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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"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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PIC16F870/871
PORTD is a bi-directional I/O port or parallel slave port when 
interfacing to a microprocessor bus.

RD0/PSP0 19 21 38 I/O ST/TTL(3)

RD1/PSP1 20 22 39 I/O ST/TTL(3)

RD2/PSP2 21 23 40 I/O ST/TTL(3)

RD3/PSP3 22 24 41 I/O ST/TTL(3)

RD4/PSP4 27 30 2 I/O ST/TTL(3)

RD5/PSP5 28 31 3 I/O ST/TTL(3)

RD6/PSP6 29 32 4 I/O ST/TTL(3)

RD7/PSP7 30 33 5 I/O ST/TTL(3)

PORTE is a bi-directional I/O port.

RE0/RD/AN5 8 9 25 I/O ST/TTL(3) RE0 can also be read control for the parallel slave port, or
analog input 5.

RE1/WR/AN6 9 10 26 I/O ST/TTL(3) RE1 can also be write control for the parallel slave port, or
analog input 6.

RE2/CS/AN7 10 11 27 I/O ST/TTL(3) RE2 can also be select control for the parallel slave port,
or analog input 7.

VSS 12,31 13,34 6,29 P — Ground reference for logic and I/O pins.

VDD 11,32 12,35 7,28 P — Positive supply for logic and I/O pins.

NC — 1,17,28,
40

12,13,
33,34

— These pins are not internally connected. These pins should be 
left unconnected.

TABLE 1-2: PIC16F871 PINOUT DESCRIPTION (CONTINUED)

Pin Name
DIP
Pin#

PLCC
Pin#

QFP
Pin#

I/O/P
Type

Buffer
Type

Description

Legend: I = input O = output I/O = 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 or LVP mode.
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 I/O 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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PIC16F870/871
2.2.2.6 PIE2 Register

The PIE2 register contains the individual enable bit for
the EEPROM write operation interrupt.

REGISTER 2-6: PIE2 REGISTER (ADDRESS: 8Dh)                     
U-0 U-0 U-0 R/W-0 U-0 U-0 U-0 U-0

— — — EEIE — — — —

bit 7 bit 0

bit 7-5 Unimplemented: Read as '0'

bit 4 EEIE: EEPROM Write Operation Interrupt Enable bit

1 = Enable EE write interrupt
0 = Disable EE write interrupt

bit 3-0 Unimplemented: Read as '0'

Legend:

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

- n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
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PIC16F870/871
TABLE 4-1: PORTA FUNCTIONS

TABLE 4-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

Name Bit# Buffer Function

RA0/AN0 bit0 TTL Input/output or analog input.

RA1/AN1 bit1 TTL Input/output or analog input.

RA2/AN2 bit2 TTL Input/output or analog input.

RA3/AN3/VREF bit3 TTL Input/output or analog input or VREF.

RA4/T0CKI bit4 ST Input/output or external clock input for Timer0. Output is open drain type.

RA5/AN4 bit5 TTL Input/output or analog input.

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

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Value on: 
POR, BOR

Value on 
all other 
RESETS

05h PORTA — — RA5 RA4 RA3 RA2 RA1 RA0 --0x 0000 --0u 0000

85h TRISA — — PORTA Data Direction Register --11 1111 --11 1111

9Fh ADCON1 ADFM — — — PCFG3 PCFG2 PCFG1 PCFG0 --0- 0000 --0- 0000

Legend: x = unknown, u = unchanged, - = unimplemented locations read as '0'. 
Shaded cells are not used by PORTA.
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PIC16F870/871
TABLE 4-3: PORTB FUNCTIONS

TABLE 4-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB

Name Bit# Buffer Function

RB0/INT bit0 TTL/ST(1) Input/output pin or external interrupt input. Internal software 
programmable weak pull-up.

RB1 bit1 TTL Input/output pin.  Internal software programmable weak pull-up.

RB2 bit2 TTL Input/output pin.  Internal software programmable weak pull-up.

RB3/PGM bit3 TTL/ST(1) Input/output pin or programming pin in LVP mode.  Internal software 
programmable weak pull-up.

RB4 bit4 TTL Input/output pin (with interrupt-on-change). Internal software programmable 
weak pull-up.

RB5 bit5 TTL Input/output pin (with interrupt-on-change). Internal software programmable 
weak pull-up.

