' . : : : !
System Tosc? ' : :/_\_:/_\_:/_\_:/_\_:/_\_;’_\_/I_\_}_\
Clock T : ] . d { d f f
CTDLY(4) . ! : : : : : :
SCS<1:0> ~ 5 . ; ; ; ; 5
Comnier PC__ X PC+1 Y\ Pciz . ypci3
Note 1: TINP = 32 us typical.
2: Tosc = 50 ns minimum.
3: Tscs = 8 TiNP.
4: ToLy = 1 TINP.
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4.7.2 SEC_RUN MODE

The core and peripherals can be configured to be
clocked by T10SC using a 32.768 kHz crystal. The
crystal must be connected to the TLIOSO and T10SI
pins. This is the same configuration as the low-power
timer circuit (see Section 7.6 “Timerl Oscillator”).
When SCS bits are configured to run from T1OSC, a
clock transition is generated. It will clear the OSTS bit,
switch the system clock from either the primary system
clock or INTRC, depending on the value of SCS<1:0>
and FOSC<2:0>, to the external low-power Timerl
oscillator input (TLOSC) and shut down the primary
system clock to conserve power.

After a clock switch has been executed, the internal Q
clocks are held in the Q1 state until eight falling edge
clocks are counted on the T10SC. After the eight
clock periods have transpired, the clock input to the Q
clocks is released and operation resumes (see
Figure 4-8). In addition, TAIRUN (In TLCON) is set to
indicate that TLOSC is being used as the system
clock.

FIGURE 4-8:

Note 1: The T1IOSCEN bit must be enabled and it
is the user’s responsibility to ensure
T1OSC is stable before clock switching to
the T1OSC input clock can occur.

2: When T1OSCEN = 0, the following possible

effects result.

Original | Modified Final
SCS<1:0> | SCS<1:0> SCS<1:0>

00 01 00 — no change

00 11 10— INTRC

10 11 10 — no change

10 01 00 — Oscillator
defined by
FOSC<2:0>

A clock switching event will occur if the
final state of the SCS bits is different from

the original.

TIMING DIAGRAM FOR SWITCHING TO SEC_RUN MODE

Q1/Q21Q31Q4|0Q1

Q1 Q2 |

Q3 :Q4,0Q1,Q2,Q3, Q4,01

Note 1:
2: Tosc =50 ns minimum.
3: Tscs=8TTlP
4: ToLy =1TrTlpP.

' 'TTlP(l) f | ' ' ' ' |
Lo ! e ! \ \ )
L o Tscs® ' ' ! ' : X : '
osc1 ' . : ' ' ;
AR T
Tosc®@ . ' . ' X . . . . X
System M\ [\ /\ O\ SN\ N\
Clock ' X ' ! ' ! ' ! ' '
- S
"Toy® ! ! ' ) . ' | :
SCS<1.0> % . : . . . ; ,
PCrogre;m PC ¥ PC +1 X ' ' X L, PC+2 | PC+3
ounter \ ! . . . . .
TTlP = 30.52 ps.
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4.7.3 SEC_RUN/RC_RUN TO PRIMARY
CLOCK SOURCE

When switching from a SEC_RUN or RC_RUN mode
back to the primary system clock, following a change
of SCS<1:0> to ‘00’, the sequence of events that takes
place will depend upon the value of the FOSC bits in
the Configuration register. If the primary clock source
is configured as a crystal (HS, XT or LP), then the tran-
sition will take place after 1024 clock cycles. This is
necessary because the crystal oscillator has been
powered down until the time of the transition. In order
to provide the system with a reliable clock when the
changeover has occurred, the clock will not be
released to the changeover circuit until the 1024 count
has expired.

During the oscillator start-up time, the system clock
comes from the current system clock. Instruction
execution and/or peripheral operation continues using
the currently selected oscillator as the CPU clock
source, until the necessary clock count has expired, to
ensure that the primary system clock is stable.

To know when the OST has expired, the OSTS bit
should be monitored. OSTS = 1 indicates that the
Oscillator Start-up Timer has timed out and the system
clock comes from the primary clock source.

Following the oscillator start-up time, the internal Q
clocks are held in the Q1 state until eight falling edge
clocks are counted from the primary system clock. The
clock input to the Q clocks is then released and opera-
tion resumes with the primary system clock determined
by the FOSC bits (see Figure 4-10).

When in SEC_RUN mode, the act of clearing the
T1OSCEN bit in the T1CON register will cause
SCS<0> to be cleared, which causes the SCS<1:0>
bits to revertto ‘00’ or ‘10’ depending on what SCS<1>
is. Although the TLOSCEN bit was cleared, TLIOSC will
be enabled and instruction execution will continue until
the OST time-out for the main system clock is com-
plete. At that time, the system clock will switch from the
T10OSC to the primary clock or the INTRC. Following
this, the T1 oscillator will be shut down.

Note: If the primary system clock is either RC or
EC, an internal delay timer (5-10 pus) will
suspend operation after exiting Secondary
Clock mode to allow the CPU to become
ready for code execution.

4.7.3.1 Returning to Primary Clock Source
Sequence

Changing back to the primary oscillator from
SEC_RUN or RC_RUN can be accomplished by either
changing SCS<1:0> to ‘00’, or clearing the TLOSCEN
bit in the TLCON register (if TLOSC was the secondary
clock).

The sequence of events that follows is the same for
both modes:

1. If the primary system clock is configured as EC,
RC or INTRC, then the OST time-out is skipped.
Skip to step 3.

2. If the primary system clock is configured as an
external oscillator (HS, XT, LP), then the OST
will be active, waiting for 1024 clocks of the
primary system clock.

3. On the following Q1, the device holds the
system clock in Q1.

4. The device stays in Q1 while eight falling edges
of the primary system clock are counted.

5. Once the eight counts transpire, the device
begins to run from the primary oscillator.

6. If the secondary clock was INTRC and the
primary is not INTRC, the INTRC will be shut
down to save current providing that the INTRC
is not being used for any other function, such as
WDT or Fail-Safe Clock monitoring.

7. If the secondary clock was T10SC, the TLIOSC
will continue to run if TLOSCEN is still set;
otherwise, the T1 oscillator will be shut down.
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FIGURE 4-9: TIMING FOR TRANSITION BETWEEN SEC_RUN/RC_RUN AND PRIMARY CLOCK
Tr1p® or Tinp()
@ e lel e, o an 02,0304 01, Q2 Q3; 4
Secondary: : : : ' ' : L
Oscillator | / : : | |

: TosT [ ' ' Lo .
0sC2 . C o '
: :Tosc(?’) : TSCS(4) ' ' : : : !
Primary Clock - e Wl Wl AW e W W e WAl a Ve

sysemanee /o /TN AN Vel Wa oWl

SCs<1:0> | Toy® '
OSTS . !
Program Y
Counter — S X PC+1 X PC+2 ¥ PC+3

Note 1: T1lp =30.52 ps.

2: TINP = 32 us typical.

3: Tosc =50 ns minimum.
4: Tscs=8 TINP OR 8 TT1P.
5. ToLy =1TINPOR 1 TT1P.
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4.7.3.2 Returning to Primary Oscillator with

a Reset

A Reset will clear SCS<1:0> back to ‘00’. The
sequence for starting the primary oscillator following a
Reset is the same for all forms of Reset, including
POR. There is no transition sequence from the
alternate system clock to the primary system clock on
a Reset condition. Instead, the device will reset the
state of the OSCCON register and default to the
primary system clock. The sequence of events that
takes place after this will depend upon the value of the
FOSC bits in the Configuration register. If the external
oscillator is configured as a crystal (HS, XT or LP), the
CPU will be held in the Q1 state until 1024 clock cycles
have transpired on the primary clock. This is
necessary because the crystal oscillator has been
powered down until the time of the transition.

During the oscillator start-up time, instruction
execution and/or peripheral operation is suspended.

Note: If Two-Speed Clock Start-up mode is
enabled, the INTRC will act as the system

clock until the OST timer has timed out.

If the primary system clock is either RC, EC or INTRC,
the CPU will begin operating on the first Q1 cycle
following the wake-up event. This means that there is

FIGURE 4-10:

no oscillator start-up time required because the
primary clock is already stable; however, there is a
delay between the wake-up event and the following
Q2. An internal delay timer of 5-10 us will suspend
operation after the Reset to allow the CPU to become
ready for code execution. The CPU and peripheral
clock will be held in the first Q1.

The sequence of events is as follows:

1. A device Reset is asserted from one of many
sources (WDT, BOR, MCLR, etc.).

2.  The device resets and the CPU start-up timer is
enabled if in Sleep mode. The device is held in
Reset until the CPU start-up time-out is
complete.

3. If the primary system clock is configured as an
external oscillator (HS, XT, LP), then the OST
will be active waiting for 1024 clocks of the
primary system clock. While waiting for the OST,
the device will be held in Reset. The OST and
CPU start-up timers run in parallel.

4. After both the CPU start-up and OST timers
have timed out, the device will wait for one addi-
tional clock cycle and instruction execution will
begin.

PRIMARY SYSTEM CLOCK AFTER RESET (HS, XT, LP)

T10SI

Tr1P(M)
Q1;Q2/Q3;Q4;Q1; Q2; Q3;Q4; Q1;Q2;Q3;Q4;Q1; Q2 Q3; Q4

S N vy N L W e W W Wa W W WA A WA WA WA WA WA WA WA W

Note 1. Ttlp =30.52 pus.
2: Tosc =50 ns minimum.
3: Tcpu =5-10 ps (1 MHz system clock).

! T TosT ' | [ | I I P |
osc2 : AVAVAWAWAWAWAWRWAWRWAWAWAWAWAWAWAWAWaN
1 v Tepu® e e S S S
. e —— vooTosc® L
cPusartup /N
System Clock / F\_/‘\_/‘\IL/’\_/’\J‘\_/‘\_/‘\_/‘\J‘\J‘\J_\I\J_\_/’\_/_LF\J_\_
Peripheral « /~ \ | : — . : : ' : — — )
Clock ' 7 : X ' : g :
Reset_ [\ I Z : t
Sleep ——————— : : : :
0sTs L : : : :
Program : y y
Counter PC X 0000h X 0001h X 0003h Y 0004h Y 0005h
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FIGURE 4-11: PRIMARY SYSTEM CLOCK AFTER RESET (EC, RC, INTRC)
: 171
04 o1

Q1.Q2,Q3,Q4,0Q1, Q2, Q3,Q4, Q1,Q2,Q3,Q4 | Q1,Q2,Q3, Q4]

OSTS

Program PC X 0000h

Counter

Note 1: Tt1lp =30.52 us.
2: Tcpu = 5-10 us (1 MHz system clock).
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TABLE 4-4: CLOCK SWITCHING MODES
Current | o5 Bits <1:0> osTs | 10Fs |T1RUN| _NeW
System . . Delay . . . System Comments
Modified to: Bit Bit Bit
Clock Clock
LP, XT, HS, 10 8 Clocks of 0 1@ 0 INTRC | The internal RC oscillator
T10SC, (INTRC) INTRC or frequency is dependant upon
EC, RC | FOSC<2:0>=LP, INTOSC |the IRCF bits.
XT or HS or
INTOSC
Postscaler
LP, XT, HS, 01 8 Clocks of 0 N/A 1 T10SC |T1OSCEN bit must be
INTRC, (T1OSC) T10SC enabled.
EC,RC | FOSC<2:0>=LP,
XT or HS
INTRC 00 8 Clocks of 1 N/A 0 EC
T10SC | FOSC<2:0>=EC EC or
or or RC
FOSC<2:0>=RC RC
INTRC 00 1024 Clocks 1 N/A 0 LP, XT, HS | During the 1024 clocks,
T10SC | FOSC<2:0>=LP, (0OST) program execution is clocked
XT, HS + from the secondary oscillator
8 Clocks of until the primary oscillator
LP, XT, HS becomes stable.
LP, XT, HS 00 1024 Clocks 1 N/A 0 LP, XT, HS | When a Reset occurs, there is
(Due to Reset) (OST) no clock transition sequence.
LP, XT, HS Instruction execution and/or

peripheral operation is
suspended unless Two-Speed
Start-up mode is enabled, after
which the INTRC will act as the
system clock until the OST
timer has expired.

Note 1: Ifthe new clock source is the INTOSC or INTOSC postscaler, then the IOFS bit will be set 4 ms (approx.)

after the clock change.
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4.7.4 EXITING SLEEP WITH AN
INTERRUPT

Any interrupt, such as WDT or INTO, will cause the part
to leave the Sleep mode.

The SCS bits are unaffected by a SLEEP command and
are the same before and after entering and leaving
Sleep. The clock source used after an exit from Sleep
is determined by the SCS bits.

4.7.4.1 Sequence of Events
If SCS<1:0>=o00:

1. The device is held in Sleep until the CPU start-up
time-out is complete.

2. If the primary system clock is configured as an
external oscillator (HS, XT, LP), then the OST will
be active waiting for 1024 clocks of the primary
system clock. While waiting for the OST, the
device will be held in Sleep unless Two-Speed
Start-up is enabled. The OST and CPU start-up
timers run in parallel. Refer to Section 15.12.3
“Two-Speed Clock Start-up Mode” for details
on Two-Speed Start-up.

3. After both the CPU start-up and OST timers
have timed out, the device will exit Sleep and
begin instruction execution with the primary
clock defined by the FOSC bits.

If SCS<1:0> =01 or 10:

1.

The device is held in Sleep until the CPU start-up
time-out is complete.

After the CPU start-up timer has timed out, the
device will exit Sleep and begin instruction
execution with the selected oscillator mode.

Note: If a user changes SCS<1:0> just before

entering Sleep mode, the system clock
used when exiting Sleep mode could be
different than the system clock used when
entering Sleep mode.

As an example, if SCS<1:0> = 01 and
T10SC is the system clock and the
following instructions are executed:

BCF OSCCON, SCSO0
SLEEP

then a clock change event is executed. If
the primary oscillator is XT, LP or HS, the
core will continue to run off TLOSC and
execute the SLEEP command.

When Sleep is exited, the part will resume
operation with the primary oscillator after
the OST has expired.
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5.0 /O PORTS

Some pins for these I/O ports are multiplexed with an
alternate function for the peripheral features on the
device. In general, when a peripheral is enabled, that
pin may not be used as a general purpose 1/O pin.

Additional information on I/O ports may be found in the
“PICmicro® Mid-Range MCU Family Reference Manual”
(DS33023).

51 PORTA and the TRISA Register

PORTA is an 8-bit wide, bidirectional port. The corre-
sponding data direction register is TRISA. 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).

Note: On a Power-on Reset, the pins
PORTA<4:0> are configured as analog

inputs and read as ‘0.

Reading the PORTA register, 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.

Pin RA4 is multiplexed with the Timer0 module clock
input. On PIC16F88 devices, it is also multiplexed with
an analog input to become the RA4/AN4/TOCKI/
C20UT pin. The RA4/AN4/TOCKI/C20UT pin is a
Schmitt Trigger input and full CMOS output driver.

Pin RA5 is multiplexed with the Master Clear module
input. The RAS/MCLR/VPP pin is a Schmitt Trigger
input.

Pin RAG6 is multiplexed with the oscillator module input
and external oscillator output. Pin RA7 is multiplexed
with the oscillator module input and external oscillator
input. Pin RA6/0SC2/CLKO and pin RA7/0OSC1/CLKI
are Schmitt Trigger inputs and full CMOS output drivers.

Pins RA<1:0> are multiplexed with analog inputs. Pins
RA<3:2> are multiplexed with analog inputs and com-
parator outputs. On PIC16F88 devices, pins RA<3:2>
are also multiplexed with the VREF inputs. Pins RA<3:0>
have TTL inputs and full CMOS output drivers.

EXAMPLE 5-1: INITIALIZING PORTA
BANKSEL PORTA ; select bank of PORTA
CLRF PORTA ; Initialize PORTA by

; clearing output
; data latches
BANKSEL ANSEL ; Select Bank of ANSEL

MOVLW 0x00 ; Configure all pins
MOVWF ANSEL ; as digital inputs
MOVLW OXFF ; Value used to

; initialize data

; direction
MOVWF TRISA ; Set RA<7:0> as inputs

TABLE 5-1: PORTA FUNCTIONS
Name Bit# Buffer Function

RAO/ANO bit 0 TTL Input/output or analog input.

RA1/AN1 bit 1 TTL Input/output or analog input.

RA2/AN2/CVREF/VREF-(? bit 2 TTL Input/output, analog input, VREF- or comparator VREF
output.

RA3/AN3/VRer+(@/C10UT bit 3 TTL Input/output, analog input, VREF+ or comparator output.

RA4/AN4@)/TOCKI/C20UT bit 4 ST Input/output, analog input, TMRO external input or
comparator output.

RA5/MCLR/VPP bit 5 ST Input, Master Clear (Reset) or programming voltage input.

RA6/0SC2/CLKO bit 6 ST Input/output, connects to crystal or resonator, oscillator
output or 1/4 the frequency of OSC1 and denotes the
instruction cycle in RC mode.

RA7/0SC1/CLKI bit 7 | ST/ICMOSH Input/output, connects to crystal or resonator or oscillator
input.

Legend: TTL =TTL input, ST = Schmitt Trigger input

Note 1:
2. PIC16F88 only.

This buffer is a Schmitt Trigger input when configured in RC Oscillator mode and a CMOS input otherwise.

© 2005 Microchip Technology Inc.

DS30487C-page 51




PIC16F87/88

TABLE 5-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA
Value on Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit3 | Bit2 | Bitl | BitO all other
POR, BOR
Resets
05h PORTA RA7 RA6 RA5 RA4 | RA3 | RA2 | RAL | RAO | xxxx 0000®| wuuu oooo®
xxx0 0000@| uuuo 0000@
85h TRISA TRISA7 | TRISA6 | TRISA5®) | PORTA Data Direction Register 1111 1111 1111 1111
9Fh ADCON1 | ADFM | ADCS2 | VCFG1 |VCFGO| — — — — 0000 ---- 0000 ----
9Bh ANSEL® — ANS6 ANS5 ANS4 | ANS3 | ANS2 | ANS1 [ ANSO | -111 1111 -111 1111
Legend: x =unknown, u = unchanged, - = unimplemented locations read as ‘0’. Shaded cells are not used by PORTA.
Note 1: This value applies only to the PIC16F87.
2:  This value applies only to the PIC16F88.
3:  Pin5is an input only; the state of the TRISAS5 bit has no effect and will always read ‘1.
4: PIC16F88 device only.
FIGURE 5-1: BLOCK DIAGRAM OF RAO/ANO0:RA1/AN1 PINS
Data
Bus D Q
WR VDDV
— DD
PORTA CK™ 0 :) .
Data Latch
‘o -1
Q 1 N 1/0 pin
WR
TRISA CK™ O
TRIS Latch vss
Analog
) Input Mode
TTL
RD TRISA Input Buffer
Q D
EN
RD PORTA

__ To Comparator

>

__ To A/D Module Channel Input (PIC16F88 only)
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FIGURE 5-2: BLOCK DIAGRAM OF RA3/AN3/VREF+/C10OUT PIN
Bata Comparator Mode = 110
us D Q
WR Comparator 1 Output Dc VDD
PORTA — VDD
Ao 3 T A T
P
Data Latch
D Q RAZ DI
— in
WR )M P
TRISA CK™ O
VSs Vss
TRIS Latch Analog
Input Mode
) TTL
Input Buffer
RD TRISA
| Q D
EN
RD PORTA {>¢
ToC t
- o0 Comparator
- To A/D Module Channel Input (PIC16F88 only)
To A/D Module Channel VREF+ Input (PIC16F88 only)
FIGURE 5-3: BLOCK DIAGRAM OF RA2/AN2/CVREF/VREF- PIN
Data
Bus D Q
WR VDD
PORTA = VDD
~ Py vbDD
e ) DdE L
Data Latch
DX
o D
Q ) N RAZ2 pin
WR _
TRIS Latch vss Analog
Input Mode
®
TTL
RD TRISA Input Buffer
| o b
EN
RD PORTA

>

__ To Comparator
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FIGURE 5-4: BLOCK DIAGRAM OF RA4/AN4/TOCKI/C20UT PIN
Data Comparator Mode = 011, 101, 110
Bus D Q

WR Comparator 2 Output D@
— 1 VDD
PORTA ) o\~ o > /DD
Data Latch
<

RA4 pin

L

Schmitt Trigger @
Input Buffer
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FIGURE 5-6: BLOCK DIAGRAM OF RAB/0OSC2/CLKO PI

Oscillator
Circuit

Data
Bus D Q
WR

PORTA

CK™ Q

Data Latch

oD Q

RDPORTA | {>Q
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FIGURE 5-7: BLOCK DIAGRAM OF RA7/0SC1/CLKI PIN

Data E i

Bus

ck~ Q
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5.2 PORTB and the TRISB Register

PORTB is an 8-bit wide, bidirectional port. The corre-
sponding data direction register is TRISB. Setting a
TRISB bit (= 1) will make the corresponding PORTB
pin an input (i.e., put the corresponding output driver in
a high-impedance mode). Clearing a TRISB bit (= 0)
will make the corresponding PORTB pin an output (i.e.,
put the contents of the output latch on the selected pin).

Each of the PORTB pins has a weak internal pull-up. A
single control bit can turn on all the pull-ups. This is
performed by clearing bit RBPU (OPTION_REG<7>).
The 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.

