Microchip Technology - PIC16F8 -20/PQ Datasheet

Details

Product Status

Core Processor

Core Size

Speed

Connectivity

Peripherals

Number of I/O

Program Memory Size
Program Memory Type
EEPROM Size

RAM Size

Voltage - Supply (Vcc/Vdd)
Data Converters
Oscillator Type
Operating Temperature
Mounting Type

Package / Case

Supplier Device Package

Purchase URL

Email: info@E-XFL.COM

Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Active

PIC

8-Bit

20MHz

12C, SPI, UART/USART
Brown-out Detect/Reset, POR, PWM, WDT
33

7KB (4K x 14)

FLASH

128 x 8

192 x 8

4V ~ 5.5V

A/D 8x10b

External

0°C ~ 70°C (TA)
Surface Mount
44-QFP

44-MQFP (10x10)

https://www.e-xfl.com/product-detail/microchip-technology/pic16f874t-20-pq

Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong



https://www.e-xfl.com/product/pdf/pic16f874t-20-pq-4424876
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers

PIC16F87X

1.0 DEVICE OVERVIEW

This document contains device specific information.
Additional information may be found in the PIC® MCU
Mid-Range Reference Manual (DS33023), which may
be obtained from your local Microchip Sales Represen-
tative or downloaded from the Microchip website. The
Reference Manual should be considered a complemen-
tary document to this data sheet, and is highly recom-
mended reading for a better understanding of the device
architecture and operation of the peripheral modules.

There are four devices (PIC16F873, PIC16F874,
PIC16F876 and PIC16F877) covered by this data
sheet. The PIC16F876/873 devices come in 28-pin
packages and the PIC16F877/874 devices come in
40-pin packages. The Parallel Slave Port is not
implemented on the 28-pin devices.

The following device block diagrams are sorted by pin
number; 28-pin for Figure 1-1 and 40-pin for Figure 1-2.
The 28-pin and 40-pin pinouts are listed in Table 1-1
and Table 1-2, respectively.

FIGURE 1-1: PIC16F873 AND PIC16F876 BLOCK DIAGRAM
. Program Data
Device FLASH Data Memory EEPROM
PIC16F873 4K 192 Bytes 128 Bytes
PIC16F876 8K 368 Bytes 256 Bytes
13 Data Bus 8 PORTA
</ Program Counter <
FLASH RA1/AN1
Program RA2/AN2/VREF-
Memory RAM Ty 4—[X] RA3/AN3/VREF+
8 Level Stack File
13.bit K RA4/TOCKI
(1s-biy Registers RA5/AN4/SS
Program
Bus 14 RAM Addr(®) PORTE
RBO/INT
Instruction reg RB1
f 7 Indirect RB2
‘ Direct Addr Addr RB3/PGM
4 RB4
RB5
RB6/PGC
RB7/PGD
8
PORTC
RCO/T10SO/T1CKI
Power-up RC1/T10SI/CCP2
Timer RC2/CCP1
Instruction Oscillator RC3/SCK/SCL
Decode & Start-up Timer RC4/SDI/SDA
Control Power-on RC5/SDO
Reset RC6/TX/CK
Timing Watchdog RC7/RX/IDT
|X|<::|'> Generation P Timer
OSC1/CLKIN Brown-out
OSC2/CLKOUT Reset
In-Circuit
Debugger
Low Voltage
Programming
MCLR VDD, Vss
Timer0 Timerl Timer2 10-bit A/D
Synchronous
Data EEPROM CCP1,2 Serial Port USART
Note 1: Higher order bits are from the STATUS register.
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FIGURE 1-2: PIC16F874 AND PIC16F877 BLOCK DIAGRAM
. Program Data
Device Data Memor
FLASH Y1 EEPROM
PIC16F874 4K 192 Bytes 128 Bytes
PIC16F877 8K 368 Bytes 256 Bytes
3 S . Datasus 8 PORTA
Program RA1/AN1
Memory RAM - RA2/AN2/VREF-
8 Level Stack Fil Y s RA3/AN3/VREF+
(13-bit) Re ilset}ers RA4/TOCKI
g RAS/AN4/SS
Program
Bus RAM Addr® %) 9 PORTS
dd RBO/INT
Instruction reg Addr MUX RB1
[— RB2
H Direct Addr 7 ; RB3/PGM
RB4
RB5
RB6/PGC
RB7/PGD
8
PORTC
RCO/T10SO/T1CKI
Power-up 3 RC1/T10SI/CCP2
Timer RC2/CCP1
Instruction Oscillator — RCS/SCK/SCL
Decode & [<;— > | Start-up Timer RC4/SDI/SDA
ALU RC5/SDO
Control P
ower-on 8 L | RCBITX/CK
ese RC7/RX/DT
Timing Watchdog
|X|<;:l> Generation <= Timer PORTD
OSC1/CLKIN Brown-out RDO/PSPO
OSC2/CLKOUT Reset b RD1/PSP1
In-Circuit N RD2/PSP2
Debugger ! N RD3/PSP3
1
LOW-VOItage | RD4/PSP4
Programming Parallel Slave Port <, B RDS/PSPS5
| RD6/PSP6
< RD7/PSP7
PORTE
MCLR VDD, Vss IX] REO/ANS/RD
— X REVANB/WR
X RE2/AN7/CS
Timer0 Timerl Timer2 10-bit A/ID

