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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"

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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PIC16F87XA
Pin Diagrams
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PIC16F87XA
PORTC is a bidirectional I/O port.

RC0/T1OSO/T1CKI
RC0
T1OSO
T1CKI

15 16 32 34
I/O
O
I

ST
Digital I/O.
Timer1 oscillator output. 
Timer1 external clock input.

RC1/T1OSI/CCP2
RC1
T1OSI
CCP2

16 18 35 35
I/O
I

I/O

ST
Digital I/O.
Timer1 oscillator input.
Capture2 input, Compare2 output, PWM2 output.

RC2/CCP1
RC2
CCP1

17 19 36 36
I/O
I/O

ST
Digital I/O.
Capture1 input, Compare1 output, PWM1 output.

RC3/SCK/SCL
RC3
SCK

SCL

18 20 37 37
I/O
I/O

I/O

ST
Digital I/O.
Synchronous serial clock input/output for SPI 
mode.
Synchronous serial clock input/output for I2C 
mode.

RC4/SDI/SDA
RC4
SDI
SDA

23 25 42 42
I/O
I

I/O

ST
Digital I/O.
SPI data in.
I2C data I/O.

RC5/SDO
RC5
SDO

24 26 43 43
I/O
O

ST
Digital I/O.
SPI data out.

RC6/TX/CK
RC6
TX
CK

25 27 44 44
I/O
O

I/O

ST
Digital I/O.
USART asynchronous transmit.
USART1 synchronous clock.

RC7/RX/DT
RC7
RX
DT

26 29 1 1
I/O
I

I/O

ST
Digital I/O.
USART asynchronous receive.
USART synchronous data. 

TABLE 1-3: PIC16F874A/877A PINOUT DESCRIPTION (CONTINUED)

Pin Name
PDIP
Pin#

PLCC
Pin#

TQFP
Pin#

QFN
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 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.
DS39582C-page 12  2001-2013 Microchip Technology Inc.



PIC16F87XA
   Bank 2

100h(3) INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 31, 150

101h TMR0 Timer0 Module Register xxxx xxxx 55, 150

102h(3) PCL Program Counter’s (PC) Least Significant Byte 0000 0000 30, 150

103h(3) STATUS IRP RP1 RP0 TO PD Z DC C 0001 1xxx 22, 150

104h(3) FSR Indirect Data Memory Address Pointer xxxx xxxx 31, 150

105h — Unimplemented — —

106h PORTB PORTB Data Latch when written: PORTB pins when read xxxx xxxx 45, 150

107h — Unimplemented — —

108h — Unimplemented — —

109h — Unimplemented — —

10Ah(1,3) PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 30, 150

10Bh(3) INTCON GIE PEIE TMR0IE INTE RBIE TMR0IF INTF RBIF 0000 000x 24, 150

10Ch EEDATA EEPROM Data Register Low Byte xxxx xxxx 39, 151

10Dh EEADR EEPROM Address Register Low Byte xxxx xxxx 39, 151

10Eh EEDATH — — EEPROM Data Register High Byte --xx xxxx 39, 151

10Fh EEADRH — — — —(5) EEPROM Address Register High Byte ---- xxxx 39, 151

   Bank 3

180h(3) INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 31, 150

181h OPTION_REG RBPU INTEDG T0CS T0SE PSA PS2 PS1 PS0 1111 1111 23, 150

182h(3) PCL Program Counter (PC) Least Significant Byte 0000 0000 30, 150

183h(3) STATUS IRP RP1 RP0 TO PD Z DC C 0001 1xxx 22, 150

184h(3) FSR Indirect Data Memory Address Pointer xxxx xxxx 31, 150

185h — Unimplemented — —

186h TRISB PORTB Data Direction Register 1111 1111 45, 150

187h — Unimplemented — —

188h — Unimplemented — —

189h — Unimplemented — —

18Ah(1,3) PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 30, 150

18Bh(3) INTCON GIE PEIE TMR0IE INTE RBIE TMR0IF INTF RBIF 0000 000x 24, 150

18Ch EECON1 EEPGD — — — WRERR WREN WR RD x--- x000 34, 151

18Dh EECON2 EEPROM Control Register 2 (not a physical register) ---- ---- 39, 151

18Eh — Reserved; maintain clear 0000 0000 —

18Fh — Reserved; maintain clear 0000 0000 —

TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)

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

Details 
on page:

Legend: x = unknown, u = unchanged, q = value depends on condition, - = unimplemented, read as ‘0’, r = reserved. 
Shaded locations are unimplemented, read as ‘0’.

Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<12:8>, whose 
contents are transferred to the upper byte of the program counter.

2: Bits PSPIE and PSPIF are reserved on PIC16F873A/876A devices; always maintain these bits clear.

3: These registers can be addressed from any bank.

4: PORTD, PORTE, TRISD and TRISE are not implemented on PIC16F873A/876A devices, read as ‘0’.

5: Bit 4 of EEADRH implemented only on the PIC16F876A/877A devices.
 2001-2013 Microchip Technology Inc. DS39582C-page 21



PIC16F87XA
TABLE 5-1:  REGISTERS ASSOCIATED WITH TIMER0    

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

01h,101h TMR0 Timer0 Module Register xxxx xxxx uuuu uuuu

0Bh,8Bh,
10Bh,18Bh

INTCON GIE PEIE TMR0IE INTE RBIE TMR0IF INTF RBIF 0000 000x 0000 000u

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

Legend: x = unknown, u = unchanged, - = unimplemented locations read as ‘0’. Shaded cells are not used by Timer0.
 2001-2013 Microchip Technology Inc. DS39582C-page 55



PIC16F87XA
8.2 Compare Mode

In Compare mode, the 16-bit CCPR1 register value is
constantly compared against the TMR1 register pair
value. When a match occurs, the RC2/CCP1 pin is:

• Driven high

• Driven low

• Remains unchanged

The action on the pin is based on the value of control
bits, CCP1M3:CCP1M0 (CCP1CON<3:0>). At the
same time, interrupt flag bit CCP1IF is set.

FIGURE 8-2: COMPARE MODE 
OPERATION BLOCK 
DIAGRAM

8.2.1 CCP PIN CONFIGURATION

The user must configure the RC2/CCP1 pin as an
output by clearing the TRISC<2> bit.

8.2.2 TIMER1 MODE SELECTION

Timer1 must be running in Timer mode, or Synchro-
nized Counter mode, if the CCP module is using the
compare feature. In Asynchronous Counter mode, the
compare operation may not work.

8.2.3 SOFTWARE INTERRUPT MODE 

When Generate Software Interrupt mode is chosen, the
CCP1 pin is not affected. The CCPIF bit is set, causing
a CCP interrupt (if enabled).

8.2.4 SPECIAL EVENT TRIGGER

In this mode, an internal hardware trigger is generated
which may be used to initiate an action. 

The special event trigger output of CCP1 resets the
TMR1 register pair. This allows the CCPR1 register to
effectively be a 16-bit programmable period register for
Timer1.

The special event trigger output of CCP2 resets the
TMR1 register pair and starts an A/D conversion (if the
A/D module is enabled).

Note: Clearing the CCP1CON register will force
the RC2/CCP1 compare output latch to
the default low level. This is not the
PORTC I/O data latch.

CCPR1H CCPR1L

TMR1H TMR1L

Comparator
Q S

R

Output
Logic

Special Event Trigger

Set Flag bit CCP1IF
(PIR1<2>)

Match

RC2/CCP1

TRISC<2>
CCP1CON<3:0>

Mode Select
Output Enable

pin

Special event trigger will:
reset Timer1, but not set interrupt flag bit TMR1IF (PIR1<0>)
and set bit GO/DONE (ADCON0<2>).

Note: The special event trigger from the CCP1
and CCP2 modules will not set interrupt
flag bit TMR1IF (PIR1<0>).
DS39582C-page 66  2001-2013 Microchip Technology Inc.



PIC16F87XA
8.3 PWM Mode (PWM)

In Pulse Width Modulation mode, the CCPx pin
produces 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 “Setup
for PWM Operation”.

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
register. The PWM period can be calculated using the
following 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,
concatenated 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 following formula.

