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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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PIC16F87X

 

TABLE 1-1: PIC16F873 AND PIC16F876 PINOUT DESCRIPTION

Pin Name
DIP
Pin#

SOIC
Pin#

I/O/P
Type

Buffer
Type

Description

OSC1/CLKIN 9 9 I ST/CMOS(3) Oscillator crystal input/external clock source input.

OSC2/CLKOUT 10 10 O — Oscillator crystal output. Connects to crystal or resonator in 
crystal oscillator mode. In RC mode, the OSC2 pin outputs 
CLKOUT which has 1/4 the frequency of OSC1, and denotes 
the instruction cycle rate.

MCLR/VPP 1 1 I/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 I/O port.

RA0/AN0 2 2 I/O TTL RA0 can also be analog input0.

RA1/AN1 3 3 I/O TTL RA1 can also be analog input1.

RA2/AN2/VREF- 4 4 I/O TTL RA2 can also be analog input2 or negative analog 
reference voltage.

RA3/AN3/VREF+ 5 5 I/O TTL RA3 can also be analog input3 or positive analog
reference voltage.

RA4/T0CKI 6 6 I/O ST RA4 can also be the clock input to the Timer0 
module. Output is open drain type.

RA5/SS/AN4 7 7 I/O TTL RA5 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 software 
programmed for internal weak pull-up on all inputs. 

RB0/INT 21 21 I/O TTL/ST(1) RB0 can also be the external interrupt pin.

RB1 22 22 I/O TTL

RB2 23 23 I/O TTL

RB3/PGM 24 24 I/O TTL RB3 can also be the low voltage programming input.

RB4 25 25 I/O TTL Interrupt-on-change pin.

RB5 26 26 I/O TTL Interrupt-on-change pin.

RB6/PGC 27 27 I/O TTL/ST(2) Interrupt-on-change pin or In-Circuit Debugger pin. Serial 
programming clock.

RB7/PGD 28 28 I/O TTL/ST(2) Interrupt-on-change pin or In-Circuit Debugger pin. Serial 
programming data.

PORTC is a bi-directional I/O port.

RC0/T1OSO/T1CKI 11 11 I/O ST RC0 can also be the Timer1 oscillator output or Timer1 
clock input.

RC1/T1OSI/CCP2 12 12 I/O ST RC1 can also be the Timer1 oscillator input or Capture2 
input/Compare2 output/PWM2 output.

RC2/CCP1 13 13 I/O ST RC2 can also be the Capture1 input/Compare1 output/
PWM1 output.

RC3/SCK/SCL 14 14 I/O ST RC3 can also be the synchronous serial clock input/output 
for both SPI and I2C modes.

RC4/SDI/SDA 15 15 I/O ST RC4 can also be the SPI Data In (SPI mode) or 
data I/O (I2C mode).

RC5/SDO 16 16 I/O ST RC5 can also be the SPI Data Out (SPI mode).

RC6/TX/CK 17 17 I/O ST RC6 can also be the USART Asynchronous Transmit or 
Synchronous Clock.

RC7/RX/DT 18 18 I/O ST RC7 can also be the USART Asynchronous Receive or 
Synchronous Data.

VSS 8, 19 8, 19 P — Ground reference for logic and I/O pins.

VDD 20 20 P — Positive supply for logic and I/O pins.

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 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.
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PIC16F87X
TABLE 1-2: PIC16F874 AND PIC16F877 PINOUT DESCRIPTION

Pin Name
DIP
Pin#

PLCC
Pin#

QFP
Pin#

I/O/P
Type

Buffer
Type

Description

OSC1/CLKIN 13 14 30 I ST/CMOS(4) 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 I/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 I/O port.

RA0/AN0 2 3 19 I/O TTL RA0 can also be analog input0.

RA1/AN1 3 4 20 I/O TTL RA1 can also be analog input1.

RA2/AN2/VREF- 4 5 21 I/O TTL RA2 can also be analog input2 or negative 
analog reference voltage.

RA3/AN3/VREF+ 5 6 22 I/O TTL RA3 can also be analog input3 or positive 
analog reference voltage.