TF it it it
; & U U

Synchronous
Serial Port

Data EEPROM CCP1,2 USART

Note 1: Higher order bits are from the STATUS register.

DS30292D-page 6 © 1998-2013 Microchip Technology Inc.



PIC16F87X

TABLE 1-2: PIC16F874 AND PIC16F877 PINOUT DESCRIPTION
. DIP PLCC QFP | l/OIP Buffer o
Pin Name Pint Pint Pin# | Type Type Description
OSC1/CLKIN 13 14 30 | STICMOS® | Oscillator crystal input/external clock source input.
OSC2/CLKOUT 14 15 31 O — Oscillator crystal output. Connects to crystal or resonator
in crystal oscillator mode. In RC mode, OSC2 pin outputs
CLKOUT which has 1/4 the frequency of OSC1, and
denotes the instruction cycle rate.
MCLR/VPP 1 2 18 P ST Master Clear (Reset) input or programming voltage input.
This pin is an active low RESET to the device.
PORTA is a bi-directional 1/0 port.
RAO/ANO 3 19 1/0 TTL RAO can also be analog inputO.
RA1/AN1 20 /0 TTL RA1 can also be analog inputl.
RA2/AN2/VREF- 5 21 110 TTL RAZ2 can also be analog input2 or negative
analog reference voltage.
RA3/AN3/VREF+ 5 6 22 110 TTL RA3 can also be analog input3 or positive
analog reference voltage.
RA4/TOCKI 6 7 23 I/0 ST RA4 can also be the clock input to the TimerO timer/
counter. Output is open drain type.
RA5/SS/AN4 7 8 24 110 TTL RAS can also be analog input4 or the slave select for
the synchronous serial port.
PORTB is a bi-directional I/O port. PORTB can be soft-
ware programmed for internal weak pull-up on all inputs.
RBO/INT 33 36 110 TTLSTD RBO can also be the external interrupt pin.
RB1 34 37 110 TTL
RB2 35 38 10 110 TTL
RB3/PGM 36 39 11 1/0 TTL RB3 can also be the low voltage programming input.
RB4 37 41 14 I/0 TTL Interrupt-on-change pin.
RB5 38 42 15 I/0 TTL Interrupt-on-change pin.
RB6/PGC 39 43 16 110 TTL/ST® Interrupt-on-change pin or In-Circuit Debugger pin.
Serial programming clock.
RB7/PGD 40 44 17 110 TTLST® Interrupt-on-change pin or In-Circuit Debugger pin.
Serial programming data.
Legend: |=input O = output 1/0 = 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 an 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 as general purpose 1/0 and a TTL input when used in the Parallel
Slave Port mode (for interfacing to a microprocessor bus).
4: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.
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22.2.8 PCON Register

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

Note:

BOR is unknown on POR. It must 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 predictable if
the brown-out circuit is disabled (by clear-
ing the BODEN bit in the configuration
word).

REGISTER 2-8: PCON REGISTER (ADDRESS 8Eh)
u-0 u-0 uU-0 u-0 u-0 R/W-0 R/W-1
- | = | = | — — POR BOR
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

© 1998-2013 Microchip Technology Inc.
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50 TIMERO MODULE Counter mode is selected by setting bit TOCS

(OPTION_REG<5>). In Counter mode, Timer0 will
The Timer0 module timer/counter has the following fea- increment either on every rising, or falling edge of pin
tures: RA4/TOCKI. The incrementing edge is determined by
« 8-bit timer/counter the Timer0 Source Edge Select bit, TOSE

(OPTION_REG<4>). Clearing bit TOSE selects the ris-
ing edge. Restrictions on the external clock input are
discussed in detail in Section 5.2.