EQUATION 8-1:

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
“Timer2 Prescaler and Postscaler”) 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 )
bitsResolution =
 2001-2013 Microchip Technology Inc. DS39582C-page 67



PIC16F87XA
FIGURE 9-5: SPI MODE WAVEFORM (SLAVE MODE WITH CKE = 0)      

FIGURE 9-6: SPI MODE WAVEFORM (SLAVE MODE WITH CKE = 1)      
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SCK
(CKP = 0
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SDI

bit 7 bit 0
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SSPIF
Interrupt 
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FIGURE 9-10: I2C SLAVE MODE TIMING WITH SEN = 0 (RECEPTION, 10-BIT ADDRESS) 

S
D

A

S
C

L

S
S

P
IF

 

B
F

 (
S

S
P

S
TA

T
<

0
>

)

S
1

2
3

4
5

6
7

8
9

1
2

3
4

5
6

7
8

9
1

2
3

4
5

7
8

9
P

1
1

1
1

0
A

9
A

8
A

7
A

6
A

5
A

4
A

3
A

2
A

1
A

0
D

7
D

6
D

5
D

4
D

3
D

1
D

0

R
e

ce
iv

e 
D

a
ta

 B
yt

e

A
C

K

R
/W

 =
 0 A
C

K

R
ec

ei
ve

 F
irs

t 
B

yt
e 

of
 A

d
dr

es
s

C
le

a
re

d 
in

 s
o

ftw
a

re

D
2

6

(P
IR

1
<

3
>

) 

C
le

a
re

d
 in

 s
of

tw
ar

e

R
e

ce
iv

e 
S

ec
o

n
d

 B
yt

e
 o

f 
A

d
d

re
ss

C
le

a
re

d 
b

y 
h

a
rd

w
a

re
w

he
n

 S
S

P
A

D
D

 is
 u

p
d

a
te

d
w

ith
 lo

w
 b

yt
e

 o
f 

a
d

dr
e

ss

U
A

 (
S

S
P

S
TA

T
<

1
>

)

C
lo

ck
 is

 h
e

ld
 lo

w
 u

n
til

u
p

d
a

te
 o

f 
S

S
P

A
D

D
 h

a
s 

ta
ke

n
 p

la
ce

U
A

 is
 s

et
 in

di
ca

tin
g

 t
ha

t
th

e
 S

S
P

A
D

D
 n

e
e

ds
 t

o
 b

e
u

p
d

at
e

d

U
A

 is
 s

e
t i

nd
ic

a
tin

g
 th

a
t

S
S

P
A

D
D

 n
e

e
ds

 t
o

 b
e

up
d

a
te

d

C
le

ar
e

d
 b

y 
h

a
rd

w
a

re
 w

h
e

n
S

S
P

A
D

D
 is

 u
p

d
at

e
d

 w
ith

 h
ig

h
by

te
 o

f a
d

d
re

ss

S
S

P
B

U
F

 is
 w

ri
tte

n 
w

ith
co

n
te

nt
s 

of
 S

S
P

S
R

D
um

m
y 

re
a

d 
o

f 
S

S
P

B
U

F
to

 c
le

ar
 B

F
 f

la
g

A
C

K

C
K

P

1
2

3
4

5
7

8
9

D
7

D
6

D
5

D
4

D
3

D
1

D
0

R
e

ce
iv

e
 D

at
a 

B
yt

e

B
us

 m
a

st
er

te
rm

in
a

te
s

tr
a

ns
fe

r

D
2

6

A
C

K

C
le

a
re

d
 in

 s
o

ftw
a

re
C

le
a

re
d

 in
 s

o
ftw

a
re

S
S

P
O

V
 (

S
S

P
C

O
N

<
6>

)

S
S

P
O

V
 is

 s
et

b
e

ca
u

se
 S

S
P

B
U

F
 is

st
ill

 fu
ll.

 A
C

K
 is

 n
ot

 s
e

n
t.