RB6/PGC bit6 TTL/ST(2) Input/output pin (with interrupt-on-change) or In-Circuit Debugger pin. 
Internal software programmable weak pull-up. Serial programming clock.

RB7/PGD bit7 TTL/ST(2) Input/output pin (with interrupt-on-change) or In-Circuit Debugger pin. 
Internal software programmable weak pull-up. Serial programming data.

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

Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt or LVP mode.

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

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Value on: 
POR, BOR

Value on 
all other 
RESETS

06h, 106h PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RB0 xxxx xxxx uuuu uuuu

86h, 186h TRISB PORTB Data Direction Register 1111 1111 1111 1111

81h, 181h OPTION_REG RBPU INTEDG T0CS T0SE PSA PS2 PS1 PS0 1111 1111 1111 1111

Legend: x = unknown, u = unchanged. Shaded cells are not used by PORTB.
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PIC16F870/871
4.3 PORTC and the TRISC Register

PORTC is an 8-bit wide, bi-directional port. The corre-
sponding data direction register is TRISC. Setting a
TRISC bit (= 1) will make the corresponding PORTC
pin an input (i.e., put the corresponding output driver in
a Hi-Impedance mode). Clearing a TRISC bit (= 0) will
make the corresponding PORTC pin an output (i.e., put
the contents of the output latch on the selected pin).

PORTC is multiplexed with several peripheral functions
(Table 4-5). PORTC pins have Schmitt Trigger input
buffers.

When enabling peripheral functions, care should be
taken in defining TRIS bits for each PORTC pin. Some
peripherals override the TRIS bit to make a pin an out-
put, 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 TRISC as
the destination should be avoided. The user should
refer to the corresponding peripheral section for the
correct TRIS bit settings.

FIGURE 4-5: PORTC BLOCK DIAGRAM 
(PERIPHERAL OUTPUT 
OVERRIDE) 

TABLE 4-5: PORTC FUNCTIONS 

TABLE 4-6: SUMMARY OF REGISTERS ASSOCIATED WITH PORTC

Port/Peripheral Select(2)

Data Bus

WR
PORT

WR
TRIS

RD 

Data Latch

TRIS Latch

RD TRIS
Schmitt
Trigger

QD

QCK

Q D

EN

Peripheral Data Out
0

1

QD

QCK

P

N

VDD

Vss

PORT

Peripheral

OE(3)

Peripheral Input

I/O
pin(1)

Note 1: I/O pins have diode protection to VDD and VSS.
2: Port/Peripheral Select signal selects between 

port data and peripheral output.
3: Peripheral OE (Output Enable) is only activated 

if Peripheral Select is active.

Name Bit# Buffer Type Function

RC0/T1OSO/T1CKI bit0 ST Input/output port pin or Timer1 oscillator output/Timer1 clock input.

RC1/T1OSI bit1 ST Input/output port pin or Timer1 oscillator input.

RC2/CCP1 bit2 ST Input/output port pin or Capture1 input/Compare1 output/
PWM1 output.

RC3 bit3 ST Input/output port pin.

RC4 bit4 ST Input/output port pin.

RC5 bit5 ST Input/output port pin.

RC6/TX/CK bit6 ST Input/output port pin or USART Asynchronous Transmit or 
Synchronous Clock.

RC7/RX/DT bit7 ST Input/output port pin  or USART Asynchronous Receive or 
Synchronous Data.

Legend: ST = Schmitt Trigger input

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Value on: 
POR, BOR

Value on 
all other 
RESETS

07h PORTC RC7 RC6 RC5 RC4 RC3 RC2 RC1 RC0 xxxx xxxx uuuu uuuu

87h TRISC PORTC Data Direction Register 1111 1111 1111 1111

Legend: x = unknown, u = unchanged
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4.4 PORTD and TRISD Registers

This section is not applicable to the PIC16F870.

PORTD is an 8-bit port with Schmitt Trigger input buff-
ers. Each pin is individually configurable as an input or
output.

PORTD can be configured as an 8-bit wide micropro-
cessor port (parallel slave port) by setting control bit
PSPMODE (TRISE<4>). In this mode, the input buffers
are TTL.