* 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

The prescaler is mutually exclusively shared between
the Timer0 module and the Watchdog Timer. The pres-
caler is not readable or writable. Section 5.3 details the
Figure 5-1 is a block diagram of the Timer0 module and operation of the prescaler.

the prescaler shared with the WDT.

Additional information on the Timer0 module is avail- 51 Timer0 Interrupt

able in the PIC® MCU Mid-Range Family Reference The TMRO interrupt is generated when the TMRO reg-
Manual (DS33023). ister overflows from FFh to 00h. This overflow sets bit
Timer mode is selected by clearing bit TOCS TOIF (INTCON<2>). The interrupt can be masked by
(OPT'ON_REG<5>) In Timer mOde, the Timer0O mod- clearing. bit TOIE (lNTCON<5>) Bit TOIF must be
ule will increment every instruction cycle (without pres- cleared in software by the Timer0 module Interrupt Ser-
caler). If the TMRO register is written, the increment is vice Routine before re-enabling this interrupt. The
inhibited for the following two instruction cycles. The TMRO interrupt cannot awaken the processor from
user can work around this by writing an adjusted value SLEEP, since the timer is shut-off during SLEEP.

to the TMRO register.

FIGURE 5-1: BLOCK DIAGRAM OF THE TIMERO/WDT PRESCALER
CLKOUT (= Fosc/4) Data Bus
A 8
RA4/TOCKI v M SYNC
pin 1 0 U > 2 TMRO Reg
X Cycles
TOSE T f
TOCS .
PSA Set Flag Bit TOIF
on Overflow
PRESCALER
r— - - — — — — — — — — q
0 M I > 8-bit Prescaler |
I |
U
Watchdog 1 X | 8 |
Timer | |
T | 8 - to - IMUX -—— PS2:PSO |
T PSA P |
0 ‘ 1

WDT Enable bit

MUX |«—— PSA

wWDT
Time-out

Note: TOCS, TOSE, PSA, PS2:PS0 are (OPTION_REG<5:0>).
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7.0 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 CCP module(s). The TMR2 reg-
ister 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 TMR2ON
(T2CON<2>), to minimize power consumption.

Register 7-1 shows the Timer2 control register.
Additional information on timer modules is available in
the PIC® MCU Mid-Range Family Reference Manual
(DS33023).

FIGURE 7-1: TIMER2 BLOCK DIAGRAM

Sets Flag
bit TMR2IF | Qe

RESET Prescaler
TMR2 Re —
111, 1.4, 1:16| OS¢/
Postscaler /I/Z
11 to 1:16| EQ
T2CKPS1:
4 T2CKPSO
T20UTPSS:
T20UTPSO

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

REGISTER 7-1: 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| TMR20ON | T2CKPSL | T2CKPSO
bit 7 bit 0
bit 7 Unimplemented: Read as 'O’
bit 6-3 TOUTPS3:TOUTPSO: Timer2 Output Postscale Select bits

0000 = 1:1 Postscale
0001 = 1:2 Postscale
0010 = 1:3 Postscale

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

1 =Timer2 is on
0 = Timer2 is off

bit 1-0 T2CKPS1:T2CKPSO0: Timer2 Clock Prescale Select bits

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

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

W = Writable bit
"1’ = Bit is set

U = Unimplemented bit, read as ‘0’

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

© 1998-2013 Microchip Technology Inc.
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9.1.2 SLAVE MODE

In Slave mode, the data is transmitted and received as
the external clock pulses appear on SCK. When the last
bit is latched, the interrupt flag bit SSPIF (PIR1<3>) is set.

While in Slave mode, the external clock is supplied by
the external clock source on the SCK pin. This external
clock must meet the minimum high and low times as
specified in the electrical specifications.

While in SLEEP mode, the slave can transmit/receive
data. When a byte is received, the device will wake-up
from SLEEP.

Note 1: When the SPI module is 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 SS pin control must be
enabled.