(C
K

P
 d

oe
s 

n
o

t r
e

se
t t

o
 ‘0

’ w
h

e
n

 S
E

N
 =

 0
)

C
lo

ck
 is

 h
e

ld
 lo

w
 u

n
til

u
p

d
at

e
 o

f S
S

P
A

D
D

 h
a

s 
ta

ke
n

 p
la

ce
DS39582C-page 88  2001-2013 Microchip Technology Inc.



PIC16F87XA
NOTES:
DS39582C-page 110  2001-2013 Microchip Technology Inc.



PIC16F87XA
11.0 ANALOG-TO-DIGITAL 
CONVERTER (A/D) MODULE

The Analog-to-Digital (A/D) Converter module has five
inputs for the 28-pin devices and eight for the 40/44-pin
devices.

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

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

The A/D module has four registers. These registers are:

• A/D Result High Register (ADRESH)

• A/D Result Low Register (ADRESL)

• A/D Control Register 0 (ADCON0)

• A/D Control Register 1 (ADCON1)

The ADCON0 register, shown in Register 11-1, con-
trols the operation of the A/D module. The ADCON1
register, shown in Register 11-2, configures the func-
tions of the port pins. The port pins can be configured
as analog inputs (RA3 can also be the voltage
reference) or as digital I/O.

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

REGISTER 11-1: ADCON0 REGISTER (ADDRESS 1Fh)                  
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 U-0 R/W-0

ADCS1 ADCS0 CHS2 CHS1 CHS0 GO/DONE — ADON

bit 7 bit 0

bit 7-6 ADCS1:ADCS0: A/D Conversion Clock Select bits (ADCON0 bits in bold)

bit 5-3 CHS2:CHS0: Analog Channel Select bits
000 = Channel 0 (AN0)   
001 = Channel 1 (AN1)   
010 = Channel 2 (AN2)   
011 = Channel 3 (AN3)   
100 = Channel 4 (AN4)   
101 = Channel 5 (AN5)   
110 = Channel 6 (AN6)   
111 = Channel 7 (AN7)    

Note: The PIC16F873A/876A devices only implement A/D channels 0 through 4; the
unimplemented selections are reserved. Do not select any unimplemented
channels with these devices.

bit 2 GO/DONE: A/D Conversion Status bit

When ADON = 1: 
1 = A/D conversion in progress (setting this bit starts the A/D conversion which is automatically

cleared by hardware when the A/D conversion is complete)
0 = A/D conversion not in progress 

bit 1 Unimplemented: Read as ‘0’
bit 0 ADON: A/D On bit

1 = A/D converter module is powered up 
0 = A/D converter module is shut-off and consumes no operating current 

Legend:

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

- n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

ADCON1
<ADCS2>

ADCON0
<ADCS1:ADCS0>

Clock Conversion

0 00 FOSC/2
0 01 FOSC/8
0 10 FOSC/32
0 11 FRC (clock derived from the internal A/D RC oscillator)
1 00 FOSC/4
1 01 FOSC/16
1 10 FOSC/64
1 11 FRC (clock derived from the internal A/D RC oscillator)
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11.4 A/D Conversions   

Clearing the GO/DONE bit during a conversion will
abort the current conversion. The A/D Result register
pair will NOT be updated with the partially completed
A/D conversion sample. That is, the ADRESH:ADRESL
registers will continue to contain the value of the last
completed conversion (or the last value written to the
ADRESH:ADRESL registers). After the A/D conversion

is aborted, the next acquisition on the selected channel
is automatically started. The GO/DONE bit can then be
set to start the conversion.

In Figure 11-3, after the GO bit is set, the first time
segment has a minimum of TCY and a maximum of TAD.       

 

FIGURE 11-3: A/D CONVERSION TAD CYCLES 

11.4.1 A/D RESULT REGISTERS

The ADRESH:ADRESL register pair is the location
where the 10-bit A/D result is loaded at the completion
of the A/D conversion. This register pair is 16 bits wide.
The A/D module gives the flexibility to left or right justify
the 10-bit result in the 16-bit result register. The A/D

Format Select bit (ADFM) controls this justification.
Figure 11-4 shows the operation of the A/D result
justification. The extra bits are loaded with ‘0’s. When
an A/D result will not overwrite these locations (A/D dis-
able), these registers may be used as two general
purpose 8-bit registers.