Four of PORTB's pins, RB7:RB4, have an interrupt-on-
change feature. Only pins configured as inputs can
cause this interrupt to occur (i.e., any RB7:RB4 pin
configured as an output is excluded from the interrupt-
on-change comparison). The input pins (of RB7:RB4)
are compared with the old value latched on the last
read of PORTB. The “mismatch” outputs of RB7:RB4
are OR’ed together to generate the RB Port Change
Interrupt with Flag bit RBIF (INTCON<0>).

This interrupt can wake the device from Sleep. The
user, in the Interrupt Service Routine, can clear the
interrupt in the following manner:

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

b) Clear flag bit RBIF.

A mismatch condition will continue to set flag bit RBIF.
Reading PORTB will end the mismatch condition and
allow flag bit RBIF to be cleared.

The interrupt-on-change feature is recommended for
wake-up on key depression operation and operations
where PORTB is only used for the interrupt-on-change
feature. Polling of PORTB is not recommended while
using the interrupt-on-change feature.

RBO/INT is an external interrupt input pin and is
configured using the INTEDG bit (OPTION_REG<6>).

PORTB is multiplexed with several peripheral functions
(see Table 5-3). PORTB pins have Schmitt Trigger
input buffers.

When enabling peripheral functions, care should be
taken in defining TRIS bits for each PORTB pin. Some
peripherals override the TRIS bit to make a pin an
output, while other peripherals override the TRIS bit to
make a pin an input. Since the TRIS bit override is in
effect while the peripheral is enabled, read-modify-
write instructions (BSF, BCF, XORWF) with TRISB as
the destination should be avoided. The user should
refer to the corresponding peripheral section for the
correct TRIS bit settings.

© 2005 Microchip Technology Inc.
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TABLE 5-3: PORTB FUNCTIONS
Name Bit# Buffer Function
RBO/INT/CCP1(?) bito | TTL/STWD Input/output pin or external interrupt input.
Capture input/Compare output/PWM output pin.
Internal software programmable weak pull-up.
RB1/SDI/SDA bit1 | TTL/ST®) Input/output pin, SPI™ data input pin or 12C™ data I/O pin.
Internal software programmable weak pull-up.
RB2/SDO/RX/DT bit2 | TTL/ST® |Input/output pin, SPI data output pin.
AUSART asynchronous receive or synchronous data.
Internal software programmable weak pull-up.
RB3/PGM/CCP1(G7) bit3 | TTL/ST@ Input/output pin, programming in LVP mode or Capture input/Compare
output/PWM output pin. Internal software programmable weak pull-up.
RB4/SCK/SCL bit4 | TTL/ST®) Input/output pin or SPI and 12C clock pin (with interrupt-on-change).
Internal software programmable weak pull-up.
RB5/SS/TX/CK bit 5 TTL Input/output pin or SPI slave select pin (with interrupt-on-change).
AUSART asynchronous transmit or synchronous clock.
Internal software programmable weak pull-up.
RB6/AN5©®)/PGC/ bit6 | TTL/ST@ |Input/output pin, analog input®, serial programming clock
T10SOIT1CKI (with interrupt-on-change), Timerl oscillator output pin or Timerl clock
input pin. Internal software programmable weak pull-up.
RB7/AN6©)/PGD/ bit 7 | TTL/ST@ |Input/output pin, analog input®, serial programming data (with
T10SI interrupt-on-change) or Timerl oscillator input pin.
Internal software programmable weak pull-up.
Legend: TTL =TTL input, ST = Schmitt Trigger input

Note 1:

This buffer is a Schmitt Trigger input when configured as the external interrupt.

2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.

3: Low-Voltage ICSP™ Programming (LVP) is enabled by default, which disables the RB3 1/O function. LVP
must be disabled to enable RB3 as an I/O pin and allow maximum compatibility to the other 18-pin
mid-range devices.

4: This buffer is a Schmitt Trigger input when configured for CCP or SSP mode.
5:  This buffer is a Schmitt Trigger input when configured for SPI or 12C mode.
6: PIC16F88 only.
7: The CCP1 pin is determined by the CCPMX bit in Configuration Word 1 register.
TABLE 5-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB
value on Value on
Address Name Bit 7 Bit 6 Bit 5 Bit4 | Bit3 | Bit2 | Bitl | Bit0O all other
POR, BOR
Resets
06h, 106h | PORTB RB7 RB6 RB5 | RB4 | RB3 | RB2 | RB1 | RBO | xxxx xxxx® | uuuu uuuu®
00xx xxxx(z) 00uu uuuu(z)
86h, 186h | TRISB PORTB Data Direction Register 1111 1111 1111 1111
81h, 181h | OPTION_REG | RBPU | INTEDG | TOCS | TOSE | PSA | PS2 PS1 PSO | 1111 1111 1111 1111
9Bh ANSEL® — ANS6 | ANS5 | ANS4 | ANS3 | ANS2 [ ANST [ ANSO | -111 1111 | -111 1111
Legend: x =unknown, u = unchanged, - = unimplemented, read as ‘0’. Shaded cells are not used by PORTB.
Note 1. This value applies only to the PIC16F87.

2:  This value applies only to the PIC16F88.
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FIGURE 5-8: BLOCK DIAGRAM OF RBO/INT/CCP1®) PIN
CCP1M<3:0>=1000, 1001, 11xx and CCPMX =1
CCP
CCP1M<3:0> =000
VDD
BRPLC
RBPU® Weak
P Pull-up
Data Latch
Data Bus D Q-
in@®
WR PORTB K /O pin
TRIS Latch
D
WR TRISB : AV
npu
CK™ Buffer
‘
RD TRISB
ﬂ Q D
RD PORTB EN
To INTO or CCP \|
RD PORTB
Note 1: 1/O pins have diode protection to VDD and Vss.
2: To enable weak pull-ups, set the appropriate TRIS bit(s) and clear the RBPU bit.
3: The CCPL1 pin is determined by the CCPMX bit in Configuration Word 1 register.
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FIGURE 5-9: BLOCK DIAGRAM OF RB1/SDI/SDA PIN

12C™ Mode

Port/SSPEN Select
SDA Output

VDD
RBPU®

gWeak
Pull-up
Data Bus Data Latch

VDD
D p—
TR e
“ X
L : in(®
N 1/0 pin
Vss

TRIS Latch
D Q
WR
CKQ
‘
RD TRISB TTL
SDA Drive Lt K7
Buffer
Q Q ©
RD PORTB
EN
gﬁ?fgltt Trigger RD PORTB
3)
SDA( \|

Note 1: 1/O pins have diode protection to VDD and Vss.

To enable weak pull-ups, set the appropriate TRIS bit(s) and clear the RBPU bit.
3:  The SDA Schmitt conforms to the 12C specification.
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FIGURE 5-10: BLOCK DIAGRAM OF RB2/SDO/RX/DT PIN
SSPEN
SSPEN + SPEN
SPEN
VoD
RBPU? Weak
@o_{ P Pull-up
Data Latch J VDD
Data Bus D a ) > =
WR PORTB
CK™y &
) N 1/0 pin®
Vss
TRIS Latch
D Q
WR TRISB cK _\_6
‘
RD TRISB TTL
DT Drive Input 7
Buffer
\/'[\, Q D
RD PORTB
EN
Schmitt Trigger
Buffer | RD PORTB
RX/DT \
Note 1: 1/O pins have diode protection to VDD and Vss.
2: To enable weak pull-ups, set the appropriate TRIS bit(s) and clear the RBPU bit.
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FIGURE 5-11: BLOCK DIAGRAM OF RB3/PGM/CCP1(3) PIN

CCP1M<3:0>=1000, 1001, 11xx and CCPMX = 0

CCpP

0 orLVP =1

(2)
RBPU . Weak
Data Latch J ﬁ: Pull-up

CCP1M<3:0> = 0100, 0101, 0110, 0111 and CCPMX = 0

Voo

Note 1: /O pins have diode protection to VbD and Vss.

Data Bus
nuh X
WR
PORTB cK o /0 pin®
TRIS Latch
D Q
TRISS AV
Input
CK Buffer
‘
RD TRISB
\/‘[\, Q D
RD PORTB
EN
To PGM or CCP \l
RD PORTB

2: To enable weak pull-ups, set the appropriate TRIS bit(s) and clear the RBPU bit.
3: The CCP1 pin is determined by the CCPMX bit in Configuration Word 1 register.
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FIGURE 5-12: BLOCK DIAGRAM OF RB4/SCK/SCL PIN

Port/SSPEN

SCK/SCL

RBPU®

SCL Drive

VDD

Weak
_a )o P Pull-up

VDD
Z P
[N 1/0 pin®
Vss

Data Latch
Data Bus =
D Q
WR
PORTB CK\_
TRIS Latch
D Q
WR
TRISB CK_
[
RD TRISB
e
RD PORTB
Set RBIF
From other <
RB7:RB4 pins

SCK

TTL
Input 7
Buffer
Latch
Q D
EN Q1
Q D
RD PORTB
o
Q3

A

scL®

Note 1: 1/O pins have diode protection to VDD and Vss.
2: To enable weak pull-ups, set the appropriate TRIS bit(s) and clear the RBPU bit.
3: The SCL Schmitt conforms to the I’C™ specification.
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FIGURE 5-13: BLOCK DIAGRAM OF RB5/SS/TX/CK PIN
RBPU® VDD
Port/SSPEN l 5 Weak
Pull-up
Data Latch
Data Bus D 0
WR in@
1/0 pin
PORTB CK_\_
TRIS Latch
D Q
WR
TRISB CK_\_
L » TTL
Input 7
RD TRISB Buffer
Latch
pd Q D
RD PORTB EN Q1
Set RBIF
From other (L Q D
RB7:RB4 pins RD PORTB
EN _G:Qs
Peripheral Input \l

Note 1: 1/O pins have diode protection to VDD and Vss.
2: To enable weak pull-ups, set the appropriate TRIS bit(s) and clear the RBPU bit.
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FIGURE 5-14: BLOCK DIAGRAM OF RB6/AN5()/PGC/T10SO/T1CKI PIN
Analog RBPU® VoD
Input Mode
=) Weak
Pull-up
Data Latch
Data Bus &
u D Q
1/0 pin®
WR PORTB CK_\_
TRIS Latch
D Q
L
WR TRISB CK_\_
Analog
) j Input Mode
TTL
RD TRISB Input Buffer
T1OSCEN/ICD/PROG
Mode
Latch
<1 Q Dl—+
RD PORTB EN Q1
Set RBIF
From other {\; Q D ——
RB7:RB4 pins RD PORTB
- CF
Q3
PGCIT1CKI - \i
From T10SCO Output
To A/D Module Channel Input (PIC16F88 only)

Note 1: 1/O pins have diode protection to VDD and Vss.
2: To enable weak pull-ups, set the appropriate TRIS bit(s) and clear the RBPU bit.
3: PIC16F88 devices only.
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FIGURE 5-15:

BLOCK DIAGRAM OF RB7/AN6()/PGD/T10SI PIN

Port/Program Mode/ICD

PGD

Analog Input Mode
VDD
RBPU® Weak
L P Pull-up
Data B Data Latch
ata Bus b o
WR in®
1/0 pin
PORTB CKT\_
TRIS Latch
D Q 0
WR
TRISB K .
‘,_§ |—1
RD TRISB T10SCEN
T1OSCEN Ana|og
Input Mode
PGD DRVEN il
Input Buffer
Latch
< Q Dl—e
RD PORTB EN Q1
Set RBIF
{
From other T Q D
RB7:RB4 pins RD PORTB
EN
Q3
PGD e \I
To T1OSCI Input
To A/D Module Channel Input (PIC16F88 only)

Note 1: /O pins have diode protection to VDD and Vss.

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

3: PIC16F88 devices only.
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6.0 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

Additional information on the Timer0 module is

available in the “PICmicro® Mid-Range MCU Family
Reference Manual” (DS33023).

Figure 6-1 is a block diagram of the TimerO module and
the prescaler shared with the WDT.

6.1

TimerQ operation is controlled through the
OPTION_REG register (see Register 2-2). Timer mode
is selected by clearing bit TOCS (OPTION_REG<5>).
In Timer mode, the Timer0 module will increment every
instruction cycle (without prescaler). If the TMRO regis-
ter 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.

Timer0 Operation

Counter mode is selected by setting bit TOCS
(OPTION_REG<5>). In Counter mode, Timer0 will incre-
ment, either on every rising or falling edge of pin RA4/
TOCKI/C20UT. The incrementing edge is determined by
the Timer0 Source Edge Select hit, TOSE
(OPTION_REG<4>). Clearing bit TOSE selects the rising
edge. Restrictions on the external clock input are
discussed in detail in Section 6.3 “Using TimerO with
an External Clock”.

The prescaler is mutually, exclusively shared between
the Timer0 module and the Watchdog Timer. The
prescaler is not readable or writable. Section 6.4
“Prescaler” details the operation of the prescaler.

6.2

The TMRO interrupt is generated when the TMRO reg-
ister overflows from FFh to 00h. This overflow sets bit
TMROIF (INTCON<2>). The interrupt can be masked
by clearing bit TMROIE (INTCON<5>). Bit TMROIF
must be cleared in software by the Timer0 module
Interrupt Service Routine before re-enabling this inter-
rupt. The TMRO interrupt cannot awaken the processor
from Sleep, since the timer is shut off during Sleep.

TimerO Interrupt

FIGURE 6-1: BLOCK DIAGRAM OF THE TIMERO/WDT PRESCALER
CLKO (= Fosc/4) Data Bus
\J 8
X M Sync
U - 2 TMRO reg
1 0
RA4/TOCKI/C20UT X Cycles
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TOSE *
T0CS SA Set Flag bit TMROIF
on Overflow
Prescaler
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Note: TOCS, TOSE, PSA and PS2:PS0 bits are (OPTION_REG<5:0>).
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6.3 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 accom-
plished 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.

6.4 Prescaler

There is only one prescaler available, which is mutually
exclusively shared between the TimerO module and the
Watchdog Timer. A prescaler assignment for the
Timer0 module means that the prescaler cannot be
used by the Watchdog Timer and vice versa. This
prescaler is not readable or writable (see Figure 6-1).

REGISTER 6-1:

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

Note:  Although the prescaler can be assigned to
either the WDT or TimerO, but not both, a
new divide counter is implemented in the
WDT circuit to give multiple WDT time-out
selections. This allows TMRO and WDT to
each have their own scaler. Refer to
Section 15.12 “Watchdog Timer (WDT)”

for further details.

The PSA and PS2:PSO bits (OPTION_REG<3:0>)
determine the prescaler assignment and prescale ratio.

When assigned to the Timer0O 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. The prescaler is not
readable or writable.

Note:  Writing to TMRO, when the prescaler is
assigned to TimerO, will clear the
prescaler count but will not change the

prescaler assignment.

OPTION_REG: OPTION CONTROL REGISTER (ADDRESS 81h, 181h)
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
bit 6
bit 5

bit 4

bit 3

bit 2-0

RBPU: PORTB Pull-up Enable bit
INTEDG: Interrupt Edge Select bit
TOCS: TMRO Clock Source Select bit

1 = Transition on TOCKI pin
0 = Internal instruction cycle clock (CLKO)

TOSE: TMRO Source Edge Select bit

1 = Increment on high-to-low transition on TOCKI pin
0 = Increment on low-to-high transition on TOCKI pin

PSA: Prescaler Assignment bit

1 = Prescaler is assigned to the WDT

0 = Prescaler is assigned to the Timer0 module
PS<2:0>: Prescaler Rate Select bits

Bit Value TMRO Rate WDT Rate
000
001
010
011
100
101
110
111

RPRRRRRERR
i

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

W = Writable bit
‘1’ = Bit is set

‘0’ = Bit is cleared

U = Unimplemented bit, read as ‘0’

X = Bit is unknown

Note: To avoid an unintended device Reset, the instruction sequence shown in the
"PICmicro® Mid-Range MCU Family Reference Manual’” (DS33023) must be
executed when changing the prescaler assignment from TimerO to the WDT. This

sequence must be followed even if the WDT is disabled.
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EXAMPLE 6-1: CHANGING THE PRESCALER ASSIGNMENT FROM WDT TO TIMERO

CLRWDT ; Clear WDT and prescaler
BANKSEL OPTION_REG ; Select Bank of OPTION_REG
MOVLW b'xxxx0xxx"' ; Select TMRO, new prescale
MOVWF OPTION_ REG ; value and clock source

TABLE 6-1: REGISTERS ASSOCIATED WITH TIMERO

value on Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bitl | BitO all other
POR, BOR
Resets
01h,101h |[TMRO Timer0 Module Register XXXX XXXX | uuuu uuuu
0Bh,8Bh, |[INTCON GIE PEIE | TMROIE | INTOIE | RBIE | TMROIF |INTOIF| RBIF | 0000 000x| 0000 000u
10Bh,18Bh

81h,181h |OPTION_REG | RBPU |INTEDG | TOCS TOSE | PSA pPSs2 PS1 | PSO (1111 1111 1111 1111
Legend: x =unknown, u = unchanged. Shaded cells are not used by Timer0.
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NOTES:
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7.0 TIMER1 MODULE

The Timerl module is a 16-bit timer/counter consisting
of two 8-bit registers (TMR1H and TMR1L) which are
readable and writable. The TMR1 register pair
(TMR1H:TMR1L) increments from 0000h to FFFFh
and rolls over to 0000h. The TMR1 interrupt, if enabled,
is generated on overflow which is latched in interrupt
flag bit, TMR1IF (PIR1<0>). This interrupt can be
enabled/disabled by setting/clearing TMR1 interrupt
enable bit, TMR1IE (PIE1<0>).

The Timerl oscillator can be used as a secondary clock
source in low-power modes. When the TLIRUN bit is set
along with SCS<1:0> = 01, the Timerl oscillator is pro-
viding the system clock. If the Fail-Safe Clock Monitor is
enabled and the Timerl oscillator fails while providing
the system clock, polling the T1IRUN bit will indicate
whether the clock is being provided by the Timerl
oscillator or another source.

Timerl can also be used to provide Real-Time Clock
(RTC) functionality to applications with only a minimal
addition of external components and code overhead.

7.1 Timerl Operation

Timerl can operate in one of three modes:

* asa Timer
« as a Synchronous Counter
« as an Asynchronous Counter

The operating mode is determined by the clock select
bit, TMR1CS (T1CON<1>).

In Timer mode, Timerl increments every instruction
cycle. In Counter mode, it increments on every rising
edge of the external clock input.

Timerl can be enabled/disabled by setting/clearing
control bit, TMR1ON (T1CON<0>).

Timerl also has an internal “Reset input”. This Reset
can be generated by the CCP1 module as the special
event trigger (see Section 9.1 “Capture Mode”).
Register 7-1 shows the Timerl Control register.

When the Timerl oscillator is enabled (TLOSCEN is
set), the RB6/PGC/T10SO/T1CKI and RB7/PGD/
T10SI pins become inputs. That is, the TRISB<7:6>
value is ignored and these pins read as ‘0’.

Additional information on timer modules is available in
the “PICmicro® Mid-Range MCU Family Reference
Manual” (DS33023).
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REGISTER 7-1:

bit 7
bit 6

bit 5-4

bit 3

bit 2

bit 1

T1CON: TIMER1 CONTROL REGISTER (ADDRESS 10h)

u-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— TIRUN T1CKPS1 TI1CKPSO T10SCEN T1SYNC TMR1CS TMR1ON
bit 7 bit 0

Unimplemented: Read as ‘0’

T1RUN: Timerl System Clock Status bit

1 = System clock is derived from Timerl oscillator

0 = System clock is derived from another source

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

T1OSCEN: Timerl Oscillator Enable Control bit

1 = Oscillator is enabled

0 = Oscillator is shut off (the oscillator inverter is turned off to eliminate power drain)
T1SYNC: Timerl External Clock Input Synchronization Control bit
TMRICS = 1:

1 = Do not synchronize external clock input

0 = Synchronize external clock input

TMRICS = o:

This bit is ignored. Timerl uses the internal clock when TMR1CS = 0.

TMRI1CS:
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7.2

Timer mode is selected by clearing the TMR1CS
(TLCON<1>) bit. In this mode, the input clock to the
timer is FOsc/4. The synchronize control bit, TLSYNC
(TLCON<2>), has no effect since the internal clock is
always in sync.

Timerl Operation in Timer Mode

7.3

Timerl may operate in Asynchronous or Synchronous
mode, depending on the setting of the TMR1CS hit.

When Timerl is being incremented via an external
source, increments occur on a rising edge. After Timerl
is enabled in Counter mode, the module must first have
a falling edge before the counter begins to increment.

Timerl Counter Operation

FIGURE 7-1:

TIMER1 INCREMENTING EDGE

7.4 Timerl Operation in Synchronized

Counter Mode

Counter mode is selected by setting bit TMR1CS. In
this mode, the timer increments on every rising edge of
clock input on pin RB7/PGD/T10SI when bit
T1OSCEN is set, or on pin RB6/PGC/T10SO/T1CKI
when bit TLTOSCEN is cleared.

If TLISYNC is cleared, then the external clock input is
synchronized with internal phase clocks. The synch-
ronization is done after the prescaler stage. The
prescaler stage is an asynchronous ripple counter.

In this configuration, during Sleep mode, Timer1 will not
increment even if the external clock is present since the
synchronization circuit is shut off. The prescaler,
however, will continue to increment.

T1CKI
(Default High)

T1CKI

(Default Low)

Note: Arrows indicate counter increments.