FIGURE 9-3: SPI MODE TIMING (SLAVE MODE WITH CKE = 0)
§(optional) “ |/
SCK (CKP = 0) L L) I e I R
SCK (CKP = 1) '
L L N
SDO bit7 X bt X b5 { b4 X b3 { bz X b X bio
SDI (SMP = 0) : O e e e W NP N Nve
bit7 bit0
SSPIF
FIGURE 9-4: SPI MODE TIMING (SLAVE MODE WITH CKE =1)

SS j

soceo-o [ 1 [ L]

SCK (CKP = 1)

bit7

SSPIF

SDO — (b Y bwe Y bis Y bie Y bis X b2 Y b Y bio
D i i G S G i G S g S G S

bit0

—
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Connection Considerations for
12C Bus

For standard-mode 12C bus devices, the values of
resistors R, and Rg in Figure 9-27 depend on the fol-
lowing parameters:

9.3

» Supply voltage

» Bus capacitance

« Number of connected devices
(input current + leakage current)

The supply voltage limits the minimum value of resistor
Rp, due to the specified minimum sink current of 3 mA at
VoL max = 0.4V, for the specified output stages. For

FIGURE 9-27:

example, with a supply voltage of VDD = 5V+10% and
VoL max=0.4V at3 mA, R, min = (5.5-0.4)/0.003 = 1.7 kQ.
VDD as a function of Ry, is shown in Figure 9-27. The
desired noise margin of 0.1VDD for the low level limits
the maximum value of Rg. Series resistors are optional
and used to improve ESD susceptibility.

The bus capacitance is the total capacitance of wire,
connections, and pins. This capacitance limits the max-
imum value of R, due to the specified rise time
(Figure 9-27).

The SMP bit is the slew rate control enabled bit. This bit
is in the SSPSTAT register, and controls the slew rate
of the I/O pins when in I2C mode (master or slave).

SAMPLE DEVICE CONFIGURATION FOR I°C BUS

VDD + 10%

SDA

DEVICE

SCL

connected.

Note: I2C devices with input levels related to VDD must have one common supply line to which the pull-up resistor is also

% JT» C,=10 - 400 pF

DS30292D-page 94
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10.0 ADDRESSABLE UNIVERSAL
SYNCHRONOUS
ASYNCHRONOUS RECEIVER
TRANSMITTER (USART)

The Universal Synchronous Asynchronous Receiver
Transmitter (USART) module is one of the two serial
I/O modules. (USART is also known as a Serial Com-
munications Interface or SCI.) The USART can be con-
figured as a full duplex asynchronous system that can
communicate with peripheral devices such as CRT ter-
minals and personal computers, or it can be configured
as a half duplex synchronous system that can commu-
nicate with peripheral devices such as A/D or D/A inte-
grated circuits, serial EEPROMs etc.

REGISTER 10-1:

The USART can be configured in the following modes:

» Asynchronous (full duplex)

» Synchronous - Master (half duplex)

» Synchronous - Slave (half duplex)

Bit SPEN (RCSTA<7>) and bits TRISC<7:6> have to
be set in order to configure pins RC6/TX/CK and

RC7/RX/DT as the Universal Synchronous Asynchro-
nous Receiver Transmitter.

The USART module also has a multi-processor com-
munication 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 u-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: USART Mode Select bit
1 = Synchronous mode
0 = Asynchronous mode

bit 3 Unimplemented: Read as 'O’

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’ = Bit is cleared

X = Bit is unknown

© 1998-2013 Microchip Technology Inc.
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10.2 USART Asynchronous Mode

In this mode, the USART 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 gener-
ator can be used to derive standard baud rate frequen-
cies from the oscillator. The USART 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 USART Asynchronous module consists of the fol-
lowing important elements:

« Baud Rate Generator

» Sampling Circuit

« Asynchronous Transmitter
« Asynchronous Receiver

10.2.1 USART ASYNCHRONOUS
TRANSMITTER

The USART transmitter block diagram is shown in
Figure 10-1. The heart of the transmitter is the transmit
(serial) shift register (TSR). The shift register obtains its
data from the read/write transmit buffer, 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

FIGURE 10-1:

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 soft-
ware. 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 reg-
ister 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 10-2). 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 10-3).
Clearing enable bit TXEN during a transmission will
cause the transmission to be aborted and will reset the
transmitter. As a result, the RC6/TX/CK pin will revert
to hi-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 reg-
ister. This is because a data write to the TXREG regis-
ter 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.