RA4/T0CKI 6 7 23 I/O ST RA4 can also be the clock input to the Timer0 timer/
counter. Output is open drain type.

RA5/SS/AN4 7 8 24 I/O TTL RA5 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. 

RB0/INT 33 36 8 I/O TTL/ST(1) RB0 can also be the external interrupt pin.

RB1 34 37 9 I/O TTL

RB2 35 38 10 I/O TTL

RB3/PGM 36 39 11 I/O TTL RB3 can also be the low voltage programming input.

RB4 37 41 14 I/O TTL Interrupt-on-change pin.

RB5 38 42 15 I/O TTL Interrupt-on-change pin.

RB6/PGC 39 43 16 I/O TTL/ST(2) Interrupt-on-change pin or In-Circuit Debugger pin. 
Serial programming clock.

RB7/PGD 40 44 17 I/O TTL/ST(2) Interrupt-on-change pin or In-Circuit Debugger pin. 
Serial programming data.

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.
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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NOTES:
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PIC16F87X
3.2 PORTB and the TRISB Register

PORTB is an 8-bit wide, bi-directional 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
Hi-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).

Three pins of PORTB are multiplexed with the Low
Voltage Programming function: RB3/PGM, RB6/PGC
and RB7/PGD. The alternate functions of these pins
are described in the Special Features Section.

Each of the PORTB pins has a weak internal pull-up. A
single control bit can turn on all the pull-ups. This is per-
formed 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 dis-
abled on a Power-on Reset.

FIGURE 3-3: BLOCK DIAGRAM OF 
RB3:RB0 PINS 

Four of the PORTB 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.

This interrupt-on-mismatch feature, together with soft-
ware configureable pull-ups on these four pins, allow
easy interface to a keypad and make it possible for
wake-up on key depression. Refer to the Embedded
Control Handbook, “Implementing Wake-up on Key
Strokes” (AN552).

RB0/INT is an external interrupt input pin and is config-
ured using the INTEDG bit (OPTION_REG<6>).

RB0/INT is discussed in detail in Section 12.10.1. 

FIGURE 3-4: BLOCK DIAGRAM OF
RB7:RB4 PINS 
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PIC16F87X
3.6 Parallel Slave Port

The Parallel Slave Port (PSP) is not implemented on
the PIC16F873 or PIC16F876.

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.

The PSP can directly interface to an 8-bit microproces-
sor 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 cor-
responding data direction bits of the TRISE register
(TRISE<2:0>) must be configured as inputs (set). The
A/D port configuration 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 external
device 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 3-10). 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 3-11), 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 3-9: PORTD AND PORTE 
BLOCK DIAGRAM 
(PARALLEL SLAVE 
PORT) 
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PIC16F87X
4.9 FLASH Program Memory Write 
Protection

The configuration word contains a bit that write protects
the FLASH program memory, called WRT. This bit can
only be accessed when programming the PIC16F87X
device via ICSP. Once write protection is enabled, only
an erase of the entire device will disable it. When
enabled, write protection prevents any writes to FLASH
program memory. Write protection does not affect pro-
gram memory reads.