FIGURE 7-2: TIMER1 BLOCK DIAGRAM
Set Flag bit
TMRL1IF on
Overflow 0l Synchronized
TMR1 Clock Input
TMR1H ‘ TMRI1L .
1|-——
TMR1ON
———————— On/Off T1SYNC
' T10SC |
. ° >
IZ ' ' {> . Prescaler Synchronize
. . gna'tl)lle a Internal — 0 } I
+ Oscillator
IE ' ' I Clock 2 Q Clock
Tosl | - T1CKPS1:T1CKPSO
TMR1CS
Note 1: When the TLOSCEN bit is cleared, the inverter is turned off. This eliminates power drain.
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7.5 Timerl Operation in
Asynchronous Counter Mode

If control bit TLSYNC (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 that will wake-up the
processor. However, special precautions in software
are needed to read/write the timer (see Section 7.5.1
“Reading and Writing Timerl in Asynchronous
Counter Mode”).

In Asynchronous Counter mode, Timerl cannot be
used as a time base for capture or compare operations.

7.5.1 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 conten-
tion 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. The
example codes provided in Example7-1 and
Example 7-2 demonstrate how to write to and read
Timerl while it is running in Asynchronous mode.

EXAMPLE 7-1: WRITING A 16-BIT FREE RUNNING TIMER
; All interrupts are disabled
CLRF TMR1L ; Clear Low byte, Ensures no rollover into TMR1H
MOVLW HI BYTE ; Value to load into TMR1H
MOVWF TMR1H, F ; Write High byte
MOVLW LO_BYTE ; Value to load into TMR1L
MOVWF TMR1H, F ; Write Low byte
; Re-enable the Interrupt (if required)
CONTINUE ; Continue with your code
EXAMPLE 7-2: READING A 16-BIT FREE RUNNING TIMER
; All interrupts are disabled
MOVF TMR1H, W ; Read high byte
MOVWF TMPH
MOVF TMR1L, W ; Read low byte
MOVWF TMPL
MOVF TMR1H, W ; Read high byte
SUBWF TMPH, W ; Sub 1st read with 2nd read
BTFSC STATUS, Z ; Is result = 0
GOTO CONTINUE ; Good 16-bit read

; TMR1L may have rolled over between the read of the high and low bytes.
; Reading the high and low bytes now will read a good value.

MOVF TMR1H, W ; Read high byte

MOVWF TMPH

MOVF TMR1L, W ; Read low byte

MOVWF TMPL ; Re-enable the Interrupt (if required)
CONTINUE ; Continue with your code
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7.6 Timerl Oscillator

A crystal oscillator circuit is built between pins T10SI
(input) and T1OSO (amplifier output). It is enabled by
setting control bit TAOSCEN (T1CON<3>). The oscilla-
tor is a low-power oscillator, rated up to 32.768 kHz. It
will continue to run during all power-managed modes.
It is primarily intended for a 32 kHz crystal. The circuit
for a typical LP oscillator is shown in Figure 7-3.
Table 7-1 shows the capacitor selection for the Timerl
oscillator.

The user must provide a software time delay to ensure
proper oscillator start-up.

TABLE 7-1: CAPACITOR SELECTION FOR
THE TIMER1 OSCILLATOR
Osc Type Freq C1 Cc2
LP 32 kHz 33 pF 33 pF

Note: The Timerl oscillator shares the T10SI
and T10SO pins with the PGD and PGC
pins used for programming and
debugging.

When using the Timer1 oscillator, In-Circuit
Serial Programming™ (ICSP™) may not
function correctly (high voltage or low
voltage), or the In-Circuit Debugger (ICD)
may not communicate with the controller.
As a result of using either ICSP or ICD, the
Timer1 crystal may be damaged.

If ICSP or ICD operations are required, the
crystal should be disconnected from the
circuit (disconnect either lead) or installed
after programming. The oscillator loading
capacitors may remain in-circuit during

Note 1: Microchip suggests this value as a starting
point in validating the oscillator circuit.

2: Higher capacitance increases the stability
of the oscillator but also increases the
start-up time.

3: Since each resonator/crystal has its own
characteristics, the user should consult
the resonator/crystal manufacturer for
appropriate values of external
components.

4: Capacitor values are for design guidance

only.

ICSP or ICD operation.

FIGURE 7-3: EXTERNAL
COMPONENTS FOR THE
TIMER1 LP OSCILLATOR
C1 PIC16F87/88
33 pF
f I T10SI
—= XTAL
— 32.768 kHz
f X T10SO
Cc2
33 pF
Note: See the Notes with Table 7-1 for additional
information about capacitor selection.

7.7 Timerl Oscillator Layout
Considerations

The Timerl oscillator circuit draws very little power
during operation. Due to the low-power nature of the
oscillator, it may also be sensitive to rapidly changing
signals in close proximity.

The oscillator circuit, shown in Figure 7-3, should be
located as close as possible to the microcontroller.
There should be no circuits passing within the oscillator
circuit boundaries other than Vss or VDD.

If a high-speed circuit must be located near the oscilla-
tor, a grounded guard ring around the oscillator circuit,
as shown in Figure 7-4, may be helpful when used on
a single-sided PCB or in addition to a ground plane.
FIGURE 7-4: OSCILLATOR CIRCUIT
WITH GROUNDED
GUARD RING

Vss

0OSC1

@
=
—4—) J osc2
=0

RB7
=
H—O N rBé6
O

RB5
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7.8 Resetting Timerl Using a CCP
Trigger Output

If the CCP1 module is configured in Compare mode to
generate a “special event trigger” signal
(CCP1M3:CCP1MO = 1011), the signal will reset
Timerl and start an A/D conversion (if the A/D module
is enabled).

Note:  The special event triggers from the CCP1
module 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, the write will take
precedence.

In this mode of operation, the CCPR1H:CCPR1L
register pair effectively becomes the period register for
Timerl.

7.9 Resetting 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 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.

7.10 Timerl Prescaler

The prescaler counter is cleared on writes to the
TMR1H or TMRI1L registers.

7.11 Using Timerl as a Real-Time
Clock

Adding an external LP oscillator to Timerl (such as the
one described in Section 7.6 “Timerl Oscillator”)
gives users the option to include RTC functionality to
their applications. This is accomplished with an inex-
pensive watch crystal to provide an accurate time base
and several lines of application code to calculate the
time. When operating in Sleep mode and using a
battery or supercapacitor as a power source, it can
completely eliminate the need for a separate RTC
device and battery backup.

The application code routine, RTCisr, shown in
Example 7-3, demonstrates a simple method to
increment a counter at one-second intervals using an
Interrupt Service Routine. Incrementing the TMR1
register pair to overflow triggers the interrupt and calls
the routine, which increments the seconds counter by
one; additional counters for minutes and hours are
incremented as the previous counter overflows.

Since the register pair is 16 bits wide, counting up to
overflow the register directly from a 32.768 kHz clock
would take 2 seconds. To force the overflow at the
required one-second intervals, it is necessary to pre-
load it; the simplest method is to set the MSb of TMR1H
with a BSF instruction. Note that the TMRL1L register is
never preloaded or altered; doing so may introduce
cumulative error over many cycles.

For this method to be accurate, Timerl must operate in
Asynchronous mode and the Timerl overflow interrupt
must be enabled (PIE1<0> = 1), as shown in the
routine, RTCinit. The Timerl oscillator must also be
enabled and running at all times.
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EXAMPLE 7-3: IMPLEMENTING A REAL-TIME CLOCK USING A TIMER1 INTERRUPT SERVICE
RTCinit BANKSEL TMR1H
MOVLW 0x80 ; Preload TMR1 register pair
MOVWF TMR1H ; for 1 second overflow
CLRF TMR1L
MOVLW b’00001111" ; Configure for external clock,
MOVWF T1CON ; Asynchronous operation, external oscillator
CLRF secs ; Initialize timekeeping registers
CLRF mins
MOVLW .12
MOVWF hours
BANKSEL PIE1l
BSF PIE1l, TMR1IE ; Enable Timerl interrupt
RETURN
RTCisr BANKSEL TMR1H
BSF TMR1H, 7 ; Preload for 1 sec overflow
BCF PIR1, TMR1IF ; Clear interrupt flag
INCF secs, F ; Increment seconds
MOVF secs, w
SUBLW .60
BTFSS STATUS, Z ; 60 seconds elapsed?
RETURN ; No, done
CLRF seconds ; Clear seconds
INCF mins, f ; Increment minutes
MOVF mins, w
SUBLW .60
BTFSS STATUS, Z ; 60 seconds elapsed?
RETURN ; No, done
CLRF mins ; Clear minutes
INCF hours, f ; Increment hours
MOVF hours, w
SUBLW .24
BTFSS STATUS, Z ; 24 hours elapsed?
RETURN ; No, done
CLRF hours ; Clear hours
RETURN ; Done
TABLE 7-2:  REGISTERS ASSOCIATED WITH TIMER1 AS A TIMER/COUNTER
. . . . . . . . Value on Value on
Address Name | Bit7 | Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 all other
POR, BOR
Resets
0Bh, 8Bh, |INTCON| GIE PEIE | TMROIE INTOIE RBIE TMROIF | INTOIF RBIF 0000 000x|0000 000u
10Bh, 18Bh
0Ch PIR1 — |ADIF®D RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF [-000 0000{-000 0000
8Ch PIE1 — |ADIE® RCIE TXIE SSPIE CCP1IE | TMR2IE | TMRL1IE |-000 0000|-000 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 T1CON — ‘TlRUN |TlCKPSl ‘ T10KPSO|TlOSCEN ‘ T1SYNC ‘ TMRlCS|TMR10N -000 0000 |-uuu uuuu
Legend: x =unknown, u =unchanged, - = unimplemented, read as ‘0’. Shaded cells are not used by the Timerl module.
Note 1: This bitis only implemented on the PIC16F88. The bit will read ‘0’ on the PIC16F87.
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8.0 TIMER2 MODULE

Timer2 is an 8-bit timer with a prescaler and a
postscaler. It can be used as the PWM time base for the
PWM mode of the CCP1 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
T2CKPS1:T2CKPSO (T2CON<1:0>).

The Timer2 module has an 8-bit period register, PR2.
Timer2 increments from 00h until it matches PR2 and
then resets to 00h on the next increment cycle. PR2 is
a readable and writable register. The PR2 register is
initialized to FFh upon Reset.

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>)).

Timer2 can be shut off by clearing control bit TMR20N
(T2CON<2>) to minimize power consumption.

Register 8-1 shows the Timer2 Control register.

Additional information on timer modules is available in
the “PICmicro® Mid-Range MCU Family Reference
Manual” (DS33023).

8.1 Timer2 Prescaler and Postscaler

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, WDT
Reset or Brown-out Reset)

TMR2 is not cleared when T2CON is written.

8.2 Output of TMR2

The output of TMR2 (before the postscaler) is fed to the
Synchronous Serial Port module (SSP) which optionally
uses it to generate a shift clock.

FIGURE 8-1: TIMER2 BLOCK DIAGRAM

Sets Flag
bit TMR2IF | O

TEF TuRzreg |, Presealer
> TMR2re - — Fosc/4
* 9 1:1, 1:4, 1:16
Postscaler

11 to 1:16| EQ
b

Note 1: TMR2 register output can be software selected by the
SSP module as a baud clock.
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REGISTER 8-1: T2CON: TIMER2 CONTROL REGISTER (ADDRESS 12h)
U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— TOUTPS3 | TOUTPS2 | TOUTPS1 | TOUTPSO ‘TMRZON |T2CKPSl T2CKPSO
bit 7 bit 0
bit 7 Unimplemented: Read as ‘0’
bit 6-3 TOUTPS<3:0>: Timer2 Output Postscale Select bits
0000 =1:1 Postscale
0001 =1:2 Postscale
0010 =1:3 Postscale
1111 =1:16 Postscale
bit 2 TMR20ON: Timer2 On bit
1 =Timer2is on
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 W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared X = Bit is unknown
TABLE 8-1: REGISTERS ASSOCIATED WITH TIMER2 AS A TIMER/COUNTER
. . . . . . . . Value on Value on
Address Name |Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O POR, BOR all other
Resets
0Bh, 8Bh, [INTCON| GIE PEIE TMROIE INTOIE RBIE TMROIF | INTOIF RBIF 0000 000x|0000 000u
10Bh, 18Bh
0Ch PIR1 — ADIF®) RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF [-000 0000(-000 0000
8Ch PIE1 — ADIE® RCIE TXIE SSPIE CCP1IE | TMR2IE | TMR1IE |-000 0000|{-000 0000
11h TMR2 |Timer2 Module Register 0000 0000{0000 0000
12h T2CON — |TOUTPS3|TOUTPS2 | TOUTPS1| TOUTPSO| TMR20ON | T2CKPS1|T2CKPS0|-000 0000|-000 0000
92h PR2 Timer2 Period Register 1111 1111{1111 1111
Legend: x =unknown, u = unchanged, - = unimplemented, read as ‘0’. Shaded cells are not used by the Timer2 module.

Note 1:

This bit is only implemented on the PIC16F88. The bit will read ‘0’ on the PIC16F87.
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9.0 CAPTURE/COMPARE/PWM The CCP module’s input/output pin (CCP1) can be
configured as RBO or RB3. This selection is set in bit 12
(CCP) MODULE (CCPMX) of the Configuration Word.
The Capture/Compare/PWM (CCP) module contains a Additional information on the CCP module is available
16-bit register that can operate as a: in the “PICmicro® Mid-Range MCU Family Reference
» 16-bit Capture register Manual” (DS33023) and in Application Note AN594,
« 16-bit Compare register “Using the CCP Module(s)” (DS00594).

« PWM Master/Slave Duty Cycle register.
) TABLE 9-1: CCP MODE - TIMER
Table 9-1 shows the timer resources of the CCP RESOURCE

module modes.

Capture/Compare/PWM Register 1 (CCPR1) is com- CCP Mode Timer Resource
prised of two 8-bit registers: CCPR1L (low byte) and Capture Timerl
CCPR1H (high byte). The CCP1CON register controls Compare Timerl
the operation of CCP1. The special event trigger is PWM Timer2

generated by a compare match which will reset Timerl
and start an A/D conversion (if the A/D module is
enabled).

REGISTER 9-1: CCP1CON: CAPTURE/COMPARE/PWMCONTROL REGISTER1(ADDRESS17h)

u-0 u-0 RW-0 RW-0 RW-0  RW-0  RMW-0  RMW-0
— — CCP1X | CCP1Y | CCPIM3 | CCPIM2 | CCPIML | CCPIMO |
bit 7 bit 0
bit 7-6 Unimplemented: Read as ‘0’

bit 5-4 CCP1X:CCP1Y: PWM Least Significant bits

Capture mode:
Unused.

Compare mode:

Unused.

PWM mode:

These bits are the two LSbs of the PWM duty cycle. The eight MSbs are found in CCPR1L.

bit 3-0 CCP1M<3:0>; CCP1 Mode Select bits

0000 = Capture/Compare/PWM disabled (resets CCP1 module)

0100 = Capture mode, every falling edge

0101 = Capture mode, every rising edge

0110 = Capture mode, every 4th rising edge

0111 = Capture mode, every 16th rising edge

1000 = Compare mode, set output on match (CCPL1IF bit is set)

1001 = Compare mode, clear output on match (CCP1IF bit is set)

1010 = Compare mode, generate software interrupt on match (CCP1IF bit is set, CCP1 pin is
unaffected)

1011 = Compare mode, trigger special event (CCP1IF bit is set, CCP1 pin is unaffected); CCP1
resets TMR1 and starts an A/D conversion (if A/D module is enabled)

lixx = PWM mode

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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9.1 Capture Mode

In Capture mode, CCPR1H:CCPRI1L captures the
16-bit value of the TMRL1 register when an event occurs
on the CCP1 pin. An event is defined as:

« Every falling edge

« Every rising edge

« Every 4th rising edge

« Every 16th rising edge

An event is selected by control bits CCP1M3:CCP1MO0
(CCP1CON<3:0>). When a capture is made, the inter-
rupt request flag bit, CCP1IF (PIR1<2>), is set. It must
be cleared in software. If another capture occurs before
the value in register CCPR1 is read, the old captured
value is overwritten by the new captured value.

9.11 CCP PIN CONFIGURATION

In Capture mode, the CCP1 pin should be configured
as an input by setting the TRISB<x> bit.

Note 1: If the CCP1 pin is configured as an
output, a write to the port can cause a
capture condition.

2. The TRISB bit (0 or 3) is dependent upon
the setting of configuration bit 12

(CCPMX).

FIGURE 9-1: CAPTURE MODE
OPERATION BLOCK

DIAGRAM

Set Flag bit CCP1IF

: z Prescaler (PIR1<2>)
+1,4,16

CCP1pin | ccPriH | cepriL |
and —*_ Capture
Edge Detect Enable
} | TMR1H | TMRIL |
CCP1CON<3:0>

Qs

9.1.2 TIMER1 MODE SELECTION

Timerl must be running in Timer mode or Synchro-
nized Counter mode for the CCP module to use the
capture feature. In Asynchronous Counter mode, the
capture operation may not work.

9.1.3 SOFTWARE INTERRUPT

When the Capture mode is changed, a false capture
interrupt may be generated. The user should keep bit
CCP1IE (PIE1<2>) clear to avoid false interrupts and
should clear the flag bit, CCP1IF, following any such
change in operating mode.

9.14 CCP PRESCALER

There are four prescaler settings, specified by bits
CCP1M3:CCP1MO0. Whenever the CCP module is
turned off, or the CCP module is not in Capture mode,
the prescaler counter is cleared. This means that any
Reset will clear the prescaler counter.

Switching from one capture prescaler to another may
generate an interrupt. Also, the prescaler counter will
not be cleared, therefore, the first capture may be from
a non-zero prescaler. Example 9-1 shows the recom-
mended method for switching between capture
prescalers. This example also clears the prescaler
counter and will not generate the “false” interrupt.
EXAMPLE 9-1: CHANGING BETWEEN
CAPTURE PRESCALERS

CLRF CCP1CON ;Turn CCP module off
MOVLW NEW_CAPT_PS ;Load the W reg with
;the new prescaler
;move value and CCP ON
;Load CCP1CON with this
;value

MOVWF CCP1CON

DS30487C-page 82

© 2005 Microchip Technology Inc.



PIC16F87/88

9.2 Compare Mode 9.2.1 CCP PIN CONFIGURATION

In Compare mode, the 16-bit CCPR1 register value is The user must configure the CCP1 pin as an output by

constantly compared against the TMR1 register pair clearing the TRISB<x> bit.

value. When a match occurs, the CCP1 pin is: Note 1; Clearing the CCP1CON register will force

* Driven high the CCP1 compare output latch to the

« Driven low default low level. This is not the data
latch.

« Remains unchanged

2: The TRISB bit (0 or 3) is dependent upon
the setting of configuration bit 12
(CCPMX).

The action on the pin is based on the value of control
bits CCP1M3:CCP1M0O (CCP1CON<3:0>). At the
same time, interrupt flag bit, CCP1IF, is set.

9.2.2 TIMER1 MODE SELECTION
FIGURE 9-2: COMPARE MODE

Timerl must be running in Timer mode or Synchro-
OPERATION BLOCK nized Counter mode if the CCP module is using the

: DlAGRAM compare feature. In Asynchronous Counter mode, the
Special Event Trigger compare operation may not work.
(SP(TEFJ?SL?" CCPLIF 9.2.3 SOFTWARE INTERRUPT MODE
When generate software interrupt is chosen, the CCP1
o sH V. pin is not affected. Only a CCP interrupt is generated (if
| Qup enableq).
CCP1 pin Rl o9 Match TS
TRISB<x> 9.24 SPECIAL EVENT TRIGGER

Output Enable  cCpP1CON<3:0>

Mode Select In this mode, an internal hardware trigger is generated

Special Event Trigger will: that may be used to initiate an action.
| ?Pe@eeltjoir:)erl but not set nterrupt fiag bit, TMRLIF The special event trigger output of CCP1 resets the
« Set bit GO/DONE (ADCONO<2>) which starts an A/D TMR1 register pair and starts an A/D conversion (if the
conversion A/D module is enabled). This allows the CCPR1

register to effectively be a 16-bit programmable period
register for Timer1l.

Note:  The special event trigger from the CCP1
module will not set interrupt flag bit
TMR1IF (PIR1<0>).

TABLE 9-2: REGISTERS ASSOCIATED WITH CAPTURE, COMPARE AND TIMER1

Value on Value on
Address Name Bit7| Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 all other

POR, BOR

Resets

0Bh,8Bh INTCON GIE | PEIE | TMROIE | INTOIE RBIE TMROIF | INTOIF RBIF (0000 000x[0000 000u
10BH,18Bh
0Ch PIR1 — |ADIF® | RcIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF |-000 0000[-000 0000
8Ch PIE1 — |ADIE®| RCIE TXIE SSPIE | CCP1lIE | TMR2IE | TMR1IE |-000 0000{-000 0000
86h TRISB PORTB Data Direction Register 1111 1111(1111 1111
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 T1CON — ‘TlRUN‘TlCKPSl‘TlCKPSO|TloSCEN‘TlSYNC ‘TMRlCS‘TMRlON -000 0000|-uuu uuuu
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 ccPicoN| — | — [ ccpix | ccP1y | ccP1M3 [CCPIM2|CCPIM1| CCPIMO|--00 0000]--00 0000

Legend: x =unknown, u=unchanged, - = unimplemented, read as ‘0. Shaded cells are not used by Capture and Timer1l.
Note 1: This bitis only implemented on the PIC16F88. The bit will read ‘0’ on the PIC16F87.
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9.3 PWM Mode

In Pulse-Width Modulation (PWM) mode, the CCP1 pin
produces up to a 10-bit resolution PWM output. Since
the CCP1 pin is multiplexed with the PORTB data latch,
the TRISB<x> bit must be cleared to make the CCP1
pin an output.