FIGURE 4-6: PORTD BLOCK DIAGRAM 
(IN I/O PORT MODE) 

TABLE 4-7: PORTD FUNCTIONS

TABLE 4-8: SUMMARY OF REGISTERS ASSOCIATED WITH PORTD

Data
Bus

WR
Port

WR
TRIS

RD Port

Data Latch

TRIS Latch

RD TRIS

Schmitt
Trigger
Input
Buffer

I/O pin(1)

Note 1: I/O pins have protection diodes to VDD and VSS.

QD

CK

QD

CK

EN

Q D

EN

Name Bit# Buffer Type Function

RD0/PSP0 bit0 ST/TTL(1) Input/output port pin or parallel slave port bit0.

RD1/PSP1 bit1 ST/TTL(1) Input/output port pin or parallel slave port bit1.

RD2/PSP2 bit2 ST/TTL(1) Input/output port pin or parallel slave port bit2.

RD3/PSP3 bit3 ST/TTL(1) Input/output port pin or parallel slave port bit3.

RD4/PSP4 bit4 ST/TTL(1) Input/output port pin or parallel slave port bit4.

RD5/PSP5 bit5 ST/TTL(1) Input/output port pin or parallel slave port bit5.

RD6/PSP6 bit6 ST/TTL(1) Input/output port pin or parallel slave port bit6.

RD7/PSP7 bit7 ST/TTL(1) Input/output port pin or parallel slave port bit7.

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

Note 1: Input buffers are Schmitt Triggers when in I/O mode and TTL buffers when in Parallel Slave Port mode.

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Value on: 
POR, BOR

Value on 
all other 
RESETS

08h PORTD RD7 RD6 RD5 RD4 RD3 RD2 RD1 RD0 xxxx xxxx uuuu uuuu

88h TRISD PORTD Data Direction Register 1111 1111 1111 1111

89h TRISE IBF OBF IBOV PSPMODE — PORTE Data Direction Bits 0000 -111 0000 -111

Legend: x = unknown, u = unchanged, - = unimplemented read as '0'. Shaded cells are not used by PORTD.
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PIC16F870/871
4.6 Parallel Slave Port

The Parallel Slave Port is not implemented on the
PIC16F870.

PORTD operates as an 8-bit wide Parallel Slave Port or
microprocessor port when control bit PSPMODE
(TRISE<4>) is set. In Slave mode, it is asynchronously
readable and writable by the external world through RD
control input pin RE0/RD and WR control input pin
RE1/WR.

It can directly interface to an 8-bit microprocessor data
bus. The external microprocessor can read or write the
PORTD latch as an 8-bit latch. Setting bit PSPMODE
enables port pin RE0/RD to be the RD input, RE1/WR
to be the WR input and RE2/CS to be the CS (chip
select) input. For this functionality, the corresponding
data direction bits of the TRISE register (TRISE<2:0>)
must be configured as inputs (set). The A/D port config-
uration bits PCFG3:PCFG0 (ADCON1<3:0>) must be
set to configure pins RE2:RE0 as digital I/O. 

There are actually two 8-bit latches. One for data out-
put and one for data input. The user writes 8-bit data to
the PORTD data latch and reads data from the port pin
latch (note that they have the same address). In this
mode, the TRISD register is ignored, since the
microprocessor is controlling the direction of data flow.

A write to the PSP occurs when both the CS and WR
lines are first detected low. When either the CS or WR
lines become high (level triggered), the Input Buffer Full
(IBF) status flag bit (TRISE<7>) is set on the Q4 clock
cycle, following the next Q2 cycle, to signal the write is
complete (Figure 4-9). The interrupt flag bit, PSPIF
(PIR1<7>), is also set on the same Q4 clock cycle. IBF
can only be cleared by reading the PORTD input latch.
The Input Buffer Overflow (IBOV) status flag bit
(TRISE<5>) is set if a second write to the PSP is
attempted when the previous byte has not been read
out of the buffer.

A read from the PSP occurs when both the CS and RD
lines are first detected low. The Output Buffer Full
(OBF) status flag bit (TRISE<6>) is cleared immedi-
ately (Figure 4-10), indicating that the PORTD latch is
waiting to be read by the external bus. When either the
CS or RD pin becomes high (level triggered), the inter-
rupt flag bit PSPIF is set on the Q4 clock cycle, follow-
ing the next Q2 cycle, indicating that the read is
complete. OBF remains low until data is written to
PORTD by the user firmware.