TABLE 4-1: READ/WRITE STATE OF INTERNAL FLASH PROGRAM MEMORY

TABLE 4-2: REGISTERS ASSOCIATED WITH DATA EEPROM/PROGRAM FLASH 

Configuration Bits
Memory Location

Internal 
Read

Internal 
Write

ICSP Read ICSP Write
CP1 CP0 WRT

0 0 x All program memory Yes No No No

0 1 0 Unprotected areas Yes No Yes No

0 1 0 Protected areas Yes No No No

0 1 1 Unprotected areas Yes Yes Yes No

0 1 1 Protected areas Yes No No No

1 0 0 Unprotected areas Yes No Yes No

1 0 0 Protected areas Yes No No No

1 0 1 Unprotected areas Yes Yes Yes No

1 0 1 Protected areas Yes No No No

1 1 0 All program memory Yes No Yes Yes

1 1 1 All program memory Yes Yes Yes Yes

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 000u

10Dh EEADR EEPROM Address Register, Low Byte xxxx xxxx uuuu uuuu

10Fh EEADRH — — — EEPROM Address, High Byte xxxx xxxx uuuu uuuu

10Ch EEDATA EEPROM Data Register, Low Byte xxxx xxxx uuuu uuuu

10Eh EEDATH — — EEPROM Data Register, High Byte xxxx xxxx uuuu uuuu

18Ch EECON1 EEPGD — — — WRERR WREN WR RD x--- x000 x--- u000

18Dh EECON2 EEPROM Control Register2 (not a physical register) — —

8Dh PIE2 — (1) — EEIE BCLIE — — CCP2IE -r-0 0--0 -r-0 0--0

0Dh PIR2 — (1) — EEIF BCLIF — — CCP2IF -r-0 0--0 -r-0 0--0

Legend:  x = unknown, u = unchanged, r = reserved, - = unimplemented, read as '0'. 
Shaded cells are not used during FLASH/EEPROM access.

Note 1: These bits are reserved; always maintain these bits clear.
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8.3 PWM Mode (PWM)

In Pulse Width Modulation mode, the CCPx pin pro-
duces up to a 10-bit resolution PWM output. Since the
CCP1 pin is multiplexed with the PORTC data latch,
the TRISC<2> bit must be cleared to make the CCP1
pin an output.

Figure 8-3 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 8.3.3.

FIGURE 8-3: SIMPLIFIED PWM BLOCK 
DIAGRAM

A PWM output (Figure 8-4) 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 8-4: PWM OUTPUT

8.3.1 PWM PERIOD

The PWM period is specified by writing to the PR2 reg-
ister. The PWM period can be calculated using the fol-
lowing formula:

      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)

• The PWM duty cycle is latched from CCPR1L into 
CCPR1H

8.3.2 PWM DUTY CYCLE

The PWM duty cycle is specified by writing to the
CCPR1L 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> contains the
two LSbs. This 10-bit value is represented by
CCPR1L:CCP1CON<5:4>. The following equation is
used to calculate the PWM duty cycle in time:

      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 glitch-free PWM operation.

When the CCPR1H and 2-bit latch match TMR2, con-
catenated with an internal 2-bit Q clock, or 2 bits of the
TMR2 prescaler, the CCP1 pin is cleared.

The maximum PWM resolution (bits) for a given PWM
frequency is given by the formula:

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

CCPR1L

CCPR1H (Slave)

Comparator

TMR2

Comparator

PR2

(Note 1)

R Q

S

Duty Cycle Registers CCP1CON<5:4>

Clear Timer,
CCP1 pin and 
latch D.C.

TRISC<2>

RC2/CCP1

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

Period

Duty Cycle

TMR2 = PR2

TMR2 = Duty Cycle

TMR2 = PR2

Note: The Timer2 postscaler (see Section 7.1) is
not used in the determination of the PWM
frequency. The postscaler could be used
to have a servo update rate at a different
frequency than the PWM output.

Note: If the PWM duty cycle value is longer than
the PWM period, the CCP1 pin will not be
cleared.

log(FPWM

log(2)

FOSC )
bits=Resolution
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9.2 MSSP I2C Operation

The MSSP module in I2C mode, fully implements all
master and slave functions (including general call sup-
port) and provides interrupts on START and STOP bits in
hardware, to determine a free bus (multi-master func-
tion). The MSSP module implements the standard mode
specifications, as well as 7-bit and 10-bit addressing.

Refer to Application Note AN578, "Use of the SSP
Module in the I 2C Multi-Master Environment."

A "glitch" filter is on the SCL and SDA pins when the pin
is an input. This filter operates in both the 100 kHz and
400 kHz modes. In the 100 kHz mode, when these pins
are an output, there is a slew rate control of the pin that
is independent of device frequency.