USART TRANSMIT BLOCK DIAGRAM

f Data Bus

TXREG Register

Pin Buffer
and Control

RC6/TX/CK pin

| SPEN|

© 1998-2013 Microchip Technology Inc.
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11.2 Selecting the A/D Conversion

Clock

The A/D conversion time per bit is defined as TaD. The
A/D conversion requires a minimum 12TAD per 10-bit
conversion. The source of the A/D conversion clock is
software selected. The four possible options for TAD
are:

» 2Tosc

» 8Tosc

* 32Tosc

* Internal A/D module RC oscillator (2-6 us)

For correct A/D conversions, the A/D conversion clock
(TAaD) must be selected to ensure a minimum TAD time
of 1.6 us.

Table 11-1 shows the resultant TAD times derived from
the device operating frequencies and the A/D clock
source selected.

TABLE 11-1: Tabvs. MAXIMUM DEVICE OPERATING FREQUENCIES (STANDARD DEVICES (C))
AD Clock Source (TAD) Maximum Device Frequency
Operation ADCS1:ADCSO0 Max.
2Tosc 00 1.25 MHz
8Tosc 01 5 MHz
32Tosc 10 20 MHz
Rc(®:2.3) 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 recom-

mended for SLEEP operation.

3: For extended voltage devices (LC), please refer to the Electrical Characteristics (Sections 15.1 and 15.2).

11.3

The ADCONL1 and TRIS 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.

Configuring Analog Port Pins

The A/D operation is independent of the state of the
CHS2:CHSO bits and the TRIS bits.

Note 1: When reading the port register, any pin
configured as an analog input channel will
read as cleared (a low level). Pins config-
ured as digital inputs will convert an ana-
log input. Analog levels on a digitally
configured input will not affect the conver-
sion accuracy.

2: Analog levels on any pin that is defined as
a digital input (including the AN7:ANO
pins), may cause the input buffer to con-
sume current that is out of the device
specifications.

© 1998-2013 Microchip Technology Inc.
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NOTES:

DS30292D-page 118 © 1998-2013 Microchip Technology Inc.



PIC16F87X

TABLE 12-4: STATUS BITS AND THEIR SIGNIFICANCE

P TO

Py

B

Py

Power-on Reset

lllegal, TO is set on POR

lllegal, PD is set on POR

Brown-out Reset

WDT Reset

WDT Wake-up

1
0
X
1
0
0
u

MCLR Reset during normal operation

RlRr|Rr|Rr|RPr|o|o|o]|l O

RlrRr|R|R|[o[X[X|IX]|] O

1

MCLR Reset during SLEEP or interrupt wake-up from SLEEP

Legend: x = don't care, u = unchanged

TABLE 12-5: RESET CONDITION FOR SPECIAL REGISTERS

Condition Program STA_TUS PCQN

Counter Register Register
Power-on Reset 000h 0001 1xxx | ---- -- 0x
MCLR Reset during normal operation 000h 000u uuuu |  ---- -- uu
MCLR Reset during SLEEP 000h 0001 Ouuu | ---- -- uu
WDT Reset 000h 0000 luuu | = ---- -- uu
WDT Wake-up PC+1 uuu0 Ouuu | ---- -- uu
Brown-out Reset 000h 0001 luuu | ---- -- uo
Interrupt wake-up from SLEEP PC +1W uwuul Ouuu | 0 —--- -- uu
Legend: u = unchanged, x = unknown, - = unimplemented bit, read as '0'