When not in PSP mode, the IBF and OBF bits are held
clear. However, if flag bit IBOV was previously set, it
must be cleared in firmware.

An interrupt is generated and latched into flag bit
PSPIF when a read or write operation is completed.
PSPIF must be cleared by the user in firmware and the
interrupt can be disabled by clearing the interrupt
enable bit PSPIE (PIE1<7>).

FIGURE 4-8: PORTD AND PORTE 
BLOCK DIAGRAM 
(PARALLEL SLAVE PORT) 

Data Bus

WR
Port

RD

RDx

QD

CK

EN

Q D

EN
Port

pin

One bit of PORTD

Set Interrupt Flag

PSPIF (PIR1<7>)

Read

Chip Select

Write

RD

CS

WR

Note: I/O pin has protection diodes to VDD and VSS.

TTL

TTL

TTL

TTL
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NOTES:
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PIC16F870/871
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 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:T2CKPS0 (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® Mid-Range MCU Family Reference Manual
(DS33023).

FIGURE 7-1: TIMER2 BLOCK DIAGRAM

REGISTER 7-1: T2CON: TIMER2 CONTROL REGISTER (ADDRESS 12h)                   

Comparator

TMR2
Sets Flag

TMR2 Reg

Output(1)

RESET

Postscaler

Prescaler

PR2 Reg

2

FOSC/4

1:1 1:16

1:1, 1:4, 1:16

EQ

4

bit TMR2IF

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

to

T2OUTPS3:
T2OUTPS0

T2CKPS1:
T2CKPS0

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 TOUTPS0 TMR2ON T2CKPS1 T2CKPS0

bit 7 bit 0

bit 7 Unimplemented: Read as '0'

bit 6-3 TOUTPS3:TOUTPS0: 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:T2CKPS0: Timer2 Clock Prescale Select bits

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

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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u

0

0

1

0

1

0

u

u

0

TABLE 8-4: REGISTERS ASSOCIATED WITH PWM AND TIMER2

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Value on:
POR, BOR

Value on
all other
RESETS

0Bh,8Bh,
10Bh, 18Bh

INTCON GIE PEIE T0IE INTE RBIE T0IF INTF RBIF 0000 000x 0000 000

0Ch PIR1 PSPIF(1) ADIF RCIF TXIF — CCP1IF TMR2IF TMR1IF 0000 -000 0000 -00

8Ch PIE1 PSPIE(1) ADIE RCIE TXIE — CCP1IE TMR2IE TMR1IE 0000 -000 0000 -00

87h TRISC PORTC Data Direction Register 1111 1111 1111 111

11h TMR2 Timer2 Module’s Register 0000 0000 0000 000

92h PR2 Timer2 Module’s Period Register 1111 1111 1111 111

12h T2CON — TOUTPS3 TOUTPS2 TOUTPS1 TOUTPS0 TMR2ON T2CKPS1 T2CKPS0 -000 0000 -000 000

15h CCPR1L Capture/Compare/PWM Register1 (LSB) xxxx xxxx uuuu uuu

16h CCPR1H Capture/Compare/PWM Register1 (MSB) xxxx xxxx uuuu uuu

17h CCP1CON — — CCP1X CCP1Y CCP1M3 CCP1M2 CCP1M1 CCP1M0 --00 0000 --00 000

Legend: x = unknown, u = unchanged, - = unimplemented, read as '0'. Shaded cells are not used by PWM and Timer2.
Note 1: Bits PSPIE and PSPIF are reserved on the PIC16F870; always maintain these bits clear.
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10.1 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
analog input model is shown in Figure 10-2. 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 10-2. The maximum recom-
mended impedance for analog sources is 10 k. As
the impedance is decreased, the 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 10-1 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 PIC® Mid-Range MCU Family Reference Manual
(DS33023).

EQUATION 10-1: ACQUISITION TIME    

       

FIGURE 10-2: ANALOG INPUT MODEL         

TACQ

TC

TACQ

=

=
=
=
=
=
=
=

Amplifier Settling Time + Hold Capacitor Charging Time + Temperature Coefficient

TAMP + TC + TCOFF

2 s + TC + [(Temperature – 25°C)(0.05 s/°C)] 
CHOLD (RIC + RSS + RS) In(1/2047)
- 120 pF (1 k + 7 k + 10 k) In(0.0004885)
16.47 s
2 s + 16.47 s + [(50°C – 25C)(0.05 s/C)
19.72 s

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 k. This is required to meet the pin
leakage specification.