FIGURE 9-5: I2C SLAVE MODE BLOCK 
DIAGRAM   

Two pins are used for data transfer. These are the SCL
pin, which is the clock, and the SDA pin, which is the
data. The SDA and SCL pins are automatically config-
ured when the I2C mode is enabled. The SSP module
functions are enabled by setting SSP Enable bit
SSPEN (SSPCON<5>).

The MSSP module has six registers for I2C operation.
They are the: 

• SSP Control Register (SSPCON)

• SSP Control Register2 (SSPCON2)

• SSP Status Register (SSPSTAT)

• Serial Receive/Transmit Buffer (SSPBUF)

• SSP Shift Register (SSPSR) - Not directly 
accessible

• SSP Address Register (SSPADD)

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

• I2C Slave mode (7-bit address)

• I2C Slave mode (10-bit address)

• I2C Master mode, clock = OSC/4 (SSPADD +1)

• I2C firmware modes (provided for compatibility to 
other mid-range products)

Before selecting any I2C mode, the SCL and SDA pins
must be programmed to inputs by setting the appropri-
ate TRIS bits. Selecting an I2C mode by setting the
SSPEN bit, enables the SCL and SDA pins to be used
as the clock and data lines in I2C mode. Pull-up resis-
tors must be provided externally to the SCL and SDA
pins for the proper operation of the I2C module.

The CKE bit (SSPSTAT<6:7>) sets the levels of the
SDA and SCL pins in either Master or Slave mode.
When CKE = 1, the levels will conform to the SMBus
specification. When CKE = 0, the levels will conform to
the I2C specification.

The SSPSTAT register gives the status of the data
transfer. This information includes detection of a
START (S) or STOP (P) bit, specifies if the received
byte was data or address, if the next byte is the com-
pletion of 10-bit address, and if this will be a read or
write data transfer. 

SSPBUF is the register to which the transfer data is
written to, or read from. The SSPSR register shifts the
data in or out of the device. In receive operations, the
SSPBUF and SSPSR create a doubled buffered
receiver. This allows reception of the next byte to begin
before reading the last byte of received data. When the
complete byte is received, it is transferred to the
SSPBUF register and flag bit SSPIF is set. If another
complete byte is received before the SSPBUF register
is read, a receiver overflow has occurred and bit
SSPOV (SSPCON<6>) is set and the byte in the
SSPSR is lost.

The SSPADD register holds the slave address. In
10-bit mode, the user needs to write the high byte of the
address (1111 0 A9 A8 0). Following the high byte
address match, the low byte of the address needs to be
loaded (A7:A0).

Read Write

SSPSR Reg

Match Detect

SSPADD Reg

START and 
STOP bit Detect

SSPBUF Reg

Internal
Data Bus

Addr Match

Set, Reset
S, P bits

(SSPSTAT Reg)

SCL

Shift
Clock

MSb LSbSDA
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9.2.3 SLEEP OPERATION

While in SLEEP mode, the I2C module can receive
addresses or data. When an address match or com-
plete byte transfer occurs, wake the processor from
SLEEP (if the SSP interrupt is enabled).

9.2.4 EFFECTS OF A RESET

A RESET disables the SSP module and terminates the
current transfer.

TABLE 9-3: REGISTERS ASSOCIATED WITH I2C OPERATION         

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

Value on:
MCLR, 
WDT

0Bh, 8Bh, 
10Bh,18Bh

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

0Ch PIR1 PSPIF(1) ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF 0000 0000 0000 0000

8Ch PIE1 PSPIE(1) ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMR1IE 0000 0000 0000 0000

0Dh PIR2 — (2) — EEIF BCLIF — — CCP2IF -r-0 0--0 -r-0 0--0

8Dh PIE2 — (2) — EEIE BCLIE — — CCP2IE -r-0 0--0 -r-0 0--0

13h SSPBUF Synchronous Serial Port Receive Buffer/Transmit Register xxxx xxxx uuuu uuuu

14h SSPCON WCOL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPM0 0000 0000 0000 0000

91h SSPCON2 GCEN ACKSTAT ACKDT ACKEN RCEN PEN RSEN SEN 0000 0000 0000 0000

93h SSPADD I2C Slave Address/Master Baud Rate Register 0000 0000 0000 0000

94h SSPSTAT SMP CKE D/A P S 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 I2C mode.
Note 1: These bits are reserved on PIC16F873/876 devices; always maintain these bits clear.