Note 1: When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector

(0004h).
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TABLE 12-6:  INITIALIZATION CONDITIONS FOR ALL REGISTERS

Register Devices Power-on Reset, MCLR Resets, Wake-up via WDT or
Brown-out Reset WDT Reset Interrupt
W 873 | 874 | 876 | 877 XXXK XXXX uuuu uuuu uuuu uuuu
INDF 873 | 874 | 876 | 877 N/A N/A N/A
TMRO 873 | 874 | 876 | 877 XXXX XXXX uuuu uuuu uuuu uuuu
PCL 873 | 874 | 876 | 877 0000h 0000h pc + 10
STATUS 873 | 874 | 876 | 877 0001 1xxx 000g quuu(3) uuug quuu(3)
FSR 873 | 874 | 876 | 877 XXXK XXXX uuuu uuuu uuuu uuuu
PORTA 873 | 874 | 876 | 877 --0x 0000 --0u 0000 --uu uuuu
PORTB 873 | 874 | 876 | 877 XXXK XXXX uuuu uuuu uuuu uuuu
PORTC 873 | 874 | 876 | 877 XXXX XXXX uuuu uuuu uuuu uuuu
PORTD 873 | 874 | 876 | 877 XXXX XXXX uuuu uuuu uuuu uuuu
PORTE 873 | 874 | 876 | 877 ---- -XXX ---- -uuu ---- -uuu
PCLATH 873 | 874 | 876 | 877 ---0 0000 ---0 0000 ---u uuuu
INTCON 873 | 874 | 876 | 877 0000 000x 0000 000u uuuu uuuu®
PIR1 873 | 874 | 876 | 877 r000 0000 r000 0000 ruuu uuuu®
873 | 874 | 876 | 877 0000 0000 0000 0000 uuuu uuuu®
PIR2 873 | 874 | 876 | 877 -r-0 0--0 -r-0 0--0 -r-u u--u®
TMR1L 873 | 874 | 876 | 877 XXXX XXXX uuuu uuuu uuuu uuuu
TMR1H 873 | 874 | 876 | 877 XXXK XXXX uuuu uuuu uuuu uuuu
T1CON 873 | 874 | 876 | 877 --00 0000 --uu uuuu --uu uuuu
TMR2 873 | 874 | 876 | 877 0000 0000 0000 0000 uuuu uuuu
T2CON 873 | 874 | 876 | 877 -000 0000 -000 0000 -uuu uuuu
SSPBUF 873 | 874 | 876 | 877 XXXX XXXX uuuu uuuu uuuu uuuu
SSPCON 873 | 874 | 876 | 877 0000 0000 0000 0000 uuuu uuuu
CCPRI1L 873 | 874 | 876 | 877 XXXK XXXX uuuu uuuu uuuu uuuu
CCPR1H 873 | 874 | 876 | 877 XXXK XXXX uuuu uuuu uuuu uuuu
CCP1CON 873 | 874 | 876 | 877 --00 0000 --00 0000 --uu uuuu
RCSTA 873 | 874 | 876 | 877 0000 000x 0000 000x uuuu uuuu
TXREG 873 | 874 | 876 | 877 0000 0000 0000 0000 uuuu uuuu
RCREG 873 | 874 | 876 | 877 0000 0000 0000 0000 uuuu uuuu
CCPR2L 873 | 874 | 876 | 877 XXXK XXXX uuuu uuuu uuuu uuuu
CCPR2H 873 | 874 | 876 | 877 XXXK XXXX uuuu uuuu uuuu uuuu
CCP2CON 873 | 874 | 876 | 877 0000 0000 0000 0000 uuuu uuuu
ADRESH 873 | 874 | 876 | 877 XXXX XXXX uuuu uuuu uuuu uuuu
ADCONO 873 | 874 | 876 | 877 0000 00-0 0000 00-0 uuuu uu-u
OPTION_REG 873 | 874 | 876 | 877 1111 1111 1111 1111 uuuu uuuu
TRISA 873 | 874 | 876 | 877 --11 1111 --11 1111 --uu uuuu
TRISB 873 | 874 | 876 | 877 1111 1111 1111 1111 uuuu uuuu
TRISC 873 | 874 | 876 | 877 1111 1111 1111 1111 uuuu uuuu
TRISD 873 | 874 | 876 | 877 1111 1111 1111 1111 uuuu uuuu
TRISE 873 | 874 | 876 | 877 0000 -111 0000 -111 uuuu -uuu
PIEL 873 | 874 | 876 | 877 r000 0000 r000 0000 ruuu uuuu
873 | 874 | 876 | 877 0000 0000 0000 0000 uuuu uuuu
Legend: u =unchanged, x = unknown, - = unimplemented bit, read as '0', g = value depends on condition,

r = reserved, maintain clear
Note 1: One or more bits in INTCON, PIR1 and/or PIR2 will be affected (to cause wake-up).
2: When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector
(0004h).
3: See Table 12-5 for RESET value for specific condition.
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12.10

The PIC16F87X family has up to 14 sources of inter-
rupt. The interrupt control register (INTCON) records
individual interrupt requests in flag bits. It also has indi-
vidual and global interrupt enable bits.

Interrupts

Note: Individual interrupt flag bits are set, regard-
less of the status of their corresponding

mask bit, or the GIE bit.

A global interrupt enable bit, GIE (INTCON<7>)
enables (if set) all unmasked interrupts, or disables (if
cleared) all interrupts. When bit GIE is enabled, and an
interrupt’s flag bit and mask bit are set, the interrupt will
vector immediately. Individual interrupts can be dis-
abled through their corresponding enable bits in vari-
ous registers. Individual interrupt bits are set,
regardless of the status of the GIE bit. The GIE bit is
cleared on RESET.