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.

CPINVA

RS ANx

5 pF

VDD

VT = 0.6V

VT = 0.6V I LEAKAGE

RIC  1k

Sampling
Switch

SS RSS

CHOLD
= DAC capacitance

VSS

6V

Sampling Switch

5V
4V
3V
2V

5 6 7 8 9 10 11

(k)

VDD

= 120 pF± 500 nA

Legend CPIN

VT
I LEAKAGE

RIC

SS
CHOLD

= input capacitance
= threshold voltage
= leakage current at the pin due to

= interconnect resistance
= sampling switch
= sample/hold capacitance (from DAC)

various junctions
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11.0 SPECIAL FEATURES OF THE 
CPU

The PIC16F870/871 devices have a host of features
intended to maximize system reliability, minimize cost
through elimination of external components, provide
Power Saving Operating modes and offer code
protection. These are:

• Oscillator Selection

• RESET

- Power-on Reset (POR)

- Power-up Timer (PWRT)

- Oscillator Start-up Timer (OST)

- Brown-out Reset (BOR)

• Interrupts

• Watchdog Timer (WDT)

• SLEEP

• Code Protection

• ID Locations

• In-Circuit Serial Programming

• Low Voltage In-Circuit Serial Programming

• In-Circuit Debugger

PIC16F870/871 devices have a Watchdog Timer,
which can be shut-off only through configuration bits. It
runs off its own RC oscillator for added reliability. 

There are two timers that offer necessary delays on
power-up. One is the Oscillator Start-up Timer (OST),
intended to keep the chip in RESET until the crystal
oscillator is stable. The other is the Power-up Timer
(PWRT), which provides a fixed delay of 72 ms (nomi-
nal) on power-up only. It is designed to keep the part in
RESET while the power supply stabilizes. With these
two timers on-chip, most applications need no external
RESET circuitry. 

SLEEP mode is designed to offer a very low current
Power-down mode. The user can wake-up from
SLEEP through external RESET, Watchdog Timer
Wake-up, or through an interrupt. 

Several oscillator options are also made available to
allow the part to fit the application. The RC oscillator
option saves system cost while the LP crystal option
saves power. A set of configuration bits is used to
select various options.

Additional information on special features is available
in the PIC® Mid-Range MCU Family Reference Manual
(DS33023).

11.1 Configuration Bits

The configuration bits can be programmed (read as '0'),
or left unprogrammed (read as '1'), to select various
device configurations. The erased, or unprogrammed
value of the configuration word is 3FFFh. These bits
are mapped in program memory location 2007h.

It is important to note that address 2007h is beyond the
user program memory space, which can be accessed
only during programming.
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PIC16F870/871
TABLE 11-2: CAPACITOR SELECTION FOR 
CRYSTAL OSCILLATOR 

11.2.3 RC OSCILLATOR

For timing insensitive applications, the “RC” device
option offers additional cost savings. The RC oscillator
frequency is a function of the supply voltage, the resis-
tor (REXT) and capacitor (CEXT) values, and the operat-
ing temperature. In addition to this, the oscillator
frequency will vary from unit to unit due to normal pro-
cess parameter variation. Furthermore, the difference
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 11-3 shows how the R/C
combination is connected to the PIC16F870/871. 

FIGURE 11-3: RC OSCILLATOR MODE

Osc Type
Crystal 
Freq.

Cap. Range 
C1

Cap. Range 
C2

LP 32 kHz 33 pF 33 pF

200 kHz 15 pF 15 pF

XT 200 kHz 47-68 pF 47-68 pF

1 MHz 15 pF 15 pF

4 MHz 15 pF 15 pF

HS 4 MHz 15 pF 15 pF

8 MHz 15-33 pF 15-33 pF

20 MHz 15-33 pF 15-33 pF

These values are for design guidance only. 
See notes following this table.