2: These bits are reserved on these devices; always maintain these bits clear.
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9.2.10 I2C MASTER MODE REPEATED 
START CONDITION TIMING

A Repeated START condition occurs when the RSEN
bit (SSPCON2<1>) is programmed high and the I2C
module is in the IDLE state. When the RSEN bit is set,
the SCL pin is asserted low. When the SCL pin is sam-
pled low, the baud rate generator is loaded with the
contents of SSPADD<6:0> and begins counting. The
SDA pin is released (brought high) for one baud rate
generator count (TBRG). When the baud rate generator
times out, if SDA is sampled high, the SCL pin will be
de-asserted (brought high). When SCL is sampled high
the baud rate generator is reloaded with the contents of
SSPADD<6:0> and begins counting. SDA and SCL
must be sampled high for one TBRG. This action is then
followed by assertion of the SDA pin (SDA is low) for
one TBRG, while SCL is high. Following this, the RSEN
bit in the SSPCON2 register will be automatically
cleared and the baud rate generator will not be
reloaded, leaving the SDA pin held low. As soon as a
START condition is detected on the SDA and SCL pins,
the S bit (SSPSTAT<3>) will be set. The SSPIF bit will
not be set until the baud rate generator has timed out.         

Immediately following the SSPIF bit getting set, the
user may write the SSPBUF with the 7-bit address in
7-bit mode, or the default first address in 10-bit mode.
After the first eight bits are transmitted and an ACK is
received, the user may then transmit an additional eight
bits of address (10-bit mode), or eight bits of data (7-bit
mode).

9.2.10.1 WCOL Status Flag

If the user writes the SSPBUF when a Repeated
START sequence is in progress, then WCOL is set and
the contents of the buffer are unchanged (the write
doesn’t occur).      

FIGURE 9-13: REPEAT START CONDITION WAVEFORM       

Note 1: If RSEN is programmed while any other
event is in progress, it will not take effect.

2: A bus collision during the Repeated
START condition occurs if: 
• SDA is sampled low when SCL 

goes from low to high.
• SCL goes low before SDA is 

asserted low. This may indicate that 
another master is attempting to 
transmit a data "1".

Note: Because queueing of events is not
allowed, writing of the lower 5 bits of
SSPCON2 is disabled until the Repeated
START condition is complete.

SDA

SCL

Sr = Repeated START

Write to SSPCON2 

Write to SSPBUF occurs hereFalling edge of ninth clock
End of Xmit

At completion of START bit, 
hardware clears RSEN bit

1st bit

Set S (SSPSTAT<3>)

TBRG

TBRG

SDA = 1,

SDA = 1, 

SCL (no change)
SCL = 1

occurs here

TBRG TBRG TBRG

     and sets SSPIF
 1998-2013 Microchip Technology Inc. DS30292D-page 81



PIC16F87X
FIGURE 9-21: BUS COLLISION DURING START CONDITION (SCL = 0)      

FIGURE 9-22: BRG RESET DUE TO SDA COLLISION DURING START CONDITION        
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10.3 USART 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 RC6/TX/CK and RC7/RX/DT I/O pins
to CK (clock) and DT (data) lines, respectively. The
Master mode indicates that the processor transmits the
master clock on the CK line. The Master mode is
entered by setting bit CSRC (TXSTA<7>).

10.3.1 USART SYNCHRONOUS MASTER 
TRANSMISSION

The USART transmitter block diagram is shown in
Figure 10-6. 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 inter-
rupt 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 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. TRMT is a read
only bit which is set when the TSR is empty. No inter-
rupt logic is tied to this bit, so the user has to poll this
bit in order to determine if the TSR register 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 sta-
ble around the falling edge of the synchronous clock
(Figure 10-9). The transmission can also be started by
first loading the TXREG register and then setting bit
TXEN (Figure 10-10). 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 hi-
impedance. If either bit CREN or bit SREN is set during
a transmission, the transmission is aborted and the DT
pin reverts to a hi-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 hi-
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 10.1).