FIGURE 11-4: A/D RESULT JUSTIFICATION      

Note: The GO/DONE bit should NOT be set in
the same instruction that turns on the A/D.

TAD1 TAD2 TAD3 TAD4 TAD5 TAD6 TAD7 TAD8 TAD9

Set GO bit 

Holding capacitor is disconnected from analog input (typically 100 ns) 

b9 b8 b7 b6 b5 b4 b3 b2

TAD10 TAD11

b1 b0

TCY to TAD

Conversion starts 

ADRES is loaded
GO bit is cleared
ADIF bit is set
Holding capacitor is connected to analog input

10-bit Result

ADRESH ADRESL

0000 00

ADFM = 0

02 1 0 77

10-bit Result

ADRESH ADRESL

10-bit Result

0000 00

7 0 7 6 5 0

ADFM = 1

Right Justified Left Justified
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12.1 Comparator Configuration

There are eight modes of operation for the compara-
tors. The CMCON register is used to select these
modes. Figure 12-1 shows the eight possible modes.
The TRISA register controls the data direction of the
comparator pins for each mode. If the Comparator

mode is changed, the comparator output level may not
be valid for the specified mode change delay shown in
Section 17.0 “Electrical Characteristics”. 

FIGURE 12-1: COMPARATOR I/O OPERATING MODES      

Note: Comparator interrupts should be disabled
during a Comparator mode change.
Otherwise, a false interrupt may occur.

C1
RA0/AN0

VIN-

VIN+RA3/AN3
Off (Read as ‘0’)

Comparators Reset

A

A

CM2:CM0 = 000

C2
RA1/AN1

VIN-

VIN+RA2/AN2
Off (Read as ‘0’)

A

A

C1
RA0/AN0

VIN-

VIN+RA3/AN3
C1OUT

Two Independent Comparators

A

A

CM2:CM0 = 010

C2
RA1/AN1

VIN-

VIN+RA2/AN2
C2OUT

A

A

C1
RA0/AN0

VIN-

VIN+RA3/AN3
C1OUT

Two Common Reference Comparators

A

A

CM2:CM0 = 100

C2
RA1/AN1

VIN-

VIN+RA2/AN2
C2OUT

A

D

C2
RA1/AN1

VIN-

VIN+RA2/AN2
Off (Read as ‘0’)

One Independent Comparator with Output

D

D

CM2:CM0 = 001

C1
RA0/AN0

VIN-

VIN+RA3/AN3
C1OUT

A

A

C1
RA0/AN0

VIN-

VIN+RA3/AN3
Off (Read as ‘0’)

Comparators Off   (POR Default Value)

D

D

CM2:CM0 = 111

C2
RA1/AN1

VIN-

VIN+RA2/AN2
Off (Read as ‘0’)

D

D

C1

RA0/AN0 VIN-

VIN+
RA3/AN3 C1OUT

Four Inputs Multiplexed to Two Comparators

A

A

CM2:CM0 = 110

C2

RA1/AN1 VIN-

VIN+
RA2/AN2 C2OUT

A

A

From Comparator 

CIS = 0
CIS = 1

CIS = 0
CIS = 1

C1
RA0/AN0

VIN-

VIN+RA3/AN3
C1OUT

Two Common Reference Comparators with Outputs

A

A

CM2:CM0 = 101

C2
RA1/AN1

VIN-

VIN+RA2/AN2
C2OUT

A

D

A = Analog Input, port reads zeros always.   D = Digital Input.   CIS (CMCON<3>) is the Comparator Input Switch.