The “return from interrupt” instruction, RETFIE, exits
the interrupt routine, as well as sets the GIE bit, which
re-enables interrupts.

The RBO/INT pin interrupt, the RB port change inter-
rupt, and the TMRO overflow interrupt flags are con-
tained in the INTCON register.

The peripheral interrupt flags are contained in the spe-
cial function registers, PIR1 and PIR2. The correspond-
ing interrupt enable bits are contained in special
function registers, PIE1 and PIE2, and the peripheral
interrupt enable bit is contained in special function reg-
ister INTCON.

When an interrupt is responded to, the GIE bit is
cleared to disable any further interrupt, the return
address is pushed onto the stack and the PC is loaded
with 0004h. Once in the Interrupt Service Routine, the
source(s) of the interrupt can be determined by polling
the interrupt flag bits. The interrupt flag bit(s) must be
cleared in software before re-enabling interrupts to
avoid recursive interrupts.

For external interrupt events, such as the INT pin or
PORTB change interrupt, the interrupt latency will be
three or four instruction cycles. The exact latency
depends when the interrupt event occurs. The latency
is the same for one or two-cycle instructions. Individual
interrupt flag bits are set, regardless of the status of
their corresponding mask bit, PEIE bit, or GIE bit.

FIGURE 12-9: INTERRUPT LOGIC
EEIF
EEIE
PSPIF
PSPIE
ADIF TOIE Wake-up (If in SLEEP mode)
ADIE TOIE
INTF :1:}
INTE Interrupt to CPU
RBIF
RBIE
PEIE
CCP1IF
CCP1IE GIE
TMRZIF:l )
TMR2IE
TMR1IF
TMRI1IE
CCP2IF
CCP2IE
BCLIF
BCLIE

The following table shows which devices have which interrupts.

Device TOIF | INTF | RBIF | PSPIF | ADIF | RCIF | TXIF | SSPIF | CCP1IF | TMR2IF | TMRL1IF | EEIF | BCLIF | CCP2IF
PIC16F876/873 | Yes | Yes | Yes — Yes | Yes | Yes Yes Yes Yes Yes Yes Yes Yes
PIC16F877/874 | Yes | Yes | Yes Yes Yes | Yes | Yes Yes Yes Yes Yes Yes Yes Yes

© 1998-2013 Microchip Technology Inc.

DS30292D-page 129



PIC16F87X

CALL Call Subroutine

Syntax: [label] CALL k

Operands: 0 < k<2047

Operation: (PC)+ 1> TOS,
k - PC<10:0>,
(PCLATH<4:3>) - PC<12:11>

Status Affected:  None

Description: Call Subroutine. First, return
address (PC+1) is pushed onto
the stack. The eleven-bit immedi-
ate address is loaded into PC bits
<10:0>. The upper bits of the PC
are loaded from PCLATH. CALL is
a two-cycle instruction.

CLRF Clear f

Syntax: [label] CLRF f

Operands: 0<f<127

Operation: 00h — (f)
157

Status Affected: Z

Description: The contents of register 'f' are
cleared and the Z hit is set.

CLRW Clear W

Syntax: [label] CLRW

Operands: None

Operation: 00h — (W)
1527

Status Affected: Z

Description: W register is cleared. Zero bit (Z)

is set.

CLRWDT Clear Watchdog Timer

Syntax: [label] CLRWDT

Operands: None

Operation: 00h - WDT
0 — WDT prescaler,
170
1->PD

Status Affected: TO, PD

Description: CLRWDT instruction resets the
Watchdog Timer. It also resets
the prescaler of the WDT. Status
bits TO and PD are set.

COMF Complement f

Syntax: [label] COMF fd

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

Operation: () > (destination)

Status Affected: Z

Description: The contents of register 'f' are
complemented. If 'd" is O, the
result is stored in W. If 'd" is 1, the
result is stored back in register 'f'.