Note:  Clearing the CCP1CON register will force
the CCP1 PWM output latch to the default
low level. This is not the PORTB I/O data

latch.

Figure 9-3 shows a simplified block diagram of the
CCP module in PWM mode.

For a step-by-step procedure on how to set up the CCP
module for PWM operation, see Section 9.3.3 “ Setup
for PWM Operation”.
FIGURE 9-3: SIMPLIFIED PWM BLOCK
DIAGRAM

CCP1CON<5:4>
Duty Cycle Registers

‘ CCPRIL |

‘CCPRlH (Slave) |

4} CCP1 pin
‘ Comparator i R Q —'}—
7
‘ TMR2 ‘(Note 1)|
— S
Comparator TRISB<x>
Clear Timer,
4N CCP1 pin and
latch D.C.

PR2

Note 1: 8-bittimer is concatenated with 2-bit internal Q
clock, or 2 bits of the prescaler, to create 10-bit
time base.

9.3.1 PWM PERIOD

The PWM period is specified by writing to the PR2
register. The PWM period can be calculated using the
following formula.

EQUATION 9-1:

PWM Period= [(PR2) + 1] » 4« TOSC *
(TMR2 Prescale Value)

PWM frequency is defined as 1/[PWM period].

When TMR2 is equal to PR2, the following three events
occur on the next increment cycle:
* TMR2 is cleared
* The CCP1 pin is set (exception: if PWM duty
cycle = 0%, the CCP1 pin will not be set)
e The PWM duty cycle is latched from CCPR1L into
CCPRI1H

Note: The Timer2 postscaler (see Section 8.0
“Timer2 Module”) is not used in the deter-
mination of the PWM frequency. The
postscaler could be used to have a servo
update rate at a different frequency than

the PWM output.

A PWM output (Figure 9-4) has a time base (period)
and a time that the output stays high (duty cycle). The
frequency of the PWM is the inverse of the period
(1/period).

FIGURE 9-4: PWM OUTPUT

Period

| | | [

'
Duty Cycle

© TMR2=PR2

TMR2 = Duty Cycle
TMR2 = PR2

9.3.2 PWM DUTY CYCLE

The PWM duty cycle is specified by writing to the
CCPRLL register and to the CCP1CON<5:4> bits. Up
to 10-bit resolution is available. The CCPR1L contains
the eight MSbs and the CCP1CON<5:4> bits contain
the two LSbs. This 10-bit value is represented by
CCPRI1L:CCP1CON<5:4>. The following equation is
used to calculate the PWM duty cycle in time.

EQUATION 9-2:

PWM Duty Cycle= (CCPR1L:CCP1CON<5:4>) ¢
Tosc * (TMR2 Prescale Value)

CCPR1L and CCP1CON<5:4> can be written to at any
time, but the duty cycle value is not latched into
CCPR1H until after a match between PR2 and TMR2
occurs (i.e., the period is complete). In PWM mode,
CCPR1H is a read-only register.

The CCPR1H register and a 2-bit internal latch
are used to double-buffer the PWM duty cycle. This
double-buffering is essential for glitchless PWM
operation.

When the CCPR1H and 2-bit latch match TMR2,
concatenated with an internal 2-bit Q clock or 2 bits of
the TMR2 prescaler, the CCP1 pin is cleared.
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The maximum PWM resolution (bits) for a given PWM
frequency is given by the following formula.

9.3.3

SETUP FOR PWM OPERATION

The following steps should be taken when configuring
the CCP module for PWM operation:

EQUATION 9-3: ) »
1. Set the PWM period by writing to the PR2
Iog( FOSC) register.
Resolution = its 2. Set the PWM duty cycle by writing to the
oy CCPRLL register and CCP1CON<5:4> bits.
3. Make the CCP1 pin an output by clearing the
Note: If the PWM duty cycle value is longer than TRISB<x> bit.
the PWM period, the CCP1 pin will not be 4. Setthe TMR2 prescale value and enable Timer2
cleared. by writing to T2CON.
5. Configure the CCP1 module for PWM operation.
Note:  The TRISB bit (0 or 3) is dependant upon
the setting of configuration bit 12
(CCPMX).
TABLE 9-3: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS AT 20 MHz
PWM Frequency 1.22 kHz | 4.88 kHz | 19.53 kHz | 78.12 kHz | 156.3 kHz | 208.3 kHz
Timer Prescaler (1, 4, 16) 16 4 1 1 1 1
PR2 Value OxFF OxFF OxFF O0x3F Ox1F 0x17
Maximum Resolution (bits) 10 10 10 8 7 6.6

TABLE 9-4: REGISTERS ASSOCIATED WITH PWM AND TIMER2
. . . . . . . . Value on Value 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 TMROIE INTOIE RBIE TMROIF | INTOIF RBIF 0000 000x (0000 000u
10Bh,18Bh
0Ch PIR1 — ADIF® RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF | -000 0000 [-000 0000
8Ch PIE1 — ADIE® RCIE TXIE SSPIE CCP1IE | TMR2IE | TMR1IE | -000 0000 |-000 0000
86h TRISB PORTB Data Direction Register 1111 1111 (1111 1111
11h TMR2 Timer2 Module Register 0000 0000|0000 0000
92h PR2 Timer2 Period Register 1111 1111 (1111 1111
12h T2CON | TOUTPS3| TOUTPS2 | TOUTPS1 | TOUTPSO| TMR20ON| T2CKPS1 | T2CKPS0| -000 0000 [-000 0000
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 ccpicoN| — | — | ccpix | ccpiy [ ccpima [ ccPiM2| CCPIML [ CCPIMO | --00 0000 [--00 0000
Legend: x =unknown, u =unchanged, - = unimplemented, read as ‘0’. Shaded cells are not used by PWM and Timer2.

Note 1:

This bit is only implemented on the PIC16F88. The bit will read ‘0’ on the PIC16F87.
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NOTES:
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10.0 SYNCHRONOUS SERIAL PORT
(SSP) MODULE

10.1 SSP Module Overview

The Synchronous Serial Port (SSP) module is a serial
interface useful for communicating with other periph-
eral or microcontroller devices. These peripheral
devices may be serial EEPROMSs, shift registers,
display drivers, A/D converters, etc. The SSP module
can operate in one of two modes:

 Serial Peripheral Interface (SPI™)
« Inter-Integrated Circuit (12C™)

An overview of 12C operations and additional informa-
tion on the SSP module can be found in the “PICmicro®
Mid-Range MCU Family Reference Manual’
(DS33023).

Refer to Application Note AN578, “Use of the SSP
Module in the 12C™ Multi-Master Environment”
(DS00578).

10.2 SPI Mode

This section contains register definitions and
operational characteristics of the SPI module.

SPI mode allows 8 bits of data to be synchronously
transmitted and received simultaneously. To
accomplish communication, typically three pins are
used:

« Serial Data Out (SDO) RB2/SDO/RX/DT
« Serial Data In (SDI) RB1/SDI/SDA
» Serial Clock (SCK) RB4/SCK/SCL

Additionally, a fourth pin may be used when in a Slave
mode of operation:

- Slave Select (SS) RB5/SS/TX/CK

When initializing the SPI, several options need to be
specified. This is done by programming the appropriate
control bits in the SSPCON register (SSPCON<5:0>)
and the SSPSTAT register (SSPSTAT<7:6>). These
control bits allow the following to be specified:

« Master mode (SCK is the clock output)

« Slave mode (SCK is the clock input)

e Clock Polarity (Idle state of SCK)

« Clock Edge (output data on rising/falling
edge of SCK)

« Clock Rate (Master mode only)
« Slave Select mode (Slave mode only)

Note:  Before enabling the module in SPI Slave
mode, the state of the clock line (SCK)
must match the polarity selected for the
Idle state. The clock line can be observed
by reading the SCK pin. The polarity of the
Idle state is determined by the CKP bhit

(SSPCON<4>).
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REGISTER 10-1:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit O

SSPSTAT: SYNCHRONOUS SERIAL PORT STATUS REGISTER (ADDRESS 94h)

RW-0  RW-0 RO R-0 R-0 R-0 R-0 R-0
SMP CKE DIA P s® RW | ua | BF |
bit 7 bit 0

SMP: SPI Data Input Sample Phase bit

SPI Master mode:
1 = Input data sampled at end of data output time
0 = Input data sampled at middle of data output time (Microwire)

SPI Slave mode:
This bit must be cleared when SPI is used in Slave mode.

12C mode:
This bit must be maintained clear.
CKE: SPI Clock Edge Select bit
1 = Transmit occurs on transition from active to Idle clock state
0 = Transmit occurs on transition from Idle to active clock state
Note:  Polarity of clock state is set by the CKP bit (SSPCON<4>).

D/A: Data/Address bit (12C mode only)

In 1°C Slave mode:

1 = Indicates that the last byte received was data

0 = Indicates that the last byte received was address
P: Stop bit™) (12C mode only)

1 = Indicates that a Stop bit has been detected last
0 = Stop bit was not detected last

S: Start bit® (12C mode only)

1 = Indicates that a Start bit has been detected last (this bit is ‘0’ on Reset)
0 = Start bit was not detected last

R/W: Read/Write Information bit (I2C mode only)

Holds the R/W bit information following the last address match and is only valid from address
match to the next Start bit, Stop bit or ACK bit.

1 = Read

0 = Write

UA: Update Address bit (10-bit I2C mode only)

1 = Indicates that the user needs to update the address in the SSPADD register
0 = Address does not need to be updated

BF: Buffer Full Status bit

Receive (SPI and I12C modes):

1 = Receive complete, SSPBUF is full

0 = Receive not complete, SSPBUF is empty
Transmit (in 12C mode only):

1 = Transmit in progress, SSPBUF is full (8 bits)
0 = Transmit complete, SSPBUF is empty

Note 1: This bit is cleared when the SSP module is disabled (i.e., the SSPEN bit is cleared).

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 10-2:

bit 7

bit 6

bit 5

bit 4

bit 3-0

SSPCON: SYNCHRONOUS SERIAL PORT CONTROL REGISTER (ADDRESS 14h)

RW-0 RW-O  RMW-0 RWO  RWO RWO RW-O0 RMWO
wcoL | ssPov |ssPEN® |  ckP | ssPM3 | ssPM2 | SsPM1 | SSPMO |
bit 7 bit 0

WCOL: Write Collision Detect bit

1 = An attempt to write the SSPBUF register failed because the SSP module is busy
(must be cleared in software)
0 = No collision

SSPOV: Receive Overflow Indicator bit

In SPI mode:

1 = Anew byte is received while the SSPBUF register is still holding the previous data. In case
of overflow, the data in SSPSR is lost. Overflow can only occur in Slave mode. The user
must read the SSPBUF, even if only transmitting data, to avoid setting overflow. In Master
mode, the overflow bit is not set since each new reception (and transmission) is initiated
by writing to the SSPBUF register.

0 = No overflow

In I2C mode:

1 = A byte is received while the SSPBUF register is still holding the previous byte. SSPOV is
a “don’t care” in Transmit mode. SSPOV must be cleared in software in either mode.

0 = No overflow

SSPEN: Synchronous Serial Port Enable bit(!)

In SPI mode:
1 = Enables serial port and configures SCK, SDO and SDI as serial port pins
0 = Disables serial port and configures these pins as I/O port pins

In 1°C mode:
1 = Enables the serial port and configures the SDA and SCL pins as serial port pins
0 = Disables serial port and configures these pins as I/O port pins

Note 1. In both modes, when enabled, these pins must be properly configured as input or
output.

CKP: Clock Polarity Select bit

In SPI mode:
1 = Transmit happens on falling edge, receive on rising edge. Idle state for clock is a high level.
0 = Transmit happens on rising edge, receive on falling edge. Idle state for clock is a low level.

In I2C Slave mode:

SCK release control

1 = Enable clock

0 = Holds clock low (clock stretch). (Used to ensure data setup time.)

SSPM<3:0>: Synchronous Serial Port Mode Select bits

0000 = SPI Master mode, clock = OSC/4

0001 = SPI Master mode, clock = OSC/16

0010 = SPI Master mode, clock = OSC/64

0011 = SPI Master mode, clock = TMR2 output/2

0100 = SPI Slave mode, clock = SCK pin. SS pin control enabled.

0101 = SPI Slave mode, clock = SCK pin. SS pin control disabled. SS can be used as 1/O pin.
0110 = I2C Slave mode, 7-bit address

0111 = I2C Slave mode, 10-bit address

1011 = IC Firmware Controlled Master mode (Slave Idle)

1110 = I°C Slave mode, 7-hit address with Start and Stop bit interrupts enabled
1111 = I°C Slave mode, 10-bit address with Start and Stop bit interrupts enabled
1000,1001,1010,1100, 1101 = Reserved

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 10-1: SSP BLOCK DIAGRAM
(SPI™ MODE)
< Internal
Data Bus
Read Write
SSPBUF reg
RB1/SDI/SDA
< b ‘ SSPSR reg '_.
RB2/SDO/RX/DT bit0 Shift
@ Clock
RB5/SS/
TXICK SS Control
Enable
Edge
Select
2
Clock Select
SSPM3:SSPMO
TMR2 Output
2
| | Edge
Select
RB4/SCK/ Prescaler | TCY
scL 4,16, 64
TRISB<4>

To enable the serial port, SSP Enable bit, SSPEN
(SSPCON<5>), must be set. To reset or reconfigure
SPI mode, clear bit SSPEN, reinitialize the SSPCON
register and then set bit SSPEN. This configures the
SDI, SDO, SCK and SS pins as serial port pins. For the
pins to behave as the serial port function, they must
have their data direction bits (in the TRISB register)
appropriately programmed. That is:

¢ SDI must have TRISB<1> set
¢ SDO must have TRISB<2> cleared

e SCK (Master mode) must have TRISB<4>
cleared

e SCK (Slave mode) must have TRISB<4> set
+ SS must have TRISB<5> set

Note 1: When the SPI s in Slave mode with SS pin
control enabled (SSPCON<3:0> = 0100),
the SPI module will reset if the SS pin is
set to VDD.

2. If the SPI is used in Slave mode with
CKE = 1, then the SS pin control must be

enabled.

TABLE 10-1: REGISTERS ASSOCIATED WITH SPI™ OPERATION

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

0Bh,8Bh INTCON GIE PEIE | TMROIE | INTOIE | RBIE | TMROIF| INTOIF RBIF | 0000 000x| 0000 000u
10Bh,18Bh
0Ch PIR1 — ADIE® | RCIF TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF | -000 0000 | -000 0000
8Ch PIE1 — ADIE® | RCIE TXIE | SSPIE | CCP1IE | TMR2IE | TMR1IE | -000 0000 | -000 0000
86h TRISB PORTB Data Direction Register 1111 1111|1111 1111
13h SSPBUF Synchronous Serial Port Receive Buffer/Transmit Register XXXX XXXX [uuuu uuuu
14h SSPCON | WCOL | SSPOV | SSPEN | CKP |[SSPM3| SSPM2 | SSPM1 | SSPMO | 0000 0000 [ 0000 0000
94h SSPSTAT | SMP | CKE D/A P R/W UA BF | 0000 0000|0000 0000

Legend: x =unknown, u = unchanged, - = unimplemented, read as ‘0’. Shaded cells are not used by the SSP in SPI™ mode.
Note 1: This bitis only implemented on the PIC16F88. The bit will read ‘0’ on the PIC16F87.
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FIGURE 10-2: SPI™ MODE TIMING (MASTER MODE)
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10.3 SSP I%C Mode Operation

The SSP module in I2C mode fully implements all slave
functions, except general call support and provides
interrupts on Start and Stop bits in hardware to facilitate
firmware implementations of the master functions. The
SSP module implements the standard mode
specifications, as well as 7-bit and 10-bit addressing.

Two pins are used for data transfer. These are the RB4/
SCKI/SCL pin, which is the clock (SCL) and the RB1/
SDI/SDA pin, which is the data (SDA). The user must
configure these pins as inputs or outputs through the
TRISB<4,1> bits.

EXAMPLE 10-1:

To ensure proper communication of the I2C Slave mode,
the TRIS bits (TRISx [SDA, SCL]) corresponding to the
12C pins must be set to ‘1°. If any TRIS bits (TRISX<7:0>)
of the port containing the I2C pins (PORTx [SDA, SCL])
are changed in software during 1°C communication
using a Read-Modify-Write instruction (BSF, BCF), then
the 1°C mode may stop functioning properly and 1’c
communication may suspend. Do not change any of the
TRISX bits (TRIS bits of the port containing the 12C pins)
using the instruction BSF or BCF during 12C communica-
tion. If it is absolutely necessary to change the TRISx
bits during communication, the following method can be
used:

MOVF TRISC, W ; Example for an 18-pin part such as the PIC16F818/819
IORLW 0x18 ; Ensures <4:3> bits are ‘11’
ANDLW B’11111001" ; Sets <2:1> as output, but will not alter other bits

MOVWF TRISC

; User can use their own logic here, such as IORLW, XORLW and ANDLW

The SSP module functions are enabled by setting SSP
Enable bit, SSPEN (SSPCON<5>).

FIGURE 10-5: SSP BLOCK DIAGRAM
(I’C™ MODE)
<: Internal
Data Bus
Read Write
7 1
REASCK/ | SSPBUFReg |

™S

X |-~ shit

Clock
X <I-—{ SSPSR Reg
RB1/ MSb LSb
SDI/ ._|>
SDA

Set, Reset

SSPADD Reg
S, P Bits

Start and (SSPSTAT Reg)
Stop Bit Detect [

fgdr Match

The SSP module has five registers for 12C operation:

* SSP Control register (SSPCON)
e SSP Status register (SSPSTAT)
« Serial Receive/Transmit Buffer register (SSPBUF)

« SSP Shift register (SSPSR) — Not directly
accessible

« SSP Address register (SSPADD)

The SSPCON register allows control of the 12C opera-
tion. Four mode selection bits (SSPCON<3:0>) allow
one of the following I2C modes to be selected:

« 12C Slave mode (7-bit address)
« 12C Slave mode (10-bit address)

« 12C Slave mode (7-bit address) with Start and
Stop bit interrupts enabled to support Firmware
Controlled Master mode

« 12C Slave mode (10-bit address) with Start and
Stop bit interrupts enabled to support Firmware
Controlled Master mode

« 12C Firmware Controlled Master mode operation
with Start and Stop bit interrupts enabled; slave is
Idle

Selection of any 12C mode, with the SSPEN bit set,
forces the SCL and SDA pins to be open-drain, pro-
vided these pins are programmed to inputs by setting
the appropriate TRISB bits. Pull-up resistors must be
provided externally to the SCL and SDA pins for proper
operation of the 1°C module.

Additional information on SSP 12C operation may be
found in the “PICmicro® Mid-Range MCU Family
Reference Manual” (DS33023).
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10.3.1 SLAVE MODE

In Slave mode, the SCL and SDA pins must be config-
ured as inputs (TRISB<4,1> set). The SSP module will
override the input state with the output data when
required (slave-transmitter).

When an address is matched, or the data transfer after
an address match is received, the hardware automati-
cally will generate the Acknowledge (ACK) pulse and
then load the SSPBUF register with the received value
currently in the SSPSR register.

Either or both of the following conditions will cause the
SSP module not to give this ACK pulse:

a) The Buffer Full bit, BF (SSPSTAT<0>), was set
before the transfer was received.

b) The Overflow bit, SSPOV (SSPCON<6>), was
set before the transfer was received.

In this case, the SSPSR register value is not loaded
into the SSPBUF, but bit SSPIF (PIR1<3>) is set.
Table 10-2 shows what happens when a data transfer
byte is received, given the status of bits BF and
SSPOV. The shaded cells show the condition where
user software did not properly clear the overflow condi-
tion. Flag bit, BF, is cleared by reading the SSPBUF
register while bit, SSPOV, is cleared through software.

The SCL clock input must have a minimum high and
low for proper operation. The high and low times of the
1’c specification, as well as the requirement of the SSP
module, are shown in timing parameter #100 and
parameter #101.

10.3.1.1  Addressing

Once the SSP module has been enabled, it waits for a
Start condition to occur. Following the Start condition,
the eight bits are shifted into the SSPSR register. All
incoming bits are sampled with the rising edge of the
clock (SCL) line. The value of register SSPSR<7:1> is
compared to the value of the SSPADD register. The
address is compared on the falling edge of the eighth
clock (SCL) pulse. If the addresses match and the BF
and SSPOQV bits are clear, the following events occur:

a) The SSPSR register value is loaded into the
SSPBUF register.

b) The Buffer Full bit, BF, is set.
c) An ACK pulse is generated.

d) SSP Interrupt Flag bit, SSPIF (PIR1<3>), is set
(interrupt is generated if enabled) — on the falling
edge of the ninth SCL pulse.

In 10-bit Address mode, two address bytes need to be
received by the slave device. The five Most Significant
bits (MSbs) of the first address byte specify if this is a
10-bit address. Bit R/W (SSPSTAT<2>) must specify a
write so the slave device will receive the second
address byte. For a 10-bit address, the first byte would
equal ‘1111 0 A9 A8 0, where A9 and A8 are the
two MSbs of the address.