CVREF

C1
RA0/AN0

VIN-

VIN+RA3/AN3
C1OUT

Two Independent Comparators with Outputs

A

A

CM2:CM0 = 011

C2
RA1/AN1

VIN-

VIN+RA2/AN2
C2OUT

A

A

RA4/T0CKI/C1OUT

RA5/AN4/SS/C2OUT

RA4/T0CKI/C1OUT

RA5/AN4/SS/C2OUT

RA4/T0CKI/C1OUT

VREF Module
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FIGURE 14-7: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD): CASE 1       

FIGURE 14-8: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD): CASE 2    

FIGURE 14-9: SLOW RISE TIME (MCLR TIED TO VDD VIA RC NETWORK)      

TPWRT

TOST

VDD

MCLR

Internal POR

PWRT Time-out

OST Time-out

Internal Reset

VDD

MCLR

Internal POR

PWRT Time-out

OST Time-out

Internal Reset

TPWRT

TOST

VDD

MCLR

Internal POR

PWRT Time-out

OST Time-out

Internal Reset

0V 1V

5V

TPWRT

TOST
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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 
immediate 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)
1  Z

Status Affected: Z

Description: The contents of register ‘f’ are 
cleared and the Z bit is set.

CLRW Clear W

Syntax: [ label ]   CLRW

Operands: None

Operation: 00h  (W)
1  Z

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,
1  TO
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    f,d

Operands: 0  f  127
d  [0,1]

Operation: (f)  (destination)

Status Affected: Z

Description: The contents of register ‘f’ are 
complemented. If ‘d’ is ‘0’, 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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17.2 DC Characteristics: PIC16F873A/874A/876A/877A (Industrial, Extended)
PIC16LF873A/874A/876A/877A (Industrial)

DC CHARACTERISTICS

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

-40°C  TA  +125°C for extended
Operating voltage VDD range as described in DC specification 
(Section 17.1) 

Param
No.

Sym Characteristic Min Typ† Max Units Conditions

VIL Input Low Voltage

I/O ports:

D030 with TTL buffer VSS — 0.15 VDD V For entire VDD range

D030A VSS — 0.8V V 4.5V  VDD 5.5V

D031 with Schmitt Trigger buffer VSS — 0.2 VDD V

D032 MCLR, OSC1 (in RC mode) VSS — 0.2 VDD V

D033 OSC1 (in XT and LP modes) VSS — 0.3V V (Note 1)

OSC1 (in HS mode) VSS — 0.3 VDD V

Ports RC3 and RC4: —

D034 with Schmitt Trigger buffer VSS — 0.3 VDD V For entire VDD range

D034A with SMBus -0.5 — 0.6 V For VDD = 4.5 to 5.5V

VIH Input High Voltage

I/O ports: —

D040 with TTL buffer 2.0 — VDD V 4.5V  VDD 5.5V

D040A 0.25 VDD 
+ 0.8V

— VDD V For entire VDD range

D041 with Schmitt Trigger buffer 0.8 VDD — VDD V For entire VDD range

D042 MCLR 0.8 VDD — VDD V

D042A OSC1 (in XT and LP modes) 1.6V — VDD V (Note 1)

OSC1 (in HS mode) 0.7 VDD — VDD V

D043 OSC1 (in RC mode) 0.9 VDD — VDD V

Ports RC3 and RC4:

D044 with Schmitt Trigger buffer 0.7 VDD — VDD V For entire VDD range

D044A with SMBus 1.4 — 5.5 V For VDD = 4.5 to 5.5V

D070 IPURB PORTB Weak Pull-up Current 50 250 400 A VDD = 5V, VPIN = VSS, 
-40°C TO +85°C

IIL Input Leakage Current(2, 3)

D060 I/O ports — — 1 A VSS VPIN VDD, 
pin at high-impedance

D061 MCLR, RA4/T0CKI — — 5 A VSS VPIN VDD

D063 OSC1 — — 5 A VSS VPIN VDD, XT, HS 
and LP osc configuration

* 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/CLKI pin is a Schmitt Trigger input. It is not recommended that the 
PIC16F87XA 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.
DS39582C-page 178  2001-2013 Microchip Technology Inc.