DECF Decrement f

Syntax: [label] DECF f,d

Operands: 0<f<127
d € [0,1]

Operation: (f) - 1 —> (destination)

Status Affected: Z

Description: Decrement register 'f'. If 'd" is 0,

the result is stored in the W
register. If 'd" is 1, the result is
stored back in register 'f'.
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FIGURE 15-10:

TIMERO AND TIMER1 EXTERNAL CLOCK TIMINGS

RA4/TOCKI f
|

| < 40 > < 41 |
| i
|
| |
| 42 »-
|
y | I
RCO/T10SO/T1CKI / | J |
| | | | | |
L 45 - < 46 . | |
| a ol |
I |
- 47 - 48 -
I
TMRO or
TMR1 X
Note: Refer to Figure 15-5 for load conditions. |
TABLE 15-4: TIMERO AND TIMER1 EXTERNAL CLOCK REQUIREMENTS
Pilr:m Symbol Characteristic Min Typt| Max |Units Conditions
40* TtOH TOCKI High Pulse Width No Prescaler 0.5Tcy + 20 — — ns |Must also meet
With Prescaler 10 — — ns |parameter 42
41* TtOL TOCKI Low Pulse Width No Prescaler 0.5Tcy + 20 — — ns |Must also meet
With Prescaler 10 — | — | ns |parameter 42
42* TtOP TOCKI Period No Prescaler Tcy + 40 — — ns
With Prescaler Greater of: — — ns |N = prescale value
20 or Tcy + 40 (2, 4,..., 256)
N
45* Tt1H T1CKI High Time [Synchronous, Prescaler = 1 0.5Tcy + 20 — — ns |Must also meet
Synchronous, Standard(F) 15 — | — ns |parameter 47
Prescaler = 2,4,8 [Extended(LF) 25 — | — | ns
Asynchronous  |Standard(F) 30 — — ns
Extended(LF) 50 — — ns
46* TtlL T1CKI Low Time [Synchronous, Prescaler = 1 0.5Tcy + 20 — — ns |Must also meet
Synchronous, Standard(F) 15 — | — ns |parameter 47
Prescaler = 2,4,8 |Extended(LF) 25 — — ns
Asynchronous  |Standard(F) 30 — — ns
Extended(LF) 50 — — ns
47* Tt1P  |T1CKl input Synchronous Standard(F) Greater of: — — ns [N = prescale value
period 30 orR Tcy + 40 (1,2,4,8)
N
Extended(LF) Greater of: N = prescale value
50 OR TcY + 40 1, 2,4,8)
N
Asynchronous  |Standard(F) 60 — — ns
Extended(LF) 100 — — ns
Ftl Timer1 oscillator input frequency range DC — | 200 | kHz
(oscillator enabled by setting bit TLOSCEN)
48 | TCKEZtmrl|Delay from external clock edge to timer increment 2Tosc — |7Tosc| —

+

These parameters are characterized but not tested.
Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are

not tested.
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FIGURE 15-13: SPI MASTER MODE TIMING (CKE =0, SMP = 0)

(CKP =1) : \ l A f

SDO

SDI

Note: Refer to Figure 15-5 for load conditions.

FIGURE 15-14: SPI MASTER MODE TIMING (CKE =1, SMP = 1)

SDO XY . 1MSb X BIT6-;—?—---1 >< LSb

SDI z--1 LSb IN

Note: Refer to Figure 15-5 for load conditions.
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40-Lead Plastic Dual In-line (P) — 600 mil (PDIP)

Note:

For the most current package drawings, please see the Microchip Packaging Specification located

at http://www.microchip.com/packaging
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Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 40 40
Pitch p .100 2.54
Top to Seating Plane A .160 175 .190 4.06 4.45 4.83
Molded Package Thickness A2 .140 .150 .160 3.56 3.81 4.06
Base to Seating Plane Al .015 0.38
Shoulder to Shoulder Width E .595 .600 .625 15.11 15.24 15.88
Molded Package Width El .530 .545 .560 13.46 13.84 14.22
Overall Length D 2.045 2.058 2.065 51.94 52.26 52.45
Tip to Seating Plane L .120 .130 .135 3.05 3.30 3.43
Lead Thickness c .008 .012 .015 0.20 0.29 0.38
Upper Lead Width Bl .030 .050 .070 0.76 1.27 1.78
Lower Lead Width B .014 .018 .022 0.36 0.46 0.56
Overall Row Spacing § eB .620 .650 .680 15.75 16.51 17.27
Mold Draft Angle Top o 5 10 15 5 10 15
Mold Draft Angle Bottom § 5 10 15 5 10 15

* Controlling Parameter
§ Significant Characteristic
Notes:

Dimensions D and E1 do not include mold flash or protrusions.

.010” (0.254mm) per side.
JEDEC Equivalent: MO-011
Drawing No. C04-016

Mold flash or protrusions shall not exceed
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NOTES:
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