The sequence of events for 10-bit Address mode is as
follows, with steps 7-9 for slave transmitter:

1. Receive first (high) byte of address (bits SSPIF,
BF and UA (SSPSTAT<1>) are set).

2. Update the SSPADD register with second (low)
byte of address (clears bit UA and releases the
SCL line).

3. Read the SSPBUF register (clears bit BF) and
clear flag bit SSPIF.

4. Receive second (low) byte of address (bits
SSPIF, BF and UA are set).

5. Update the SSPADD register with the first (high)
byte of address; if match releases SCL line, this
will clear bit UA.

6. Read the SSPBUF register (clears bit BF) and
clear flag bit SSPIF.

7. Receive Repeated Start condition.

8. Receive first (high) byte of address (bits SSPIF
and BF are set).

9. Read the SSPBUF register (clears bit BF) and
clear flag bit SSPIF.

10.3.1.2 Reception

When the R/W bit of the address byte is clear and an
address match occurs, the R/W bit of the SSPSTAT
register is cleared. The received address is loaded into
the SSPBUF register.

When the address byte overflow condition exists, then
a no Acknowledge (ACK) pulse is given. An overflow
condition is indicated if either bit, BF (SSPSTAT<0>), is
set or bit, SSPOV (SSPCON<6>), is set.

An SSP interrupt is generated for each data transfer
byte. Flag bit, SSPIF (PIR1<3>), must be cleared in
software. The SSPSTAT register is used to determine
the status of the byte.

10.3.1.3 Transmission

When the R/W bit of the incoming address byte is set
and an address match occurs, the R/W bit of the
SSPSTAT register is set. The received address is
loaded into the SSPBUF register. The ACK pulse will
be sent on the ninth bit and pin RB4/SCK/SCL is held
low. The transmit data must be loaded into the
SSPBUF register which also loads the SSPSR register.
Then, pin RB4/SCK/SCL should be enabled by setting
bit CKP (SSPCON<4>). The master device must mon-
itor the SCL pin prior to asserting another clock pulse.
The slave devices may be holding off the master device
by stretching the clock. The eight data bits are shifted
out on the falling edge of the SCL input. This ensures
that the SDA signal is valid during the SCL high time
(Figure 10-7).
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An SSP interrupt is generated for each data transfer the data transfer is complete. When the ACK is latched
byte. Flag bit, SSPIF, must be cleared in software and by the slave device, the slave logic is reset (resets
the SSPSTAT register is used to determine the status SSPSTAT register) and the slave device then monitors
of the byte. Flag bit, SSPIF, is set on the falling edge of for another occurrence of the Start bit. If the SDA line
the ninth clock pulse. was low (ACK), the transmit data must be loaded into

the SSPBUF register which also loads the SSPSR
register. Then, pin RB4/SCK/SCL should be enabled
by setting bit CKP.

As a slave transmitter, the ACK pulse from the master
receiver is latched on the rising edge of the ninth SCL
input pulse. If the SDA line was high (not ACK), then

TABLE 10-2: DATA TRANSFER RECEIVED BYTE ACTIONS

Status Bits as Data
Transfer is Received 0 Set SSPIF Bit
SSPSR — SSPBUF Generate ACK Pulse (SSP Interrupt Occurs if Enabled)
BF SSPOV
0 0 Yes Yes Yes
1 0 No No Yes
1 1 No No Yes
0 1 No No Yes

Note 1: Shaded cells show the conditions where the user software did not properly clear the overflow condition.

FIGURE 10-6: I12C™ WAVEFORMS FOR RECEPTION (7-BIT ADDRESS)
Receiving Address R/W =0 m Receiving Data ACK Receiving Data ACK r -
SDA | . /AT XABXASXA4XA3XA2XAT) /D7XDeXD5XD4XD3XD2XD1XD0)\__/D7XD6XD5XD4XD3XD2XDLXDOy N/
| | ' L
scL !s! | A/} / pl
| I 1 1 :
SSPIF (PIR1<3>) ! |_|<— Cleared in softvare | | : Bujmaster
! T | terminates
I | | transfer
BF (SSPSTAT<0>) '—|<—SSPBUF register is read | I
I
I
SSPOV (SSPCON<6>) '__
Bit SSPOV is set because the SSPBUF register is still full —4
ACK is not sent
FIGURE 10-7: 12C™ WAVEFORMS FOR TRANSMISSION (7-BIT ADDRESS)

Receiving Address RIW = 1 Transmitting Data ACK - - -

SCL
' Data is A scL heId Iow \
- sampled resp%kds to SSPIF
SSPIF (PIR1<3>) Cleared in software

BF (SSPSTAT<0>) ' (|

l From SSP Interrupt

CKP (SSPCON<4>) X SSPBUF is written in software }Serwce Routine

I

?— Set bit after writing to SSPBUF
(the SSPBUF must be written to
before the CKP bit can be set)
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10.3.2 MASTER MODE OPERATION

Master mode operation is supported in firmware using
interrupt generation on the detection of the Start and
Stop conditions. The Stop (P) and Start (S) bits are
cleared from a Reset, or when the SSP module is dis-
abled. The Stop (P) and Start (S) bits will toggle based
on the Start and Stop conditions. Control of the 12C bus
may be taken when the P bit is set, or the bus is Idle
and both the S and P bits are clear.

In Master mode operation, the SCL and SDA lines are
manipulated in firmware by clearing the corresponding
TRISB<4,1> bit(s). The output level is always low, irre-
spective of the value(s) in PORTB<4,1>. So, when
transmitting data, a ‘1’ data bit must have the
TRISB<1> bit set (input) and a ‘0’ data bit must have
the TRISB<1> bit cleared (output). The same scenario
is true for the SCL line with the TRISB<4> bit. Pull-up
resistors must be provided externally to the SCL and
SDA pins for proper operation of the 12C module.

The following events will cause the SSP Interrupt Flag
bit, SSPIF, to be set (SSP Interrupt if enabled):

« Start condition

« Stop condition

« Data transfer byte transmitted/received

Master mode operation can be done with either the
Slave mode Idle (SSPM3:SSPMO = 1011), or with the
Slave mode active. When both Master mode operation

and Slave modes are used, the software needs to
differentiate the source(s) of the interrupt.

For more information on Master mode operation, see
Application Note AN554, “Software Implementation of
[2C™ Bus Master".

10.3.3 MULTI-MASTER MODE OPERATION

In Multi-Master mode operation, the interrupt genera-
tion on the detection of the Start and Stop conditions
allows the determination of when the bus is free. The
Stop (P) and Start (S) bits are cleared from a Reset, or
when the SSP module is disabled. The Stop (P) and
Start (S) bits will toggle based on the Start and Stop
conditions. Control of the 12C bus may be taken when
bit P (SSPSTAT<4>) is set, or the bus is Idle and both
the S and P bits clear. When the bus is busy, enabling
the SSP interrupt will generate the interrupt when the
Stop condition occurs.

In Multi-Master mode operation, the SDA line must be
monitored to see if the signal level is the expected out-
put level. This check only needs to be done when a
high level is output. If a high level is expected and a low
level is present, the device needs to release the SDA
and SCL lines (set TRISB<4,1>). There are two stages
where this arbitration can be lost:

* Address Transfer
* Data Transfer

When the slave logic is enabled, the slave device
continues to receive. If arbitration was lost during the
address transfer stage, communication to the device
may be in progress. If addressed, an ACK pulse will be
generated. If arbitration was lost during the data
transfer stage, the device will need to retransfer the
data at a later time.

For more information on Multi-Master mode operation,
see Application Note AN578, “Use of the SSP Module
in the of I2C™ Multi-Master Environment”.

TABLE 10-3: REGISTERS ASSOCIATED WITH I2C™ OPERATION
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
0Bh, 8Bh, |INTCON GIE PEIE | TMROIE | INTOIE | RBIE |TMROIF| INTOIF | RBIF | 0000 000x (0000 000u
10Bh,18Bh
0Ch PIR1 — ADIFD) | RCIF TXIF | SSPIF |CCP1IF| TMR2IF | TMR1IF| -000 0000 [-000 0000
8Ch PIE1 — ADIE® | RCIE TXIE | SSPIE |CCP1lIE[{TMR2IE|TMR1IE| -000 0000 [-000 0000
13h SSPBUF |Synchronous Serial Port Receive Buffer/Transmit Register XXXX XXXX |uuuu uuuu
93h SSPADD |Synchronous Serial Port (IZC mode) Address Register 0000 0000 (0000 0000
14h SSPCON | WCOL [SSPOV| SSPEN | CKP |[SSPM3|SSPM2|SSPM1 |SSPMO| 0000 0000 (0000 0000
94h SSPSTAT | sMP®@ | cke® | D/A P S RIW UA BF | 0000 0000 [0000 0000
86h TRISB PORTB Data Direction Register 1111 1111 (1111 1111
Legend: x =unknown, u = unchanged, - = unimplemented locations read as ‘0’.
Shaded cells are not used by SSP module in SPI™ mode.
Note 1: This bitis only implemented on the PIC16F88. The bit will read ‘0’ on the PIC16F87.

2:  Maintain these bits clear in 1°C™ mode.

© 2005 Microchip Technology Inc.
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NOTES:
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11.0 ADDRESSABLE UNIVERSAL
SYNCHRONOUS
ASYNCHRONOUS RECEIVER
TRANSMITTER (AUSART)

The Addressable Universal Synchronous Asynchronous
Receiver Transmitter (AUSART) module is one of the
two serial I/O modules. (AUSART is also known as a
Serial Communications Interface or SCI.) The AUSART
can be configured as a full-duplex asynchronous system
that can communicate with peripheral devices, such as
CRT terminals and personal computers, or it can be
configured as a half-duplex synchronous system that
can communicate with peripheral devices, such as A/D
or D/A integrated circuits, serial EEPROMSs, etc.

REGISTER 11-1:

The AUSART can be configured in the following
modes:

« Asynchronous (full-duplex)

« Synchronous — Master (half-duplex)

e Synchronous — Slave (half-duplex)

Bit SPEN (RCSTA<7>) and bits TRISB<5,2> have to
be set in order to configure pins, RB5/SS/TX/CK and

RB2/SDO/RX/DT, as the Addressable Universal
Synchronous Asynchronous Receiver Transmitter.

The AUSART module also has a multi-processor
communication capability, using 9-bit address
detection.

TXSTA: TRANSMIT STATUS AND CONTROL REGISTER (ADDRESS 98h)

R/W-0 R/W-0 R/W-0 R/W-0 uU-0 R/W-0 R-1 R/W-0
CSRC TX9 TXEN | SYNC — | BRGH | TRMT | Tx9D
bit 7 bit 0
bit 7 CSRC: Clock Source Select bit
Asynchronous mode:
Don't care.

Synchronous mode:

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

bit 6 TX9: 9-bit Transmit Enable bit

1 = Selects 9-bit transmission
0 = Selects 8-bit transmission

bit 5 TXEN: Transmit Enable bit

1 = Transmit enabled
0 = Transmit disabled

Note:  SREN/CREN overrides TXEN in Sync mode.

bit 4 SYNC: AUSART Mode Select bit

1 = Synchronous mode
0 = Asynchronous mode

bit 3 Unimplemented: Read as ‘0’

bit 2 BRGH: High Baud Rate Select bit

Asynchronous mode:
1 = High speed

0 = Low speed
Synchronous mode:
Unused in this mode.

bit 1 TRMT: Transmit Shift Register Status bit
1 =TSR empty
0 =TSR full

bit 0 TX9D: 9th bit of Transmit Data, can be Parity bit
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
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REGISTER 11-2:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

RCSTA: RECEIVE STATUS AND CONTROL REGISTER (ADDRESS 18h)

RW-O RW-0 RMW-0 RWO  RMW-O R-0 R-0 R-X
SPEN RX9 | SREN | CREN | ADDEN | FERR | OERR | RX9D
bit 7 bit 0

SPEN: Serial Port Enable bit

1 = Serial port enabled (configures RB2/SDO/RX/DT and RB5/SS/TX/CK pins as serial port pins)
0 = Serial port disabled

RX9: 9-bit Receive Enable bit

1 = Selects 9-hit reception

0 = Selects 8-bit reception

SREN: Single Receive Enable bit

Asynchronous mode:
Don't care.

Synchronous mode — Master:

1 = Enables single receive

0 = Disables single receive

This bit is cleared after reception is complete.
Synchronous mode — Slave:

Don't care.

CREN: Continuous Receive Enable bit

Asynchronous mode:
1 = Enables continuous receive
0 = Disables continuous receive

Synchronous mode:

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

0 = Disables continuous receive

ADDEN: Address Detect Enable bit

Asynchronous mode 9-bit (RX9 = 1):

1 = Enables address detection, enables interrupt and load of the receive buffer when RSR<8>
is set

0 = Disables address detection, all bytes are received and ninth bit can be used as parity bit

FERR: Framing Error bit

1 = Framing error (can be updated by reading RCREG register and receive next valid byte)

0 = No framing error

OERR: Overrun Error bit

1 = Overrun error (can be cleared by clearing bit CREN)
0 = No overrun error

RX9D: 9th bit of Received Data (can be Parity bit, but must be calculated by user firmware)

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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11.1 AUSART Baud Rate Generator
(BRG)

The BRG supports both the Asynchronous and
Synchronous modes of the AUSART. It is a dedicated
8-bit Baud Rate Generator. The SPBRG register
controls the period of a free running 8-bit timer. In Asyn-
chronous mode, bit BRGH (TXSTA<2>) also controls
the baud rate. In Synchronous mode, bit BRGH is
ignored. Table 11-1 shows the formula for computation
of the baud rate for different AUSART modes which
only apply in Master mode (internal clock).

Given the desired baud rate and Fosc, the nearest
integer value for the SPBRG register can be calculated
using the formula in Table 11-1. From this, the error in
baud rate can be determined.

It may be advantageous to use the high baud rate
(BRGH = 1) even for slower baud clocks. This is
because the Fosc/(16(X + 1)) equation can reduce the
baud rate error in some cases.

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

TABLE 11-1: BAUD RATE FORMULA

1111 AUSART AND INTRC OPERATION

The PIC16F87/88 has an 8 MHz INTRC that can be
used as the system clock, thereby eliminating the need
for external components to provide the clock source.
When the INTRC provides the system clock, the
AUSART module will also use the INTRC as its system
clock. Table 11-1 shows some of the INTRC
frequencies that can be used to generate the AUSART
module’s baud rate.

11.1.2 LOW-POWER MODE OPERATION

The system clock is used to generate the desired baud
rate; however, when a low-power mode is entered, the
low-power clock source may be operating at a different
frequency than in full power execution. In Sleep mode,
no clocks are present. This may require the value in
SPBRG to be adjusted.

11.1.3 SAMPLING

The data on the RB2/SDO/RX/DT pin is sampled three
times by a majority detect circuit to determine if a high
or a low level is present at the RX pin.

SYNC BRGH = 0 (Low Speed) BRGH = 1 (High Speed)
0 (Asynchronous) Baud Rate = Fosc/(64(X + 1)) Baud Rate = Fosc/(16(X + 1))
1 (Synchronous) Baud Rate = Fosc/(4(X + 1)) N/A
Legend: X =value in SPBRG (0 to 255)
TABLE 11-2: REGISTERS ASSOCIATED WITH BAUD RATE GENERATOR
Value on: Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 2 Bit 1 Bit 0 POR, BOR all other
Resets
98h TXSTA CSRC TX9 TXEN | SYNC BRGH | TRMT | TX9D | 0000 -010| 0000 -010
18h RCSTA SPEN RX9 SREN | CREN | ADDEN FERR | OERR | RX9D | 0000 000x | 0000 000x
99h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x =unknown, -=unimplemented, read as ‘0’. Shaded cells are not used by the BRG.
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TABLE 11-3: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 0)

Fosc = 20 MHz Fosc = 16 MHz Fosc = 10 MHz
BR'/?\LTJE % SPBRG % SPBRG % SPBRG
(K) | kKBAUD ERROR (d‘é";"i‘;qeal) KBAUD ERROR (d‘éi:“meal) KBAUD ERROR (d‘éi'i“meal)
03 _ _ _ _ _ _ _ _ _
12 1221 +1.75 255 1202 +0.17 207 1202 +0.17 129
2.4 2404  +0.17 129 2404  +017 103 2404  +0.17 64
9.6 0766  +1.73 31 9615  +0.16 25 0766  +1.73 15
192 | 19531  +1.72 15 19231  +0.16 12 19531  +1.72 7
288 | 31250  +851 9 27.778  -355 8 31250  +8.51 4
336 | 34722  +3.34 8 35.714  +6.29 6 31250  -6.99
57.6 | 62.500  +8.51 4 62500  +8.51 3 52083  -9.58 2
HIGH | 1.221 — 255 0.977 — 255 0.610 — 255
LOW | 312.500 — 0 250.000 — 0 156250  — 0
Fosc = 4 MHz Fosc = 3.6864 MHz
BAUD
RATE % SPBRG % SPBRG
®) | gaup ERROR (d\éz:ﬁ]ean kBAup ERROR (d\églilri]eal)
0.3 0.300 0 207 0.3 0 191
12 1202 +0.17 51 12 0 47
2.4 2404  +0.17 25 2.4 0 23
9.6 8.929  +6.99 6 9.6 0 5
19.2 | 20.833  +851 2 19.2 0 2
28.8 | 31.250  +8.51 1 28.8 0 1
33.6 — — — — — —
57.6 | 62500  +8.51 0 57.6 0 0
HIGH | 0.244 — 255 0.225 — 255
LOW | 62.500 — 0 57.6 — 0

TABLE 11-4: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 1)

Fosc = 20 MHz Fosc = 16 MHz Fosc = 10 MHz
EJ‘#E % SPBRG % SPBRG % SPBRG
() | keaup ERROR |, YalU® | kpaup ERROR YA€ | kgAUD ERROR | VAlUe
(decimal) (decimal) (decimal)
0.3 — — — — — — — — —
1.2 — — — — — — — — —
2.4 — — — — — — 2.441 +1.71 255
9.6 9.615 +0.16 129 9.615 +0.16 103 9.615 +0.16 64
192 | 19231  +0.16 64 19231  +0.16 51 19.531  +1.72 31
288 | 20070  +0.94 42 20412 +2.13 33 28.409  -1.36 21
336 | 33.784  +055 36 33333 -0.79 29 32895  -2.10 18
576 | 59.524  +3.34 20 58.824  +2.13 16 56.818  -1.36 10
HIGH | 4.883 — 255 3.906 — 255 2.441 — 255
LOW | 1250.000 — 0 1000.000 — 0 625.000 — 0
Fosc = 4 MHz Fosc = 3.6864 MHz
BAUD
RATE % SPBRG % SPBRG
®) | ygaup ERROR (d\e/:glilrjneal) KBAUD ERROR (d\éililr:weal)
0.3 — — — — — —
1.2 1.202 +0.17 207 1.2 0 101
2.4 2.404 +0.17 103 2.4 0 95
9.6 9.615 +0.16 25 9.6 0 23
192 | 19231  +0.16 12 19.2 0 11
288 | 27.798 -3.55 8 28.8 0 7
336 | 35714  +6.29 6 329 2.04 6
576 | 62500  +851 3 57.6 0 3
HIGH | 0.977 — 255 0.9 — 255
LOW | 250.000 — 0 230.4 — 0
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TABLE 11-5: INTRC BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 0)
Fosc = 8 MHz Fosc = 4 MHz Fosc = 2 MHz Fosc = 1 MHz

BAUD

RATE % SPBRG % SPBRG % SPBRG % SPBRG
®) | keaup ERROR | YalUe | paup ERROR |, Y@U® |ygaup ERROR . Y2U® | gauD ERROR | Yalue

(decimal) (decimal) (decimal) (decimal)
0.3 NA — — 0.300 0 207 0.300 0 103 0.300 0 51
1.2 1.202 +0.16 103 1.202 +0.16 51 1202 +0.16 25 1202 +0.16 12
2.4 2.404 +0.16 51 2.404 +0.16 25 2404  +0.16 12 2232 -6.99 6
9.6 9.615 +0.16 12 8.929 -6.99 6 10.417  +8.51 2 NA — —
19.2 | 17.857  -6.99 6 20.833  +851 2 NA — — NA — —
288 | 31250  +8.51 3 31250  +851 1 31250  +8.51 0 NA — —
384 | 41.667  +8.51 2 NA — — NA — — NA — —
57.6 | 62.500  +8.51 1 62.500 8.51 0 NA — — NA — —
TABLE 11-6: INTRC BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 1)
Fosc = 8 MHz Fosc = 4 MHz Fosc = 2 MHz Fosc = 1 MHz

BAUD

RATE % SPBRG % SPBRG % SPBRG % SPBRG
®) | keaup ERROR | YalUe | ypauD ERROR |, Y&lU® |y gaup ERROR , YAV I«gauD ERROR | Yalue

(decimal) (decimal) (decimal) (decimal)

0.3 NA — — NA — — NA — — 0.300 0 207
1.2 NA — — 1.202 +0.16 207 1202 +0.16 103 1202 +0.16 51
2.4 2.404 +0.16 207 2.404 +0.16 103 2404  +0.16 51 2404  +0.16 25
9.6 9.615 +0.16 51 9.615 +0.16 25 9615  +0.16 12 8929  -6.99 6
19.2 | 19.231  +0.16 25 19231  +0.16 12 17.857  -6.99 6 20833  +851 2
288 | 20412  +2.12 16 27778  -355 8 31250 +8.51 3 31250 +8.51 1
384 | 38.462  +0.16 12 35714  -6.99 6 41667  +851 2 NA — —
576 | 55556  -3.55 8 62500  +8.51 3 62.500  +8.51 1 62500  +8.51 0
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11.2 AUSART Asynchronous Mode

In this mode, the AUSART uses standard Non-Return-
to-Zero (NRZ) format (one Start bit, eight or nine data
bits and one Stop bit). The most common data format
is 8 bits. An on-chip, dedicated, 8-bit Baud Rate
Generator can be used to derive standard baud rate
frequencies from the oscillator. The AUSART transmits
and receives the LSb first. The transmitter and receiver
are functionally independent, but use the same data
format and baud rate. The Baud Rate Generator
produces a clock, either x16 or x64 of the bit shift rate,
depending on bit BRGH (TXSTA<2>). Parity is not
supported by the hardware, but can be implemented in
software (and stored as the ninth data bit).
Asynchronous mode is stopped during Sleep.