Crystals Used

32 kHz Epson C-001R32.768K-A ± 20 PPM

200 kHz STD XTL 200.000KHz ± 20 PPM

1 MHz ECS ECS-10-13-1 ± 50 PPM

4 MHz ECS ECS-40-20-1 ± 50 PPM

8 MHz EPSON CA-301 8.000M-C ± 30 PPM

20 MHz EPSON CA-301 20.000M-C ± 30 PPM

Note 1: Higher capacitance increases the stability
of oscillator, but also increases the
start-up time. 

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

3: Rs may be required in HS mode, as well
as XT mode, to avoid overdriving crystals
with low drive level specification.

4: When migrating from other PIC® devices,
oscillator performance should be verified.

OSC2/CLKO

CEXT

REXT

PIC16F870/871

OSC1

FOSC/4

Internal
Clock

VDD

VSS

Recommended values: 3 k  REXT  100 k
CEXT > 20pF
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PIC16F870/871
FIGURE 11-5: TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO VDD)    

FIGURE 11-6: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD): CASE 1       

FIGURE 11-7: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD): CASE 2    
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TABLE 14-1: EXTERNAL CLOCK TIMING REQUIREMENTS

Param 
No.

Sym Characteristic Min Typ† Max Units Conditions

FOSC External CLKI Frequency 
(Note 1)

DC — 4 MHz XT and RC Osc mode

DC — 4 MHz HS Osc mode (-04)

DC — 20 MHz HS Osc mode (-20)

DC — 200 kHz LP Osc mode 

Oscillator Frequency 
(Note 1)

DC — 4 MHz RC Osc mode 

0.1 — 4 MHz XT Osc mode 

4
5

—
—

20
200

MHz
kHz

HS Osc mode 
LP Osc mode

1 TOSC External CLKI Period
(Note 1)

250 — — ns XT and RC Osc mode

250 — — ns HS Osc mode (-04)

50 — — ns HS Osc mode (-20)

5 — — s LP Osc mode 

Oscillator Period
(Note 1)

250 — — ns RC Osc mode 

250 — 10,000 ns XT Osc mode 

250 — 250 ns HS Osc mode (-04)

50 — 250 ns HS Osc mode (-20)

5 — — s LP Osc mode

2 TCY Instruction Cycle Time 
(Note 1)

200 TCY DC ns TCY = 4/FOSC                             

3 TosL,
TosH

External Clock in (OSC1) High 
or Low Time

100 — — ns XT oscillator

2.5 — — s LP oscillator

15 — — ns HS oscillator

4 TosR,
TosF

External Clock in (OSC1) Rise 
or Fall Time

— — 25 ns XT oscillator

— — 50 ns LP oscillator

— — 15 ns HS oscillator

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

Note 1: Instruction cycle period (TCY) equals four times the input oscillator time base period. All specified values 
are based on characterization data for that particular oscillator type under standard operating conditions 
with the device executing code. Exceeding these specified limits may result in an unstable oscillator oper-
ation and/or higher than expected current consumption. All devices are tested to operate at "min." values 
with an external clock applied to the OSC1/CLKI pin. When an external clock input is used, the "Max." 
cycle time limit is "DC" (no clock) for all devices.
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FIGURE 14-8: TIMER0 AND TIMER1 EXTERNAL CLOCK TIMINGS

TABLE 14-4: TIMER0 AND TIMER1 EXTERNAL CLOCK REQUIREMENTS

Param 
No.

Sym Characteristic Min Typ† Max Units Conditions

40* Tt0H T0CKI High Pulse Width No Prescaler 0.5 TCY + 20 — — ns Must also meet 
parameter 42 

With Prescaler 10 — — ns

41* Tt0L T0CKI Low Pulse Width No Prescaler 0.5 TCY + 20 — — ns Must also meet 
parameter 42 With Prescaler 10 — — ns

42* Tt0P T0CKI Period No Prescaler TCY + 40 — — ns

With Prescaler Greater of:
20 or TCY + 40
              N

— — ns N = prescale value 
(2, 4, ..., 256)

45* Tt1H T1CKI High Time Synchronous, Prescaler = 1 0.5 TCY + 20 — — ns Must also meet 
parameter 47 Synchronous, 

Prescaler = 2,4,8
Standard(F) 15 — — ns

Extended(LF) 25 — — ns

Asynchronous Standard(F) 30 — — ns

Extended(LF) 50 — — ns

46* Tt1L T1CKI Low Time Synchronous, Prescaler = 1 0.5 TCY + 20 — — ns Must also meet 
parameter 47 Synchronous, 