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

3. If interrupts are desired, set enable bit TXIE.

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

5. Enable the transmission by setting bit TXEN.

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

7. Start transmission 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.
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REGISTER 12-1: CONFIGURATION WORD (ADDRESS 2007h)(1) 

CP1 CP0 DEBUG — WRT CPD LVP BODEN CP1 CP0 PWRTE WDTE F0SC1 F0SC0

bit13 bit0

bit 13-12,

bit 5-4

CP1:CP0: FLASH Program Memory Code Protection bits(2)

11 = Code protection off
10 = 1F00h to 1FFFh code protected (PIC16F877, 876)
10 = 0F00h to 0FFFh code protected (PIC16F874, 873)
01 = 1000h to 1FFFh code protected (PIC16F877, 876)
01 = 0800h to 0FFFh code protected (PIC16F874, 873)
00 = 0000h to 1FFFh code protected (PIC16F877, 876)
00 = 0000h to 0FFFh code protected (PIC16F874, 873)

bit 11 DEBUG: In-Circuit Debugger Mode
1 = In-Circuit Debugger disabled, RB6 and RB7 are general purpose I/O pins
0 = In-Circuit Debugger enabled, RB6 and RB7 are dedicated to the debugger.

bit 10 Unimplemented: Read as ‘1’

bit 9 WRT: FLASH Program Memory Write Enable
1 = Unprotected program memory may be written to by EECON control
0 = Unprotected program memory may not be written to by EECON control

bit 8 CPD: Data EE Memory Code Protection
1 = Code protection off 
0 = Data EEPROM memory code protected

bit 7 LVP: Low Voltage In-Circuit Serial Programming Enable bit
1 = RB3/PGM pin has PGM function, low voltage programming enabled
0 = RB3 is digital I/O, HV on MCLR must be used for programming

bit 6 BODEN: Brown-out Reset Enable bit(3)

1 = BOR enabled
0 = BOR disabled

bit 3 PWRTE: Power-up Timer Enable bit(3)

1 = PWRT disabled
0 = PWRT enabled

bit 2 WDTE: Watchdog Timer Enable bit
1 = WDT enabled
0 = WDT disabled

bit 1-0 FOSC1:FOSC0: Oscillator Selection bits
11 = RC oscillator
10 = HS oscillator
01 = XT oscillator
00 = LP oscillator

Note 1: The erased (unprogrammed) value of the configuration word is 3FFFh.
2: All of the CP1:CP0 pairs have to be given the same value to enable the code protection scheme listed.
3: Enabling Brown-out Reset automatically enables Power-up Timer (PWRT), regardless of the value of bit PWRTE. 

Ensure the Power-up Timer is enabled any time Brown-out Reset is enabled.
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FIGURE 12-5: TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO VDD)    

PIE2 873 874 876 877 -r-0 0--0 -r-0 0--0 -r-u u--u

PCON 873 874 876 877 ---- --qq ---- --uu ---- --uu

PR2 873 874 876 877 1111 1111 1111 1111 1111 1111

SSPADD 873 874 876 877 0000 0000 0000 0000 uuuu uuuu

SSPSTAT 873 874 876 877 --00 0000 --00 0000 --uu uuuu

TXSTA 873 874 876 877 0000 -010 0000 -010 uuuu -uuu

SPBRG 873 874 876 877 0000 0000 0000 0000 uuuu uuuu

ADRESL 873 874 876 877 xxxx xxxx uuuu uuuu uuuu uuuu

ADCON1 873 874 876 877 0--- 0000 0--- 0000 u--- uuuu

EEDATA 873 874 876 877 0--- 0000 0--- 0000 u--- uuuu

EEADR 873 874 876 877 xxxx xxxx uuuu uuuu uuuu uuuu

EEDATH 873 874 876 877 xxxx xxxx uuuu uuuu uuuu uuuu

EEADRH 873 874 876 877 xxxx xxxx uuuu uuuu uuuu uuuu

EECON1 873 874 876 877 x--- x000 u--- u000 u--- uuuu

EECON2 873 874 876 877 ---- ---- ---- ---- ---- ----

TABLE 12-6: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)

Register Devices
Power-on Reset,
Brown-out Reset

MCLR Resets,
WDT Reset

Wake-up via WDT or 
Interrupt

Legend: u   = unchanged, x   =   unknown, - =   unimplemented bit, read as '0', q = 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.