Asynchronous mode is selected by clearing bit SYNC
(TXSTA<4>).

The AUSART Asynchronous module consists of the
following important elements:

* Baud Rate Generator

e Sampling Circuit

e Asynchronous Transmitter
« Asynchronous Receiver

11.2.1 AUSART ASYNCHRONOUS
TRANSMITTER

The AUSART transmitter block diagram is shown in
Figure 11-1. The heart of the transmitter is the Transmit
(Serial) Shift Register (TSR). The Shift register obtains
its data from the Read/Write Transmit Buffer register,
TXREG. The TXREG register is loaded with data in
software. The TSR register is not loaded until the Stop
bit has been transmitted from the previous load. As
soon as the Stop bit is transmitted, the TSR is loaded
with new data from the TXREG register (if available).
Once the TXREG register transfers the data to the TSR
register (occurs in one Tcy), the TXREG register is
empty and flag bit, TXIF (PIR1<4>), is set. This

interrupt can be enabled/disabled by setting/clearing
enable bit, TXIE (PIE1<4>). Flag bit TXIF will be set,
regardless of the state of enable bit TXIE and cannot be
cleared in software. It will reset only when new data is
loaded into the TXREG register. While flag bit TXIF
indicates the status of the TXREG register, another bit,
TRMT (TXSTA<1>), shows the status of the TSR
register. Status bit TRMT is a read-only bit which is set
when the TSR register is empty. No interrupt logic is
tied to this bit, so the user has to poll this bit in order to
determine if the TSR register is empty.

Note 1: The TSR register is not mapped in data
memory, so it is not available to the user.

2: Flag bit TXIF is set when enable bit TXEN

is set. TXIF is cleared by loading TXREG.

Transmission is enabled by setting enable bit TXEN
(TXSTA<5>). The actual transmission will not occur
until the TXREG register has been loaded with data
and the Baud Rate Generator (BRG) has produced a
shift clock (Figure 11-2). The transmission can also be
started by first loading the TXREG register and then
setting enable bit TXEN. Normally, when transmission
is first started, the TSR register is empty. At that point,
transfer to the TXREG register will result in an immedi-
ate transfer to TSR, resulting in an empty TXREG. A
back-to-back transfer is thus possible (Figure 11-3).
Clearing enable bit TXEN during a transmission will
cause the transmission to be aborted and will reset the
transmitter. As a result, the RB5/SS/TX/CK pin will
revert to high-impedance.

In order to select 9-bit transmission, transmit bit, TX9
(TXSTA<6>), should be set and the ninth bit should be
written to TX9D (TXSTA<0>). The ninth bit must be
written before writing the 8-bit data to the TXREG
register. This is because a data write to the TXREG
register can result in an immediate transfer of the data
to the TSR register (if the TSR is empty). In such a
case, an incorrect ninth data bit may be loaded in the
TSR register.

FIGURE 11-1: AUSART TRANSMIT BLOCK DIAGRAM

F Data Bus

TXREG Register

0 ! Pin Buffer
. and Control

Interrupt

Baud Rate Generator

________ RB5/SS/TX/CK pin

| TRMT| ‘SPEN ‘

DS30487C-page 102

© 2005 Microchip Technology Inc.



PIC16F87/88

When setting up an asynchronous transmission, follow 4. If 9-bit transmission is desired, then set transmit
these steps: bit TX9.
1. Initialize the SPBRG register for the appropriate 5. Enable the transmission by setting bit TXEN
baud rate. If a high-speed baud rate is desired, which will also set bit TXIF.
set bit BRGH (Section 11.1 “AUSART Baud 6. If 9-bit transmission is selected, the ninth bit
Rate Generator (BRG)"). should be loaded in bit TX9D.
2. Enable the asynchronous serial port by clearing 7. Load data to the TXREG register (starts
bit SYNC and setting bit SPEN. transmission).
3. If interrupts are desired, then set enable bit 8. If using interrupts, ensure that GIE and PEIE
TXIE. (bits 7 and 6) of the INTCON register are set.
FIGURE 11-2: ASYNCHRONOUS MASTER TRANSMISSION
Write to TXREG I cc
BRG Output Worl'd ! >
(Shift Clogk) — L ' ' j ' ' . '_
RB5/SSITX/CK pin L - '
T N\StartBit < Bito_x__BitT X__§§ > Bit7/8 ,/Stop Bit .
TXIF bit l Word 1 : :
Transmit Buffer ' cc !
eg. Empty Flag) 1 0J 0
: Word1 —™> X
TRMT bit i ; !
Transmit Shift Transmit Shift Reg .
eg. Empty Flag) cC
0J

FIGURE 11-3: ASYNCHRONOUS MASTER TRANSMISSION (BACK TO BACK)
Write to TXREG I I 55
BRG Output Word 1 Word 2
(Shift Clock) I 1 | 1 | 1 1 | SS_I [ I I | 1
RB5/SS/TX/CK pin : _ _
NStartBit < Bit0 X Bit1 ><j§ X __Bit 7/8 /Stop Bit \St@artBit " Bit0
; O Word 1 I Word 2
TXIF bit
(Interrupt Reg. Flag) lfl | )(J(
T it Shift ; ; Word2 ——
égﬁ%rﬂ{pty Ilzlag) Transmit Shift Reg. Transmit Shift Reg.
C
)
Note: This timing diagram shows two consecutive transmissions.
TABLE 11-7: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION
value on: Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 ) all other
POR, BOR
Resets
0Bh, 8Bh, [INTCON GIE PEIE |TMROIE| INTOIE | RBIE | TMROIF | INTOIF RBIF 0000 000x | 0000 000u
10Bh,18Bh
0Ch PIR1 — ADIF®D | RCIF TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF | -000 0000 | -000 0000
18h RCSTA SPEN RX9 | SREN | CREN |ADDEN| FERR OERR RX9D | 0000 000x | 0000 000x
19h TXREG |AUSART Transmit Data Register 0000 0000 [ 0000 0000
8Ch PIE1 — ADIE® | RCIE TXIE | SSPIE | CCP1IE | TMR2IE | TMR1IE | -000 0000 | -000 0000
98h TXSTA CSRC TX9 TXEN | SYNC — BRGH TRMT TX9D | 0000 -010 | 0000 -010
99h SPBRG |Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x =unknown, - = unimplemented locations read as ‘0’. Shaded cells are not used for asynchronous transmission.
Note 1: This bitis only implemented on the PIC16F88. The bit will read ‘0’ on the PIC16F87.

© 2005 Microchip Technology Inc.
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11.2.2 AUSART ASYNCHRONOUS

RECEIVER

The receiver block diagram is shown in Figure 11-4.
The data is received on the RB2/SDO/RX/DT pin and
drives the data recovery block. The data recovery block
is actually a high-speed shifter, operating at x16 times
the baud rate; whereas, the main receive serial shifter
operates at the bit rate or at Fosc.

Once Asynchronous mode is selected, reception is
enabled by setting bit CREN (RCSTA<4>).

The heart of the receiver is the Receive (Serial) Shift
Register (RSR). After sampling the Stop bit, the
received data in the RSR is transferred to the RCREG
register (if it is empty). If the transfer is complete, flag
bit, RCIF (PIR1<5>), is set. The actual interrupt can be
enabled/disabled by setting/clearing enable bit RCIE
(PIE1<5>). Flag bit RCIF is a read-only bit which is
cleared by the hardware. Itis cleared when the RCREG
register has been read and is empty. The RCREG is a
double-buffered register (i.e., it is a two-deep FIFO). It

is possible for two bytes of data to be received and
transferred to the RCREG FIFO and a third byte to
begin shifting to the RSR register. On the detection of
the Stop bit of the third byte, if the RCREG register is
still full, the Overrun Error bit, OERR (RCSTA<1>), will
be set. The word in the RSR will be lost. The RCREG
register can be read twice to retrieve the two bytes in
the FIFO. Overrun bit OERR has to be cleared in soft-
ware. This is done by resetting the receive logic (CREN
is cleared and then set). If bit OERR is set, transfers
from the RSR register to the RCREG register are inhib-
ited and no further data will be received. It is, therefore,
essential to clear error bit OERR if it is set. Framing
Error bit, FERR (RCSTA<2>), is set if a Stop bit is
detected as clear. Bit FERR and the 9th receive bit are
buffered the same way as the receive data. Reading
the RCREG will load bits RX9D and FERR with new
values; therefore, it is essential for the user to read the
RCSTA register, before reading the RCREG register, in
order not to lose the old FERR and RX9D information.

FIGURE 11-4: AUSART RECEIVE BLOCK DIAGRAM
x64 Baud Rate CLK
P oo CREN | OERR FERR
Fosc - T I
—_— SPBRG oY oL,
Z ! +64 ' MSb RSR Register LSb
Baud Rate Generator +16 | Stop |[(8)| 7| eee |1]|0]Star :
RB2/SDO/RX/DT T e
Pin Buffer Data RX9
and Control Recovery [
SPEN RX9D| RCREG Register FIFO
Interrupt 8
-
RCIE Data Bus
FIGURE 11-5: ASYNCHRONOUS RECEPTION
RX pin Start Start Start
bit ( bit0 ¥ bit 1 it 7/8/ Sto bit A bit0 bit 7/8/ Stop \ bit it 7/8/ Stop
COEEN TTEEANYET S e SN AT
Rog Mt 4q n € n e :
Rcv Buffer Reg :T Word 1 Word 2 T :
Read Rcv C X RCREG C RCREG C : N
Buffer Reg D) T D) D) T
RCREG ' : )
: C C '
RCIF C 0 -
(Interrupt Flag) D) I ) ) ,
i CC Q C
OERR bit 5S 55 S I S
CREN CC C C 3
J)J ) J)J [
Note:  This timing diagram shows three words appearing on the RX input. The RCREG (Receive Buffer) is read after the third word,

causing the OERR (Overrun) bit to be set.
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When setting up an asynchronous reception, follow 6. Flag bit RCIF will be set when reception is com-

these steps: plete and an interrupt will be generated if enable

1. Initialize the SPBRG register for the appropriate bit RCIE is set.
baud rate. If a high-speed baud rate is desired, 7. Read the RCSTA register to get the ninth bit (if
set bit BRGH (Section 11.1 “AUSART Baud enabled) and determine if any error occurred
Rate Generator (BRG)"). during reception.

2. Enable the asynchronous serial port by clearing 8. Read the 8-bit received data by reading the
bit SYNC and setting bit SPEN. RCREG register.

3. If interrupts are desired, then set enable bit 9. If any error occurred, clear the error by clearing
RCIE. enable bit CREN.

4. If 9-bit reception is desired, then set bit RX9. 10. If using interrupts, ensure that GIE and PEIE

5. Enable the reception by setting bit CREN. (bits 7 and 6) of the INTCON register are set.

TABLE 11-8: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION

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

0Bh, 8Bh, |INTCON| GIE PEIE |TMROIE| INTOIE | RBIE | TMROIF | INTOIF RBIF 0000 000x | 0000 000u
10Bh,18Bh

0Ch PIR1 — ADIF® RCIF TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF | -000 0000 | -000 0000
18h RCSTA | SPEN RX9 SREN | CREN [ADDEN| FERR | OERR | RX9D | 0000 000x | 0000 000x
1Ah RCREG |AUSART Receive Data Register 0000 0000 | 0000 0000
8Ch PIE1 — ADIE® | RCIE TXIE | SSPIE | CCP1IE | TMR2IE | TMR1IE | -000 0000 | -000 0000
98h TXSTA | CSRC TX9 TXEN | SYNC — BRGH | TRMT | TX9D | 0000 -010 | 0000 -010
99h SPBRG |Baud Rate Generator Register 0000 0000 [ 0000 0000

Legend: x =unknown, - = unimplemented locations read as ‘0’. Shaded cells are not used for asynchronous reception.
Note 1: This bitis only implemented on the PIC16F88. The bit will read ‘0’ on the PIC16F87.
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11.2.3 SETTING UP 9-BIT MODE WITH * Flag bit RCIF will be set when reception is

ADDRESS DETECT complete and an interrupt will be generated if
enable bit RCIE was set.

* Read the RCSTA register to get the ninth bit and
determine if any error occurred during reception.

* Read the 8-bit received data by reading the
RCREG register to determine if the device is
being addressed.

« If any error occurred, clear the error by clearing
enable bit CREN.

« If the device has been addressed, clear the

When setting up an asynchronous reception with
address detect enabled:

« Initialize the SPBRG register for the appropriate
baud rate. If a high-speed baud rate is desired,
set bit BRGH.

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

« If interrupts are desired, then set enable bit RCIE.

* Set bit RX9 to enable 9-bit reception. ADDEN bit to allow data bytes and address bytes
» Set ADDEN to enable address detect. to be read into the receive buffer and interrupt the
« Enable the reception by setting enable bit CREN. CPU.
FIGURE 11-6: AUSART RECEIVE BLOCK DIAGRAM
,._X64BaudRae CLK ‘ OERR | FERR
: ! CREN
Fosc ' ' l T I
=~ . SPBRG R S A
Z 1 +64 ©_Msb RSR Register Lsb_
_________________ or ! !
Baud Rate Generator + 16 —w|stop |(8)| 7| eee |1]0|start :
RB2/SDO/RX/DT
Pin Buffer Dat
and Control Rec%\?ery I RX9
8
SPEN
RX9 Enable
ADDEN Load of S 7 ’&7
Receive
RX9
ADDEN Buffer
RSR<8> 8
RX9D RCREG Register
FIFO
8
—4
Interrupt Data Bus
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11.3 AUSART Synchronous
Master Mode

In Synchronous Master mode, the data is transmitted in
a half-duplex manner (i.e., transmission and reception
do not occur at the same time). When transmitting data,
the reception is inhibited and vice versa. Synchronous
mode is entered by setting bit SYNC (TXSTA<4>). In
addition, enable bit SPEN (RCSTA<7>) is set in order
to configure the RB5/SS/TX/CK and RB2/SDO/RX/DT
I/O pins to CK (clock) and DT (data) lines, respectively.
The Master mode indicates that the processor trans-
mits the master clock on the CK line. The Master mode
is entered by setting bit CSRC (TXSTA<7>).

11.31 AUSART SYNCHRONOUS MASTER
TRANSMISSION

The AUSART transmitter block diagram is shown in
Figure 11-6. The heart of the transmitter is the Transmit
(Serial) Shift Register (TSR). The Shift register obtains
its data from the Read/Write Transmit Buffer register,
TXREG. The TXREG register is loaded with data in
software. The TSR register is not loaded until the last
bit has been transmitted from the previous load. As
soon as the last bit is transmitted, the TSR is loaded
with new data from the TXREG (if available). Once the
TXREG register transfers the data to the TSR register
(occurs in one TcycLE), the TXREG is empty and
interrupt bit TXIF (PIR1<4>) is set. The interrupt can be
enabled/disabled by setting/clearing enable bit TXIE
(PIE1<4>). Flag bit TXIF will be set, regardless of the
state of enable bit TXIE and cannot be cleared in
software. It will reset only when new data is loaded into
the TXREG register. While flag bit TXIF indicates the
status of the TXREG register, another bit, TRMT
(TXSTA<1>), shows the status of the TSR register.
TRMT is a read-only bit which is set when the TSR is
empty. No interrupt logic is tied to this bit, so the user
has to poll this bit in order to determine if the TSR reg-
ister is empty. The TSR is not mapped in data memory,
so it is not available to the user.

Transmission is enabled by setting enable bit TXEN
(TXSTA<5>). The actual transmission will not occur
until the TXREG register has been loaded with data.
The first data bit will be shifted out on the next available
rising edge of the clock on the CK line. Data out is
stable around the falling edge of the synchronous clock
(Figure 11-9). The transmission can also be started by
first loading the TXREG register and then setting bit
TXEN (Figure 11-10). This is advantageous when slow
baud rates are selected, since the BRG is kept in Reset
when bits TXEN, CREN and SREN are clear. Setting
enable bit TXEN will start the BRG, creating a shift
clock immediately. Normally, when transmission is first
started, the TSR register is empty, so a transfer to the
TXREG register will result in an immediate transfer to
TSR, resulting in an empty TXREG. Back-to-back
transfers are possible.

Clearing enable bit TXEN during a transmission will
cause the transmission to be aborted and will reset the
transmitter. The DT and CK pins will revert to high-
impedance. If either bit CREN or bit SREN is set during
a transmission, the transmission is aborted and the DT
pin reverts to a high-impedance state (for a reception).
The CK pin will remain an output if bit CSRC is set
(internal clock). The transmitter logic, however, is not
reset, although it is disconnected from the pins. In order
to reset the transmitter, the user has to clear bit TXEN.
If bit SREN is set (to interrupt an on-going transmission
and receive a single word), then after the single word is
received, bit SREN will be cleared and the serial port
will revert back to transmitting, since bit TXEN is still
set. The DT line will immediately switch from High-
Impedance Receive mode to transmit and start driving.
To avoid this, bit TXEN should be cleared.

In order to select 9-bit transmission, the TX9
(TXSTA<6>) bit should be set and the ninth bit should
be written to bit TX9D (TXSTA<0>). The ninth bit must
be written before writing the 8-bit data to the TXREG
register. This is because a data write to the TXREG can
result in an immediate transfer of the data to the TSR
register (if the TSR is empty). If the TSR was empty and
the TXREG was written before writing the “new” TX9D,
the “present” value of bit TX9D is loaded.

Steps to follow when setting up a synchronous master
transmission:

1. Initialize the SPBRG register for the appropriate
baud rate (Section 11.1 “AUSART Baud Rate
Generator (BRG)").

2. Enable the synchronous master serial port by
setting bits SYNC, SPEN and CSRC.

If interrupts are desired, set enable bit TXIE.

If 9-bit transmission is desired, set bit TX9.

Enable the transmission by setting bit TXEN.

If 9-bit transmission is selected, the ninth bit

should be loaded in bit TX9D.

7. Starttransmission by loading data to the TXREG
register.

8. If using interrupts, ensure that GIE and PEIE

(bits 7 and 6) of the INTCON register are set.

2
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TABLE 11-10: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER TRANSMISSION

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

0Bh, 8Bh, |INTCON | GIE PEIE |TMROIE | INTOIE | RBIE | TMROIF | INTOIF RBIF | 0000 000x | 0000 000u
10Bh,18Bh

0Ch PIR1 — ADIF® | RCIF TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF | -000 0000 | -000 0000
18h RCSTA | SPEN RX9 SREN | CREN | ADDEN | FERR | OERR RX9D | 0000 000x | 0000 000x
19h TXREG | AUSART Transmit Data Register 0000 0000 | 0000 0000
8Ch PIE1 — ADIE®W | RCIE | TXIE | SSPIE | CCP1IE | TMR2IE | TMR1IE | -000 0000 | -000 0000
98h TXSTA | CSRC TX9 TXEN | SYNC — BRGH | TRMT TX9D | 0000 -010| 0000 -010
99h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000

Legend: x =unknown, - = unimplemented, read as ‘0’. Shaded cells are not used for synchronous master transmission.
Note 1: This bitis only implemented on the PIC16F88. The bit will read ‘0’ on the PIC16F87.

FIGURE 11-9: SYNCHRONOUS TRANSMISSION
Qfozjosjdariozlosjoderodesiodariodosiodorioriosiod  fosjosarodededaroradodarodosfosarioziosodortoriododarerasios
E;B(,ZE/,STDF,% X B0 X B X Bz X § X BT X B0 X B X XS X T |
RBS5/SSITX/ : - word1 | NE——— word2 — —
CK pin : : : | T
Write to ' : |_i : C : : : : Ids :
TXREG Reg Wrilte word 1 Writ:la Word 2 : > : : | : > :
TXIF bit e - ) ' - - ' ' (¢ -
(Interrupt Flag) : ' ' : e ' ' ! X 2J '
TRMTbit : | (c : ¢ ,—
. . : : 35 : : : - 35 :
TXEN bit : : ' ' (¢ : : : : {§ : -
Note: Sync Master mode; SPBRG = 0. Continuous transmission of two 8-bit words.
FIGURE 11-10: SYNCHRONOUS TRANSMISSION (THROUGH TXEN)
RB2/SDO/RX/DT pin X bito X pit1 X bit2 33 X bite X bit7
RB5/SS/TX/CK pin
4/_\_/_\_/_\§>/ / \
Write to :
TXREG Reg j (C .
; )) :
TXIF bit : (¢ :
: )) :
TRMT bit _‘ (¢
))
(C
TXEN bit ))
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11.3.2 AUSART SYNCHRONOUS MASTER

RECEPTION

Once Synchronous mode is selected, reception is
enabled by setting either enable bit SREN
(RCSTA<5>), or enable bit CREN (RCSTA<4>). Data is
sampled on the RB2/SDO/RX/DT pin on the falling
edge of the clock. If enable bit SREN is set, then only a
single word is received. If enable bit CREN is set, the
reception is continuous until CREN is cleared. If both
bits are set, CREN takes precedence.