PIC16F87XA
FIGURE 18-5: TYPICAL IDD vs. FOSC OVER VDD (LP MODE)

FIGURE 18-6: MAXIMUM IDD vs. FOSC OVER VDD (LP MODE)

0

10

20

30

40

50

60

70

20 30 40 50 60 70 80 90 100

FOSC (kHz)

ID
D

 (
u

A
)

2.0V

2.5V

3.0V

3.5V

4.0V

4.5V

5.0V

5.5V

Typical: statistical mean @ 25°C
Maximum: mean + 3 (-40°C to +125°C) 
Minimum: mean – 3 (-40°C to +125°C)

0

20

40

60

80

100

120

20 30 40 50 60 70 80 90 100

FOSC (kHz)

ID
D

 (
u

A
)

2.0V

2.5V

3.0V

3.5V

4.0V

4.5V

5.0V

5.5VTypical: statistical mean @ 25°C
Maximum: mean + 3 (-40°C to +125°C) 
Minimum: mean – 3 (-40°C to +125°C)
 2001-2013 Microchip Technology Inc. DS39582C-page 199



PIC16F87XA
FIGURE 18-13: IBOR vs. VDD OVER TEMPERATURE

FIGURE 18-14: TYPICAL, MINIMUM AND MAXIMUM WDT PERIOD vs. VDD (-40C TO +125C)
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40-Lead Plastic Dual In-line (P) – 600 mil (PDIP)

1510515105Mold Draft Angle Bottom

1510515105Mold Draft Angle Top

17.2716.5115.75.680.650.620eBOverall Row Spacing §

0.560.460.36.022.018.014BLower Lead Width

1.781.270.76.070.050.030B1Upper Lead Width

0.380.290.20.015.012.008cLead Thickness

3.433.303.05.135.130.120LTip to Seating Plane

52.4552.2651.942.0652.0582.045DOverall Length

14.2213.8413.46.560.545.530E1Molded Package Width

15.8815.2415.11.625.600.595EShoulder to Shoulder Width

0.38.015A1Base to Seating Plane

4.063.813.56.160.150.140A2Molded Package Thickness

4.834.454.06.190.175.160ATop to Seating Plane

2.54.100pPitch

4040nNumber of Pins

MAXNOMMINMAXNOMMINDimension Limits

MILLIMETERSINCHES*Units

A2

1
2

D

n

E1

c



eB

E



p

L

B

B1

A

A1

* 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-011
Drawing No. C04-016

§ 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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44-Lead Plastic Thin Quad Flatpack (PT) 10x10x1 mm Body, 1.0/0.10 mm Lead Form (TQFP)

* Controlling Parameter

Notes:
Dimensions D1 and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 
.010” (0.254mm) per side.
JEDEC Equivalent:  MS-026
Drawing No. C04-076

1.140.890.64.045.035.025CHPin 1 Corner Chamfer

1.00.039(F)Footprint (Reference)

(F)

A

A1 A2



E

E1

#leads=n1

p

B

D1 D

n

1
2



c


L

Units INCHES MILLIMETERS*

Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 44 44

Pitch p .031 0.80

Overall Height A .039 .043 .047 1.00 1.10 1.20

Molded Package Thickness A2 .037 .039 .041 0.95 1.00 1.05

Standoff § A1 .002 .004 .006 0.05 0.10 0.15

Foot Length L .018 .024 .030 0.45 0.60 0.75

Foot Angle  0 3.5 7 0 3.5 7

Overall Width E .463 .472 .482 11.75 12.00 12.25

Overall Length D .463 .472 .482 11.75 12.00 12.25

Molded Package Width E1 .390 .394 .398 9.90 10.00 10.10

Molded Package Length D1 .390 .394 .398 9.90 10.00 10.10

Pins per Side n1 11 11

Lead Thickness c .004 .006 .008 0.09 0.15 0.20

Lead Width B .012 .015 .017 0.30 0.38 0.44

Mold Draft Angle Top  5 10 15 5 10 15

Mold Draft Angle Bottom  5 10 15 5 10 15

CH x 45 

§ 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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Special Function Registers ................................................ 19
Special Function Registers (SFRs) .................................... 19
Speed, Operating ................................................................. 1
SPI Mode ..................................................................... 71, 77

Associated Registers ................................................. 79
Bus Mode Compatibility ............................................. 79
Effects of a Reset ....................................................... 79
Enabling SPI I/O ......................................................... 75
Master Mode .............................................................. 76
Master/Slave Connection ........................................... 75
Serial Clock ................................................................ 71
Serial Data In ............................................................. 71
Serial Data Out ........................................................... 71
Slave Select ............................................................... 71
Slave Select Synchronization ..................................... 77
Sleep Operation ......................................................... 79
SPI Clock ................................................................... 76
Typical Connection ..................................................... 75