TPWRT

TOST

VDD

MCLR

INTERNAL POR

PWRT TIME-OUT

OST TIME-OUT

INTERNAL RESET
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12.17  In-Circuit Serial Programming

PIC16F87X microcontrollers can be serially pro-
grammed while in the end application circuit. This is
simply done with two lines for clock and data and three
other lines for power, ground, and the programming
voltage. This allows customers to manufacture boards
with unprogrammed devices, and then program the
microcontroller just before shipping the product. This
also allows the most recent firmware, or a custom firm-
ware to be programmed.

When using ICSP, the part must be supplied at 4.5V to
5.5V, if a bulk erase will be executed. This includes
reprogramming of the code protect, both from an on-
state to off-state. For all other cases of ICSP, the part
may be programmed at the normal operating voltages.
This means calibration values, unique user IDs, or user
code can be reprogrammed or added.

For complete details of serial programming, please
refer to the EEPROM Memory Programming Specifica-
tion for the PIC16F87X (DS39025).

12.18 Low Voltage ICSP Programming

The LVP bit of the configuration word enables low volt-
age ICSP programming. This mode allows the micro-
controller to be programmed via ICSP using a VDD

source in the operating voltage range. This only means
that VPP does not have to be brought to VIHH, but can
instead be left at the normal operating voltage. In this
mode, the RB3/PGM pin is dedicated to the program-
ming function and ceases to be a general purpose I/O
pin. During programming, VDD is applied to the MCLR
pin. To enter Programming mode, VDD must be applied
to the RB3/PGM, provided the LVP bit is set. The LVP
bit defaults to on (‘1’) from the factory.

   

If Low Voltage Programming mode is not used, the LVP
bit can be programmed to a '0' and RB3/PGM becomes
a digital I/O pin. However, the LVP bit may only be pro-
grammed when programming is entered with VIHH on
MCLR. The LVP bit can only be charged when using
high voltage on MCLR.

It should be noted, that once the LVP bit is programmed
to 0, only the High Voltage Programming mode is avail-
able and only High Voltage Programming mode can be
used to program the device.

When using low voltage ICSP, the part must be supplied
at 4.5V to 5.5V, if a bulk erase will be executed. This
includes reprogramming of the code protect bits from an
on-state to off-state. For all other cases of low voltage
ICSP, the part may be programmed at the normal oper-
ating voltage. This means calibration values, unique
user IDs, or user code can be reprogrammed or added.

Note 1: The High Voltage Programming mode is
always available, regardless of the state
of the LVP bit, by applying VIHH to the
MCLR pin.

2: While in Low Voltage ICSP mode, the
RB3 pin can no longer be used as a gen-
eral purpose I/O pin.

3: When using low voltage ICSP program-
ming (LVP) and the pull-ups on PORTB
are enabled, bit 3 in the TRISB register
must be cleared to disable the pull-up on
RB3 and ensure the proper operation of
the device.

4: RB3 should not be allowed to float if LVP
is enabled. An external pull-down device
should be used to default the device to
normal operating mode. If RB3 floats
high, the PIC16F87X device will enter
Programming mode.

5: LVP mode is enabled by default on all
devices shipped from Microchip. It can be
disabled by clearing the LVP bit in the
CONFIG register.