After clocking the last bit, the received data in the
Receive Shift Register (RSR) is transferred to the
RCREG register (if it is empty). When the transfer is
complete, interrupt flag bit, RCIF (PIR1<5>), is set. The
actual interrupt can be enabled/disabled by setting/
clearing enable bit RCIE (PIE1<5>).

Flag bit RCIF is a read-only bit which is reset by the
hardware. In this case, it is reset when the RCREG
register has been read and is empty. The RCREG is a
double-buffered register (i.e., it is a two-deep FIFO). It is
possible for two bytes of data to be received and
transferred to the RCREG FIFO and a third byte to begin
shifting into the RSR register. On the clocking of the last
bit of the third byte, if the RCREG register is still full, then
Overrun Error bit, OERR (RCSTA<1>), is set. The word
in the RSR will be lost. The RCREG register can be read
twice to retrieve the two bytes in the FIFO. Bit OERR has
to be cleared in software (by clearing bit CREN). If bit
OERR is set, transfers from the RSR to the RCREG are
inhibited, so it is essential to clear bit OERR if it is set.
The ninth receive bit is buffered the same way as the

receive data. Reading the RCREG register will load bit
RX9D with a new value, therefore, it is essential for the
user to read the RCSTA register, before reading
RCREG, in order not to lose the old RX9D information.

When setting up a synchronous master reception:

1. Initialize the SPBRG register for the appropriate
baud rate (Section 11.1 “AUSART Baud Rate
Generator (BRG)").

2. Enable the synchronous master serial port by
setting bits SYNC, SPEN and CSRC.

3. Ensure bits CREN and SREN are clear.

4. If interrupts are desired, then set enable hit
RCIE.

5. If 9-bit reception is desired, then set bit RX9.

6. If a single reception is required, set bit SREN.
For continuous reception, set bit CREN.

7. Interrupt flag bit, RCIF, will be set when
reception is complete and an interrupt will be
generated if enable bit, RCIE, was set.

8. Read the RCSTA register to get the ninth bit (if
enabled) and determine if any error occurred
during reception.

9. Read the 8-bit received data by reading the
RCREG register.

10. If any error occurred, clear the error by clearing
bit CREN.

11. If using interrupts, ensure that GIE and PEIE
(bits 7 and 6) of the INTCON register are set.

TABLE 11-11: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER RECEPTION

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
0Bh, 8Bh, |[INTCON | GIE PEIE |TMROIE | INTOIE | RBIE | TMROIF [ INTOIF RBIF | 0000 000x | 0000 000u
10Bh,18Bh
0Ch PIR1 — ADIFY | RCIF TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF | -000 0000 | -000 0000
18h RCSTA | SPEN RX9 SREN | CREN | ADDEN | FERR | OERR RX9D | 0000 000x | 0000 000x
1Ah RCREG | AUSART Receive Data Register 0000 0000 | 0000 0000
8Ch PIE1 — ADIE® | RCIE TXIE | SSPIE | CCPlIE | TMR2IE | TMR1IE | -000 0000 | -000 0000
98h TXSTA CSRC TX9 TXEN | SYNC — BRGH | TRMT TX9D | 0000 -010 | 0000 -010
99h SPBRG | Baud Rate Generator Register 0000 0000 [ 0000 0000
Legend: x =unknown, - = unimplemented, read as ‘0’. Shaded cells are not used for synchronous master reception.
Note 1: This bitis only implemented on the PIC16F88. The bit will read ‘0’ on the PIC16F87.

DS30487C-page 110

© 2005 Microchip Technology Inc.




PIC16F87/88

FIGURE 11-11:

SYNCHRONOUS RECEPTION (MASTER MODE, SREN)

Q2|Q3|Q4|QJJ Q2|Q3|Q4 Qf Q2|Q3|Q4|Q11Q2|Q3|Q4QJJ Q21Q3|Q4|Q11Q21Q4Q4|Q11Q2|Q3|Q4|Q1|Q2|Q4Q4|QJJ Q2|Q3|Q4|QllQ2|Q3|Q4|Q1|Q2|Q4Q4|

RB2/SDO/RX/DT ' ' blt 1

'b|t2 >< bit 3 >< 'bit 4

pin ! >< bit 0

b|t5><‘0|t6 ><b|t7 ' X

RB5/SS/TX/CK . |. | [ 1] 1

pin ) ) X .

Write to ,

bit SREN
SREN bit — | 5

CREN bit '

RCIF bit ' ' ' '

(Interrupt) : ; ;
Read \ '

RXREG ; ; ; -

Note: Timing diagram demonstrates Sync Master mode with bit SREN = 1 and bit BRG = 0.

11.4 AUSART Synchronous Slave Mode

Synchronous Slave mode differs from the Master mode
in the fact that the shift clock is supplied externally at
the RB5/SS/TX/CK pin (instead of being supplied inter-
nally in Master mode). This allows the device to trans-
fer or receive data while in Sleep mode. Slave mode is
entered by clearing bit CSRC (TXSTA<7>).

1141 AUSART SYNCHRONOUS SLAVE

TRANSMIT

The operation of the Synchronous Master and Slave
modes is identical, except in the case of the Sleep mode.

If two words are written to the TXREG and then the

SLEEP instruction is executed, the following will occur:

a) The first word will immediately transfer to the
TSR register and transmit.

b) The secondword willremain inthe TXREG register.

c) Flag bit TXIF will not be set.

d) When the first word has been shifted out of TSR,

the TXREG register will transfer the second word
to the TSR and flag bit TXIF will now be set.

e) If enable bit TXIE is set, the interrupt will wake
the chip from Sleep and if the global interrupt is
enabled, the program will branch to the interrupt
vector (0004h).

When setting up a synchronous slave transmission,
follow these steps:

1. Enable the synchronous slave serial port by
setting bits SYNC and SPEN and clearing bit
CSRC.

2. Clear bits CREN and SREN.

3. If interrupts are desired, then set enable hit
TXIE.

4. If 9-bit transmission is desired, then set bit TX9.

5. Enable the transmission by setting enable bit
TXEN.

6. If 9-bit transmission is selected, the ninth bit
should be loaded in bit TX9D.

7. Starttransmission by loading data to the TXREG
register.

8. If using interrupts, ensure that GIE and PEIE
(bits 7 and 6) of the INTCON register are set.

TABLE 11-12: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE TRANSMISSION

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
0Bh, 8Bh, [INTCON GIE PEIE | TMROIE [INTOIE| RBIE | TMROIF | INTOIF RBIF | 0000 000x| 0000 000u
10Bh,18Bh
0Ch PIR1 — ADIF®D | RCIF TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF | -000 0000 |-000 0000
18h RCSTA SPEN RX9 SREN | CREN | ADDEN | FERR | OERR | RX9D |0000 000x|0000 000x
19h TXREG | AUSART Transmit Data Register 0000 0000|0000 0000
8Ch PIE1 — ADIE® | RCIE TXIE | SSPIE |CCP1IE | TMR2IE | TMR1IE | -000 0000 |-000 0000
98h TXSTA CSRC TX9 TXEN | SYNC — BRGH | TRMT TX9D | 0000 -010|0000 -010
99h SPBRG | Baud Rate Generator Register 0000 0000|0000 0000
Legend: x =unknown, - = unimplemented, read as ‘0’. Shaded cells are not used for synchronous slave transmission.

Note 1:

This bit is only implemented on the PIC16F88. The bit will read ‘0’ on the PIC16F87.
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11.4.2 AUSART SYNCHRONOUS SLAVE When setting up a synchronous slave reception, follow
RECEPTION these steps:

The operation of the Synchronous Master and Slave 1. Enable the synchronous master serial port by

modes is identical, except in the case of the Sleep setting bits SYNC and SPEN and clearing bit

mode. Bit SREN is a “don’t care” in Slave mode. CSRC.

If receive is enabled by setting bit CREN prior to the 2. If |nt§rrupts are d.eS|red., set enablle bit RCIE.

SLEEP instruction, then a word may be received during 3. If 9-bit reception is desired, set bit RX9.

Sleep. On completely receiving the word, the RSR reg- 4. To enable reception, set enable bit CREN.

ister will transfer the data to the RCREG register and if 5. Flag bit RCIF will be set when reception is

enable bit RCIE bit is set, the interrupt generated will complete and an interrupt will be generated if

wake the chip from Sleep. If the global interrupt is enable bit RCIE was set.

enabled, the program will branch to the interrupt vector 6. Read the RCSTA register to get the ninth bit (if

(0004h). enabled) and determine if any error occurred

during reception.

7. Read the 8-bit received data by reading the
RCREG register.

8. If any error occurred, clear the error by clearing
bit CREN.

9. If using interrupts, ensure that GIE and PEIE
(bits 7 and 6) of the INTCON register are set.

TABLE 11-13: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE RECEPTION

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

0Bh, 8Bh, [INTCON GIE PEIE | TMROIE | INTOIE | RBIE | TMROIF | INTOIF RBIF | 0000 000x| 0000 000u
10Bh,18Bh

0Ch PIR1 — ADIF® | RCIF TXIF | SSPIF | CCP1IF | TMR2IF [ TMR1IF | -000 0000 |[-000 0000
18h RCSTA SPEN RX9 SREN | CREN | ADDEN | FERR | OERR RX9D | 0000 000x|0000 000x
1Ah RCREG | AUSART Receive Data Register 0000 0000|0000 0000
8Ch PIE1 — ADIE® | RCIE TXIE | SSPIE | CCP1IE | TMR2IE | TMR1IE | -000 0000 |-000 0000
98h TXSTA CSRC TX9 TXEN | SYNC — BRGH | TRMT TX9D |[0000 -010|{0000 -010
99h SPBRG | Baud Rate Generator Register 0000 0000|0000 0000

Legend: x =unknown, - = unimplemented, read as ‘0’. Shaded cells are not used for synchronous slave reception.
Note 1: This bitis only implemented on the PIC16F88. The bit will read ‘0’ on the PIC16F87.
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12.0 ANALOG-TO-DIGITAL
CONVERTER (A/D) MODULE

The Analog-to-Digital (A/D) converter module has
seven inputs for 18/20 pin devices (PIC16F88 devices
only).

The conversion of an analog input signal results in a
corresponding 10-bit digital number. The A/D module
has a high and low-voltage reference input that is
software selectable to some combination of VDD, Vss,
VREF- (RA2) or VREF+ (RA3).

The A/D converter has a unique feature of being able
to operate while the device is in Sleep mode. To oper-
ate in Sleep, the A/D conversion clock must be derived
from the A/D’s internal RC oscillator.

The A/D module has five registers:

« A/D Result High Register (ADRESH)
« A/D Result Low Register (ADRESL)
« A/D Control Register 0 (ADCONO)

« A/D Control Register 1 (ADCON1)

* Analog Select Register (ANSEL)

The ADCONO register, shown in Register 12-2,
controls the operation of the A/D module. The ANSEL
register, shown in Register 12-1 and the ADCON1
register, shown in Register 12-3, configure the func-
tions of the port pins. The port pins can be configured
as analog inputs (RA3/RA2 can also be voltage
references) or as digital 1/0.

Additional information on using the A/D module can be
found in the “PICmicro® Mid-Range MCU Family
Reference Manual” (DS33023).

REGISTER 12-1: ANSEL:ANALOGSELECTREGISTER(ADDRESS9Bh)PIC16F88DEVICESONLY

U-0 R/W-1 R/W-1 RW-1  RMW-1 RW-1 RMW-1  RMW-1
— ANS6 ANS5 ANS4 | ANS3 | ANS2 | ANS1 | ANSO
bit 7 bit 0

bit 7 Unimplemented: Read as ‘0’

bit 6-0 ANS<6:0>: Analog Input Select bits

Bits select input function on corresponding AN<6:0> pins.

1 = Analog 1/0%:2)
0 = Digital I/O

Note 1: Setting a pin to an analog input disables the digital input buffer. The corresponding
TRIS bit should be set to input mode when using pins as analog inputs. Only AN2 is
an analog /O, all other ANx pins are analog inputs.

2: See the block diagrams for the analog 1/O pins to see how ANSEL interacts with the
CHS bits of the ADCONO register.

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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REGISTER 12-2: ADCONO: A/DCONTROL REGISTER (ADDRESS 1Fh) PIC16F88DEVICESONLY

RW-0 RW-0  RWO  RW-0 RW-0  RMW-0 U0 RMW-0
ADCs1 | Abcso | cHs2 | cHsi | cHso | cobonE | — | Apon |
bit 7 bit 0

bit 7-6 ADCS<1:0>: A/D Conversion Clock Select bits

If ADCS2 = 0:

00 = Fosc/2

01 = Fosc/8

10 = Fosc/32

11 = FRc (clock derived from the internal A/D module RC oscillator)
If ADCS2 = 1:

00 = Foscl4

01 = Fosc/16

10 = Fosc/64

11 = FRc (clock derived from the internal A/D module RC oscillator)

bit 5-3 CHS<2:0>: Analog Channel Select bits

000 = Channel 0 (RAO/ANO)
001 = Channel 1 (RA1/AN1)
010 = Channel 2 (RA2/AN2)
011 = Channel 3 (RA3/AN3)
100 = Channel 4 (RA4/AN4)
101 = Channel 5 (RB6/AN5)
110 = Channel 6 (RB7/AN6)

bit 2 GO/DONE: A/D Conversion Status bit

If ADON = 1:

1 = A/D conversion in progress (setting this bit starts the A/D conversion)

0 = A/D conversion not in progress (this bit is automatically cleared by hardware when the A/D
conversion is complete)

bit 1 Unimplemented: Read as ‘0’
bit 0 ADON: A/D On bit

1 = A/D converter module is operating
0 = A/D converter module is shut off and consumes no operating current

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
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REGISTER 12-3: ADCON1: A/DCONTROLREGISTER1(ADDRESS9Fh)PIC16F88DEVICESONLY

R/W-0 R/W-0 R/W-0 R/W-0 uU-0 uU-0 uU-0 uU-0
ADFM ADCS2 VCFG1 ‘ VCFGO | — ‘ — | — —
bit 7 bit 0

bit 7 ADFM: A/D Result Format Select bit

1 = Right justified. Six Most Significant bits of ADRESH are read as ‘0.
0 = Left justified. Six Least Significant bits of ADRESL are read as ‘0’

bit 6 ADCS2: A/D Clock Divide by 2 Select bit

1 = A/D clock source is divided by 2 when system clock is used
0 = Disabled

bit5-4 VCFG<1:0>: A/D Voltage Reference Configuration bits

Logic State VREF+ VREF-
00 AVDD AVss
01 AVDD VREF-
10 VREF+ AVss
11 VREF+ VREF-

Note:  The ANSEL bits for AN3 and AN2 inputs must be configured as analog inputs for the
VREF+ and VREF- external pins to be used.

bit3-0 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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The ADRESH:ADRESL registers contain the result of
the A/D conversion. When the A/D conversion is
complete, the result is loaded into the A/D Result register
pair, the GO/DONE bit (ADCONO0<2>) is cleared and
A/D Interrupt Flag bit, ADIF, is set. The block diagram of
the A/D module is shown in Figure 12-1.

After the A/D module has been configured as desired,
the selected channel must be acquired before the
conversion is started. The analog input channels must
have their corresponding TRIS bits selected as inputs.

To determine sample time, see Section 12.1 “A/D
Acquisition Requirements”. After this sample time
has elapsed, the A/D conversion can be started.

These steps should be followed for doing an A/D
conversion:
1. Configure the A/D module:

« Configure analog/digital I/O (ANSEL)

« Configure voltage reference (ADCON1)

« Select A/D input channel (ADCONO)

« Select A/D conversion clock (ADCONO)

e Turn on A/D module (ADCONO)

2. Configure A/D interrupt (if desired):
» Clear ADIF bit
» Set ADIE bit
* SET PEIE bit
* Set GIE bit
3. Wait the required acquisition time.
4. Start conversion:
+ Set GO/DONE bit (ADCONO)
5.  Wait for A/D conversion to complete, by either:

 Polling for the GO/DONE bit to be cleared
(with interrupts disabled); OR
« Waiting for the A/D interrupt
6. Read A/D Result register pair
(ADRESH:ADRESL), clear bit ADIF if required.
7. For next conversion, go to step 1 or step 2 as
required. The A/D conversion time per bit is
defined as TAD. A minimum wait of 2 TAD is
required before the next acquisition starts.

FIGURE 12-1: A/D BLOCK DIAGRAM
CHS2:CHSO0
: 110 .
. . RB7/AN6/PGD/T10SI
' 101
: : RB6/AN5/PGC/T10SO/T1CKI
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' T RA3/AN3/VREF+/C1OUT
: \o 010 .
VIN ! . XI RA2/AN2/CVREF/VREF-
(Input Voltage) : 001 .
4o o B
: 000 |
AID AVDD | o ; @ RAO/ANO
Converter e
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(Reference X o
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12.1 A/D Acquisition Requirements

For the A/D converter to meet its specified accuracy, the
charge holding capacitor (CHoLD) must be allowed to
fully charge to the input channel voltage level. The ana-
log input model is shown in Figure 12-2. The source
impedance (Rs) and the internal sampling switch (RsS)
impedance directly affect the time required to charge the
capacitor CHoLD. The sampling switch (Rss) impedance
varies over the device voltage (VDD), see Figure 12-2.
The maximum recommended impedance for analog
sources is 10 kQ. As the impedance is decreased, the

EQUATION 12-1: ACQUISITION TIME

acquisition time may be decreased. After the analog
input channel is selected (changed), this acquisition
must be done before the conversion can be started.

To calculate the minimum acquisition time,
Equation 12-1 may be used. This equation assumes
that 1/2 LSb error is used (1024 steps for the A/D). The
1/2 LSb error is the maximum error allowed for the A/D
to meet its specified resolution.

To calculate the minimum acquisition time, TACQ, see
the “PICmicro® Mid-Range MCU Family Reference
Manual” (DS33023).

TAMP + Tc + TCOFF

TacQ = Amplifier Settling Time + Hold Capacitor Charging Time + Temperature Coefficient

2 us+ Tc + [(Temperature -25°C)(0.05 ug/°C)]

Tc CHoLD (RIC + Rss + Rs) In(1/2047)
= -120 pF (1 kQ + 7 kQ + 10 kQ) In(0.0004885)
= 16.47 us

TACQ = 2us+ 16.47 us+ [(50°C — 25°C)(0.05 us/°C)
= 19.72us

leakage specification.

Note 1: The reference voltage (VREF) has no effect on the equation, since it cancels itself out.
2. The charge holding capacitor (CHOLD) is not discharged after each conversion.
3: The maximum recommended impedance for analog sources is 10 kQ. This is required to meet the pin

4: After a conversion has completed, a 2.0 TAD delay must complete before acquisition can begin again.
During this time, the holding capacitor is not connected to the selected A/D input channel.

FIGURE 12-2: ANALOG INPUT MODEL
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12.2 Selecting the A/D Conversion
Clock

The A/D conversion time per bit is defined as TAD. The
A/D conversion requires 9.0 TAD per 10-bit conversion.
The source of the A/D conversion clock is software
selectable. The seven possible options for TAD are:

e 2ToSC

* 4Tosc

* 8 Tosc

e 16 Tosc

e 32 Tosc

* 64 Tosc

* Internal A/D module RC oscillator (2-6 us)

For correct A/D conversions, the A/D conversion clock
(TAD) must be selected to ensure a minimum TAD time
as small as possible, but no less than 1.6 us and not
greater than 6.4 ps.

Table 12-1 shows the resultant TAD times derived from
the device operating frequencies and the A/D clock
source selected.

12.3 Operation in Power-Managed
Modes

The selection of the automatic acquisition time and
A/D conversion clock is determined in part by the clock
source and frequency while in a power-managed
mode.

If the A/D is expected to operate while the device is in
a power-managed mode, the ADCS2:ADCSO0 bits in
ADCONO and ADCONL1 should be updated in accor-
dance with the power-managed mode clock that will be
used. After the power-managed mode is entered
(either of the power-managed Run modes), an A/D
acquisition or conversion may be started. Once an
acquisition or conversion is started, the device should
continue to be clocked by the same power-managed
mode clock source until the conversion has been
completed.

If the power-managed mode clock frequency is less
than 1 MHz, the A/D RC clock source should be
selected.

TABLE 12-1: Tapvs. MAXIMUM DEVICE OPERATING FREQUENCIES — STANDARD DEVICES (C)

AD Clock Source (TAD) Maximum Device Frequency
Operation ADCS<2> ADCS<1:0> Max.
2 Tosc 0 00 1.25 MHz
4 Tosc 1 00 2.5 MHz
8 Tosc 0 01 5 MHz
16 Tosc 1 01 10 MHz
32 Tosc 0 10 20 MHz
64 Tosc 1 10 20 MHz
Rc(1:2:3) x 11 (Note 1)

Note 1: The RC source has a typical TAD time of 4 us, but can vary between 2-6 ps.
2. When the device frequencies are greater than 1 MHz, the RC A/D conversion clock source is only

recommended for Sleep operation.