Prescaler = 2,4,8
Standard(F) 15 — — ns

Extended(LF) 25 — — ns

Asynchronous Standard(F) 30 — — ns

Extended(LF) 50 — — ns

47* Tt1P T1CKI input period Synchronous Standard(F) Greater of:
30 or TCY + 40

       N

— — ns N = prescale value 
(1, 2, 4, 8)

Extended(LF) Greater of:
50 or TCY + 40

       N

N = prescale value 
(1, 2, 4, 8)

Asynchronous Standard(F) 60 — — ns

Extended(LF) 100 — — ns

Ft1 Timer1 oscillator input frequency range 
(oscillator enabled by setting bit T1OSCEN)

DC — 200 kHz

48 TCKEZtmr1 Delay from external clock edge to timer increment 2 TOSC — 7 TOSC —

* 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.

Note: Refer to Figure 14-3 for load conditions.

46

47

45

48

41

42

40

RA4/T0CKI

RC0/T1OSO/T1CKI

TMR0 or
TMR1
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PIC16F870/871
FIGURE 15-7: AVERAGE FOSC vs. VDD FOR VARIOUS VALUES OF R (RC MODE, C = 20 pF, 25C)

FIGURE 15-8: AVERAGE FOSC vs. VDD FOR VARIOUS VALUES OF R (RC MODE, C = 100 pF, 25C)
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PIC16F870/871
FIGURE 15-13: TYPICAL AND MAXIMUM IWDT vs. VDD OVER TEMPERATURE

FIGURE 15-14: TYPICAL, MINIMUM AND MAXIMUM WDT PERIOD vs. VDD (-40C TO 125C)
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PIC16F870/871
44-Lead Plastic Leaded Chip Carrier (L) – Square (PLCC)

CH2 x 45 CH1 x 45

10501050Mold Draft Angle Bottom

10501050Mold Draft Angle Top

0.530.510.33.021.020.013B

0.810.740.66.032.029.026B1Upper Lead Width

0.330.270.20.013.011.008cLead Thickness

1111n1Pins per Side

16.0015.7514.99.630.620.590D2Footprint Length

16.0015.7514.99.630.620.590E2Footprint Width

16.6616.5916.51.656.653.650D1Molded Package Length

16.6616.5916.51.656.653.650E1Molded Package Width

17.6517.5317.40.695.690.685DOverall Length

17.6517.5317.40.695.690.685EOverall Width

0.250.130.00.010.005.000CH2Corner Chamfer (others)

1.271.141.02.050.045.040CH1Corner Chamfer 1

0.860.740.61.034.029.024A3Side 1 Chamfer Height

0.51.020A1Standoff §

A2Molded Package Thickness

4.574.394.19.180.173.165AOverall Height

1.27.050pPitch

4444nNumber of Pins

MAXNOMMINMAXNOMMINDimension Limits

MILLIMETERSINCHES*Units



A2

c

E2

2

DD1

n

#leads=n1

E

E1

1



p

A3

A35

B1

B

D2

A1

.145 .153 .160 3.68 3.87 4.06

.028 .035 0.71 0.89

Lower Lead Width

* Controlling Parameter

Notes:
Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 
.010” (0.254mm) per side.
JEDEC Equivalent:  MO-047
Drawing No. C04-048

§ Significant Characteristic

Note: For the most current package drawings, please see the Microchip Packaging Specification located
at http://www.microchip.com/packaging
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PIC16F870/871
APPENDIX C: CONVERSION 
CONSIDERATIONS

This appendix discusses the considerations for con-
verting from previous versions of a device to the ones
listed in this data sheet. Typically, these changes are
due to the differences in the process technology used.
An example of this type of conversion is from a
PIC17C756 to a PIC18F8720.

Not Applicable

APPENDIX D: MIGRATION FROM 
MID-RANGE TO 
ENHANCED DEVICES

A detailed discussion of the differences between the
mid-range MCU devices (i.e., PIC16CXXX) and the
enhanced devices (i.e., PIC18FXXX) is provided in
AN716, “Migrating Designs from PIC16C74A/74B to
PIC18C442.” The changes discussed, while device
specific, are generally applicable to all mid-range to
enhanced device migrations.

This Application Note is available as Literature Number
DS00716.
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