6: Disabling LVP will provide maximum com-
patibility to other PIC16CXXX devices.
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VOL Output Low Voltage
D080 I/O ports — — 0.6 V IOL = 8.5 mA, VDD = 4.5V, 

-40C to +85C
D083 OSC2/CLKOUT (RC osc config) — — 0.6 V IOL = 1.6 mA, VDD = 4.5V, 

-40C to +85C
VOH Output High Voltage

D090 I/O ports(3) VDD - 0.7 — — V IOH = -3.0 mA, VDD = 4.5V, 
-40C to +85C

D092 OSC2/CLKOUT (RC osc config) VDD - 0.7 — — V IOH = -1.3 mA, VDD = 4.5V, 
-40C to +85C

D150* VOD Open-Drain High Voltage — — 8.5 V RA4 pin
Capacitive Loading Specs on 
Output Pins

D100 COSC2 OSC2 pin — — 15 pF In XT, HS and LP modes when 
external clock is used to drive 
OSC1

D101
D102

CIO

CB

All I/O pins and OSC2 (RC mode) 
SCL, SDA (I2C mode)

—
—

—
—

50
400

pF
pF

Data EEPROM Memory
D120 ED Endurance 100K — — E/W 25C at 5V
D121 VDRW VDD for read/write VMIN — 5.5 V Using EECON to read/write

VMIN = min. operating voltage
D122 TDEW Erase/write cycle time — 4 8 ms

Program FLASH Memory
D130 EP Endurance 1000 — — E/W 25C at 5V
D131 VPR VDD for read VMIN — 5.5 V VMIN = min operating voltage
D132A VDD for erase/write VMIN — 5.5 V Using EECON to read/write, 

VMIN = min. operating voltage
D133 TPEW Erase/Write cycle time — 4 8 ms

15.2 DC Characteristics:  PIC16F873/874/876/877-04   (Commercial, Industrial)
PIC16F873/874/876/877-20   (Commercial, Industrial)
PIC16LF873/874/876/877-04 (Commercial, Industrial)
 (Continued)

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C  TA  +85°C for industrial 

   0°C  TA  +70°C for commercial
Operating voltage VDD range as described in DC specification 
(Section 15.1) 

Param
No.

Sym Characteristic Min Typ† Max Units Conditions

* 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 1: In RC oscillator configuration, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended that the 

PIC16F87X be driven with external clock in RC mode.
2: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels 

represent normal operating conditions. Higher leakage current may be measured at different input voltages.
3: Negative current is defined as current sourced by the pin.
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NOTES:
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FIGURE 16-3: TYPICAL IDD vs. FOSC OVER VDD (XT MODE) 

FIGURE 16-4: MAXIMUM IDD vs. FOSC OVER VDD (LP MODE) 
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FIGURE 16-17: TYPICAL, MINIMUM AND MAXIMUM VOH vs. IOH (VDD=3V, -40C TO 125C)

FIGURE 16-18: TYPICAL, MINIMUM AND MAXIMUM VOL vs. IOL (VDD=5V, -40C TO 125C)
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28-Lead Skinny Plastic Dual In-line (SP) – 300 mil (PDIP) 

1510515105Mold Draft Angle Bottom

1510515105Mold Draft Angle Top

10.928.898.13.430.350.320eBOverall Row Spacing §

0.560.480.41.022.019.016BLower Lead Width

1.651.331.02.065.053.040B1Upper Lead Width

0.380.290.20.015.012.008cLead Thickness

3.433.303.18.135.130.125LTip to Seating Plane

35.1834.6734.161.3851.3651.345DOverall Length

7.497.246.99.295.285.275E1Molded Package Width

8.267.877.62.325.310.300EShoulder to Shoulder Width

0.38.015A1Base to Seating Plane

3.433.303.18.135.130.125A2Molded Package Thickness

4.063.813.56.160.150.140ATop to Seating Plane

2.54.100pPitch

2828nNumber of Pins

MAXNOMMINMAXNOMMINDimension Limits

MILLIMETERSINCHES*Units

2

1

D

n

E1

c

eB



E



p

L

A2

B

B1

A

A1

Notes:

JEDEC Equivalent:  MO-095
Drawing No. C04-070

* Controlling Parameter

Dimension D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 
.010” (0.254mm) per side. 

§ 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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