3. For extended voltage devices (LF), please refer to Section 18.0 “Electrical Characteristics”.

DS30487C-page 118

© 2005 Microchip Technology Inc.




PIC16F87/88

12.4 Configuring Analog Port Pins

The ADCON1, ANSEL, TRISA and TRISB registers
control the operation of the A/D port pins. The port pins
that are desired as analog inputs must have their
corresponding TRIS bits set (input). If the TRIS bit is
cleared (output), the digital output level (VOH or VoL)
will be converted.

The A/D operation is independent of the state of the
CHS<2:0> bits and the TRIS bits.

Note 1: When reading the Port register, all pins
configured as analog input channels will
read as cleared (a low level). Pins config-
ured as digital inputs will convert an
analog input. Analog levels on a digitally
configured input will not affect the
conversion accuracy.

2: Analog levels on any pin that is defined as
a digital input (including the RA4:RAO0 and
RB7:RB6 pins), may cause the input
buffer to consume current out of the
device specification.

FIGURE 12-3: A/D CONVERSION Tap CYCLES

12.5 A/D Conversions

Clearing the GO/DONE bit during a conversion will
abort the current conversion. The A/D Result register
pair will NOT be updated with the partially completed
A/D conversion sample. That is, the ADRESH:ADRESL
registers will continue to contain the value of the last
completed conversion (or the last value written to the
ADRESH:ADRESL registers). After the A/D conversion
is aborted, a 2 TAD wait is required before the next
acquisition is started. After this 2 TAD wait, acquisition
on the selected channel is automatically started. The
GO/DONE bit can then be set to start the conversion.

In Figure 12-3, after the GO/DONE bit is set, the first
time segment has a minimum of Tcy and a maximum of
TAD.

Note: The GO/DONE bit should NOT be set in
the same instruction that turns on the A/D.
12.5.1 A/D RESULT REGISTERS

The ADRESH:ADRESL register pair is the location
where the 10-bit A/D result is loaded at the completion
of the A/D conversion. This register pair is 16 bits wide.
The A/D module gives the flexibility to left or right justify
the 10-bit result in the 16-bit result register. The A/D
Format Select bhit (ADFM) controls this justification.
Figure 12-4 shows the operation of the A/D result
justification. The extra bits are loaded with ‘0’s. When
an A/D result will not overwrite these locations (A/D
disable), these registers may be used as two general
purpose 8-bit registers.

Tcy to TAD, TAD1 | TAD2  TAD3 | TAD4 = TAD5 | Tap6 = TAD7  TAD8 . TaD9 Tapl0 TADI11

Conversion starts

TT b9 b8 b7 b6 b5

Set GO/DONE bit

Holding capacitor is disconnected from analog input (typically 100 ns)

b4 b3 b2 bl b0

v

ADRES is loaded,

GO/DONE bit is cleared,

ADIF bit is set,

holding capacitor is connected to analog input

YT
10-bit Result
Right Justified

FIGURE 12-4: A/D RESULT JUSTIFICATION
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r A N A
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000000 . | . 0000 00
h s 8 s ’ h N ~ N ’
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12.6 A/D Operation During Sleep

The A/D module can operate during Sleep mode. This
requires that the A/D clock source be set to RC
(ADCS1:ADCSO0 = 11). When the RC clock source is
selected, the A/D module waits one instruction cycle
before starting the conversion. This allows the SLEEP
instruction to be executed which eliminates all digital
switching noise from the conversion. When the conver-
sion is completed, the GO/DONE bit will be cleared and
the result loaded into the ADRES registers. If the A/D
interrupt is enabled, the device will wake-up from
Sleep. If the A/D interrupt is not enabled, the A/D
module will then be turned off, although the ADON bhit
will remain set.

When the A/D clock source is another clock option (not
RC), a SLEEP instruction will cause the present conver-
sion to be aborted and the A/D module to be turned off,
though the ADON bit will remain set.

Turning off the A/D places the A/D module in its lowest
current consumption state.

Note:  For the A/D module to operate in Sleep,
the A/D clock source must be set to RC
(ADCS1:ADCSO0 = 11). To perform an A/D
conversion in Sleep, ensure the SLEEP
instruction immediately follows the
instruction that sets the GO/DONE bit.

12.7 Effects of a Reset

A device Reset forces all registers to their Reset state.
The A/D module is disabled and any conversion in
progress is aborted. All A/D input pins are configured
as analog inputs.

The value that is in the ADRESH:ADRESL registers
is not modified for a Power-on Reset. The
ADRESH:ADRESL registers will contain unknown data
after a Power-on Reset.

12.8 Use of the CCP Trigger

An A/D conversion can be started by the “special event
trigger” of the CCP module. This requires that the
CCP1M3:CCP1MO0O bhits (CCP1CON<3:0>) be pro-
grammed as ‘1011’ and that the A/D module is enabled
(ADON bit is set). When the trigger occurs, the GO/
DONE bit will be set, starting the A/D conversion and
the Timerl counter will be reset to zero. Timerl is reset
to automatically repeat the A/D acquisition period with
minimal software overhead (moving the
ADRESH:ADRESL to the desired location). The appro-
priate analog input channel must be selected and the
minimum acquisition done before the “special event
trigger” sets the GO/DONE bit (starts a conversion).

If the A/D module is not enabled (ADON is cleared), then
the “special event trigger” will be ignored by the A/D
module, but will still reset the Timerl counter.

TABLE 12-2: REGISTERS/BITS ASSOCIATED WITH A/D

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
0Bh, 8Bh |INTCON GIE | PEIE | TMROIE | INTOIE | RBIE | TMROIF | INTOIF | RBIF | 0000 000x [0000 000u
10Bh,
18Bh
0Ch PIR1 — |ADIE® | RCIF | TXIF | SSPIF | CCP1IF | TMR2IF | TMRLIF | -000 0000 |-000 0000
8Ch PIE1 — | ADIEW | RCIE | TXIE | SSPIE | CCP1lIE |TMR2IE | TMRLIE | -000 0000 |-000 0000
1Eh ADRESH®@ | A/D Result Register High Byte XXXX XXXX |uuuu uuuu
9Eh ADRESL® | A/D Result Register Low Byte XXXX XXXX [uuuu uuuu
1Fh ADCONO0@ | ADCS1 | ADCSO| CHS2 | CHS1 | CHSO |GO/DONE| — ADON | 0000 00-0 [0000 00-0
9Fh ADCON1@ | ADFM | ADCS2 | VCFG1 |VCFGO = = — | 0000 ---- |0000 ----
9Bh ANSEL® = ANS6 | ANS5 | ANS4 | ANS3 | ANS2 | ANS1 | ANSO |-111 1111 [-111 1111
05h PORTA RA7 | RA6 RA5 RA4 RA2 RA1 RAO
(PIC16F87) xxxx 0000 |uuuu 0000
(PIC16F88) xxx0 0000 [uuu0 0000
05h, 106h |PORTB RB7 | RB6 RB5 RB4 RB2 RB1 RBO
(PIC16F87) XXXX XXXX [uuuu uuuu
(PIC16F88) 00xx xxxx |00uu uuuu
85h TRISA TRISA7 | TRISA6 | TRISA5®) | PORTA Data Direction Register (TRISA<4:0>) 1111 1111|1111 1111
86h, 186h |TRISB | TRISB7|TRISB6| TRISB5 |TRISB4 |TRISB3| TRISB2 | TRISB1 [ TRISBO | 1111 1111 [1111 1111

Legend: x =unknown, u = unchanged, - = unimplemented, read as ‘0’. Shaded cells are not used for A/D conversion.
Note 1: This bitis only implemented on the PIC16F88. The bit will read ‘0’ on the PIC16F87.

2. PIC16F88 only.

3:  Pin 5 is an input only; the state of the TRISAS5 bit has no effect and will always read ‘1'.
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13.0 COMPARATOR MODULE The CMCON register (Register 13-1) controls the

comparator input and output multiplexors. A block
The comparator module contains two analog diagram of the various comparator configurations is
comparators. The inputs to the comparators are shown in Figure 13-1.

multiplexed with 1/0 port pins RAO through RA3, while
the outputs are multiplexed to pins RA3 and RA4. The
on-chip Voltage Reference (Section 14.0 “Comparator
Voltage Reference Module”) can also be an input to
the comparators.

REGISTER 13-1: CMCON: COMPARATOR MODULE CONTROL REGISTER (ADDRESS 9Ch)

R-0 R-0 RW-0  RW-0  RW-0 RW-1 RW1 RMW1
C20UT | c1ouT | caiNnv | ClINv cs | cm2 | cM1 | cmo |
bit 7 bit 0
bit 7 C20UT: Comparator 2 Output bit

When C2INV = 0:
1 =C2 VIN+ > C2 VIN-
0 =C2 VIN+ < C2 VIN-
When C2INV = 1:
1 =C2 VIN+ < C2 VIN-
0 = C2 VIN+ > C2 VIN-
bit 6 C1OUT: Comparator 1 Output bit
When C1INV = 0:
1 =C1 VIN+ > C1 VIN-
0 = C1 VIN+ < C1 VIN-
When C1INV = 1:
1 =C1 VIN+ < C1 VIN-
0 = C1 VIN+ > C1 VIN-
bit 5 C2INV: Comparator 2 Output Inversion bit

1 = C2 output inverted
0 = C2 output not inverted
bit 4 C1INV: Comparator 1 Output Inversion bit
1 = C1 output inverted
0 = C1 output not inverted
bit 3 CIS: Comparator Input Switch bit
When CM2:CMOQO = 001:
1 = C1 VIN- connects to RA3
0 = C1 VIN- connects to RAO
When CM2:CM0 = 010:
1 = C1 VIN- connects to RA3
C2 VIN- connects to RA2
0 = C1 VIN- connects to RAO
C2 VIN- connects to RA1

bit 2-0 CM<2:0>: Comparator Mode bits

Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bitis cleared X = Bit is unknown
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There are eight modes of operation for the compara-
tors. The CMCON register is used to select these
modes. Figure 13-1 shows the eight possible modes.
The TRISA register controls the data direction of the
comparator pins for each mode. If the Comparator
mode is changed, the comparator output level may not
be valid for the specified mode change delay shown in
Section 18.0 “Electrical Characteristics”.

Comparator Configuration

FIGURE 13-1:

Comparators Reset
CM2:CMO0 =000

RAO/ANO —A—— VIN- 1 °
RA3/AN3/ _A VN | C1 Off (Read as ‘0)
RAL/ANT —A— V- |
RA2/AN2/ A it | C2 Off (Read as ‘0)

COMPARATOR I/O OPERATING MODES

Note:  Cpmparator interrupts should be disabled
dgring a Comparator
otherwise, a false interrupt may occur.

mode change;

Comparators Of]
CM2:CMO0 =111

RAO/ANO 2| - {
RA3/AN3/_D_J JVin+
RATANL 2| ¢V |-
RA2/AN2/_D_J [Vin+

Cl

Cc2

(POR Default Value)

Off (Read as ‘0’)

Off (Read as ‘0’)

Two Independent Comparators
CM2:CMO =100

RAO/ANO —A VN | =
RA3/AN3/ _A VIN+ n C1 C10UT
RAL/ANL A VN |7
RA2/AN2/ _A VIN+ n c2 C20UT

Four Inputs Mul
CM2:CMO0 =010

A
RAO/ANO =4 cis=0  vm-
RA3/AN3/_A X " cis=1
VIN+
RAL/ANL —2
CIS=o0 VIN-
RA2/AN2/ _A X " cis=1
VIN+

plexed to Two Comparators

C1 CciouT

Cc2 c20uT

From VREF Module

Two Common Reference Comparators
CM2:CMO0 =011

RAO/ANO -2

RA3/AN3/ _D

Two Commo

VIN- [
LI vint |, C1
RAL/ANT -2 1 ViN- |
RA2/AN2/ _A vint |, C2
RA4/TOCKI/C20T

nce Comparators with Outputs

ClouT

c20uT

Three Inputs M
CM2:CMO0 = 001

A
RAO/ANO ) i
i VIN+
RAL/ANL -2 ViN-
RA2/AN2/ A VIN+

tiplexed to Two Comparators

C1 CiouT

Cc2 Cc20uUT

e Comparator Input Switch.

0487C-page 122

© 2005 Microchip Technology Inc.




PIC16F87/88

13.2 Comparator Operation

A single comparator is shown in Figure 13-2, 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 13-2 represent
the uncertainty due to input offsets and response time.

13.3 Comparator Reference

An external or internal reference signal may be used
depending on the comparator operating mode. The
analog signal present at VIN- is compared to the signal
at VIN+ and the digital output of the comparator is
adjusted accordingly (Figure 13-2).

FIGURE 13-2: SINGLE COMPARATOR
VIN+
Output
VIN-

13.3.1 EXTERNAL REFERENCE SIGNAL

When external voltage references are used, the
comparator module can be configured to have the com-
parators operate from the same, or different reference
sources. However, threshold detector applications may
require the same reference. The reference signal must
be between Vss and VDD and can be applied to either
pin of the comparator(s).

13.3.2 INTERNAL REFERENCE SIGNAL

The comparator module also allows the selection of an
internally generated voltage reference for the
comparators. Section 14.0 “Comparator Voltage
Reference Module” contains a detailed description of
the Comparator Voltage Reference module that
provides this signal. The internal reference signal is
used when comparators are in mode CM<2:0> =010
(Figure 13-1). In this mode, the internal voltage
reference is applied to the VIN+ pin of both
comparators.

13.4 Comparator Response Time

Response time is the minimum time, after selecting a
new reference voltage or input source, before the
comparator output has a valid level. If the internal
reference is changed, the maximum delay of the inter-
nal voltage reference must be considered when using
the comparator outputs. Otherwise, the maximum
delay of the comparators should be used (Section 18.0
“Electrical Characteristics”).

13.5 Comparator Outputs

The comparator outputs are read through the CMCON
register. These bits are read-only. The comparator
outputs may also be directly output to the RA3 and RA4
I/0O pins. When enabled, multiplexors in the output path
of the RA3 and RA4 pins will switch and the output of
each pin will be the unsynchronized output of the com-
parator. The uncertainty of each of the comparators is
related to the input offset voltage and the response time
given in the specifications. Figure 13-3 shows the
comparator output block diagram.

The TRISA bits will still function as an output enable/
disable for the RA3 and RA4 pins while in this mode.

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

Note 1: When reading the Port register, all pins
configured as analog inputs will read as
‘0’. Pins configured as digital inputs will
convert an analog input, according to the
Schmitt Trigger input specification.

2: Analog levels, on any pin defined as a
digital input, may cause the input buffer to

consume more current than is specified.

© 2005 Microchip Technology Inc.
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FIGURE 13-3:

COMPARATOR OUTPUT BLOCK DIAGRAM

Port Pins

\%

CnINV
To Data Bus | D
. | 4@
RD_CMCON
Set CMIF bit ( Q D
EN Q3 *RD_CMCON
CL
From other Comparator RESET

13.6 Comparator Interrupts

The comparator interrupt flag is set whenever there is
a change in the output value of either comparator.
Software will need to maintain information about the
status of the output bits, as read from CMCON<7:6>, to
determine the actual change that occurred. The CMIF
bit (PIR2 register) is the Comparator Interrupt Flag. The
CMIF bit must be reset by clearing it (‘0"). Since it is
also possible to write a ‘1’ to this register, a simulated
interrupt may be initiated.

The CMIE bit (PIE2 register) and the PEIE bit INTCON
register) must be set to enable the interrupt. In addition,
the GIE bit must also be set. If any of these bits are
clear, the interrupt is not enabled, though the CMIF bit
will still be set if an interrupt condition occurs.

Note: If a change in the CMCON register
(C10UT or C20UT) should occur when a
read operation is being executed (start of
the Q2 cycle), then the CMIF (PIR2
register) interrupt flag may not get set.

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

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

b) Clear flag bit CMIF.

A mismatch condition will continue to set flag bit CMIF.

Reading CMCON will end the mismatch condition and
allow flag bit CMIF to be cleared.
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13.7 Comparator Operation During
Sleep

When a comparator is active and the device is placed
in Sleep mode, the comparator remains active and the
interrupt is functional, if enabled. This interrupt will
wake-up the device from Sleep mode when enabled.
While the comparator is powered up, higher Sleep
currents than shown in the power-down current
specification will occur. Each operational comparator
will consume additional current, as shown in the com-
parator specifications. To minimize power consumption
while in Sleep mode, turn off the comparators,
CM<2:0> =111, before entering Sleep. If the device
wakes up from Sleep, the contents of the CMCON
register are not affected.

13.8 Effects of a Reset

A device Reset forces the CMCON register to its Reset
state, causing the comparator module to be in the
Comparator Off mode, CM<2:0> = 111.

FIGURE 13-4: ANALOG INPUT MODEL

13.9 Analog Input Connection
Considerations

A simplified circuit for an analog input is shown in
Figure 13-4. 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 condition 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 current.

VDD

VT =0.6V RIC

ILEAKAGE
+500 nA

Legend: CPIN
\a) = Threshold Voltage
Leakage Current at the pin due to various junctions

VT =0.6V #
I

Input Capacitance

ILEAKAGE =

Ric = Interconnect Resistance
Rs = Source Impedance

VA = Analog Voltage

Vss
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TABLE 13-1: REGISTERS ASSOCIATED WITH THE COMPARATOR MODULE
Value on Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR all other
Resets
9Ch CMCON C20UT | C10UT | C2INV | C1INV CIs CM2 CM1 CMO | 0000 0111|0000 0111
9Dh CVRCON |CVREN | CVROE | CVRR — CVR3 | CVR2 | CVR1 | CVRO |000- 0000|000- 0000
0Bh, 8Bh, [INTCON GIE PEIE | TMROIE | INTOIE | RBIE |TMROIF| INTOIF | RBIF [0000 000x|0000 000u
10Bh, 18Bh
0Dh PIR2 OSFIF | CMIF — EEIF — — — — 00-0 ----]00-0 ----
8Dh PIE2 OSFIE | CMIE — EEIE — — — — 00-0 ----]00-0 ----
05h PORTA RA7 RAG RA5 RA4 RA3 RA2 RA1 RAO
(PIC16F87) xxxx 0000 |uuuu 0000
(PIC16F88) xxx0 0000 |uuu0 0000
85h TRISA TRISA7 | TRISA6 | TRISA5M) | TRISA4 | TRISA3 | TRISA2 | TRISAL | TRISAO | 1111 1111|1111 1111
Legend: x =unknown, u = unchanged, - = unimplemented, read as ‘0’. Shaded cells are not used by the comparator module.

Note 1:

Pin 5 is an input only; the state of the TRISAS5 bit has no effect and will always read ‘1’.
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14.0 COMPARATOR VOLTAGE
REFERENCE MODULE

The comparator voltage reference generator is a 16-tap
resistor ladder network that provides a fixed voltage
reference when the comparators are in mode ‘010’. A
programmable register controls the function of the refer-
ence generator. Register 14-1 lists the bit functions of
the CVRCON register.

As shown in Figure 14-1, the resistor ladder is seg-
mented to provide two ranges of CVREF values and has
a power-down function to conserve power when the
reference is not being used. The comparator reference

supply voltage (also referred to as CVRSRC) comes
directly from VDD. It should be noted, however, that the
voltage at the top of the ladder is CVRSRC — VSAT,
where VSAT is the saturation voltage of the power
switch transistor. This reference will only be as
accurate as the values of CVRSRC and VSAT.

The output of the reference generator may be
connected to the RA2/AN2/CVREF/VREF- pin (VREF- is
available on the PIC16F88 device only). This can be
used as a simple D/A function by the user if a very high-
impedance load is used. The primary purpose of this
function is to provide a test path for testing the
reference generator function.

REGISTER 14-1: CVRCON: COMPARATOR VOLTAGE REFERENCE CONTROL REGISTER

(ADDRESS 9Dh)

RW-0  RW-0  RMW-0 U-0 RW-0 RW-0 RMW-0  RMWO
| CVREN | CVROE | CVRR — CVR3 | CVR2 | CVRL | CVRO
bit 7 bit 0

bit 7 CVREN: Comparator Voltage Reference Enable bit

1 = CVREF circuit powered on
0 = CVREF circuit powered down

bit 6 CVROE: Comparator VREF Output Enable bit

1 = CVREF voltage level is output on the RA2/AN2/CVREF/VREF- pin®)

0 = CVREF voltage level is disconnected from the RA2/AN2/CVREF/VREF- pin(l)
bit 5 CVRR: Comparator VREF Range Selection bit(})

1 = 0.00 CVRSRC to 0.625 CVRSRC with CVRSRC/24 step size
0 = 0.25 CVRSRC to 0.72 CVRsRC with CVRSRC/32 step size

bit 4 Unimplemented: Read as ‘0’

bit 3-0 CVR<3:0>: Comparator VREF Value Selection 0 < VR3:VRO < 15 bits(H)

When CVRR = 1:

CVREF = (VR<3:0>/24) ¢ (CVRSRC)

When CVRR = 0:

CVREF = 1/4 ¢ (CVRSRC) + (VR3:VR0/32) e (CVRSRC)
Note 1: VREF is available on the PIC16F88 device only.

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
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FIGURE 