SPI Mode Requirements .................................................. 190
SS ...................................................................................... 71
SSP

SPI Master/Slave Connection .................................... 75
SSPADD Register .............................................................. 20
SSPBUF Register .............................................................. 19
SSPCON Register .............................................................. 19
SSPCON2 Register ............................................................ 20
SSPIF ................................................................................. 26
SSPOV ............................................................................. 101
SSPSTAT Register ............................................................ 20

R/W Bit ................................................................. 84, 85
Stack .................................................................................. 30

Overflows ................................................................... 30
Underflow ................................................................... 30

Status Register
C Bit ........................................................................... 22
DC Bit ......................................................................... 22
IRP Bit ........................................................................ 22
PD Bit ................................................................. 22, 147
RP1:RP0 Bits ............................................................. 22
TO Bit ................................................................. 22, 147
Z Bit ............................................................................ 22

Synchronous Master Reception
Associated Registers ............................................... 123

Synchronous Master Transmission
Associated Registers ............................................... 122

Synchronous Serial Port Interrupt ...................................... 26
Synchronous Slave Reception

Associated Registers ............................................... 125
Synchronous Slave Transmission

Associated Registers ............................................... 125

T
T1CKPS0 Bit ...................................................................... 57
T1CKPS1 Bit ...................................................................... 57
T1CON Register ................................................................. 19
T1OSCEN Bit ..................................................................... 57
T1SYNC Bit ........................................................................ 57
T2CKPS0 Bit ...................................................................... 61
T2CKPS1 Bit ...................................................................... 61
T2CON Register ................................................................. 19
TAD ................................................................................... 131
Time-out Sequence .......................................................... 148

Timer0 ................................................................................ 53
Associated Registers ................................................. 55
Clock Source Edge Select (T0SE Bit) ....................... 23
Clock Source Select (T0CS Bit) ................................. 23
External Clock ............................................................ 54
Interrupt ..................................................................... 53
Overflow Enable (TMR0IE Bit) ................................... 24
Overflow Flag (TMR0IF Bit) ................................24, 154
Overflow Interrupt .................................................... 154
Prescaler .................................................................... 54
T0CKI ......................................................................... 54

Timer0 and Timer1 External Clock Requirements ........... 185
Timer1 ................................................................................ 57

Associated Registers ................................................. 60
Asynchronous Counter Mode .................................... 59

Reading and Writing to ...................................... 59
Counter Operation ..................................................... 58
Operation in Timer Mode ........................................... 58
Oscillator .................................................................... 59

Capacitor Selection ............................................ 59
Prescaler .................................................................... 60
Resetting of Timer1 Registers ................................... 60
Resetting Timer1 Using a CCP Trigger Output ......... 59
Synchronized Counter Mode ..................................... 58
TMR1H ...................................................................... 59
TMR1L ....................................................................... 59

Timer2 ................................................................................ 61
Associated Registers ................................................. 62
Output ........................................................................ 62
Postscaler .................................................................. 61
Prescaler .................................................................... 61
Prescaler and Postscaler ........................................... 62

Timing Diagrams
A/D Conversion ........................................................ 195
Acknowledge Sequence .......................................... 104
Asynchronous Master Transmission ........................ 116
Asynchronous Master Transmission 

(Back to Back) ................................................. 116
Asynchronous Reception ......................................... 118
Asynchronous Reception with 

Address Byte First ........................................... 120
Asynchronous Reception with 

Address Detect ................................................ 120
Baud Rate Generator with Clock Arbitration .............. 98
BRG Reset Due to SDA Arbitration During 

Start Condition ................................................. 107
Brown-out Reset ...................................................... 184
Bus Collision During a Repeated 

Start Condition (Case 1) .................................. 108
Bus Collision During Repeated 

Start Condition (Case 2) .................................. 108
Bus Collision During Start Condition 

(SCL = 0) ......................................................... 107
Bus Collision During Start Condition 

(SDA Only) ....................................................... 106
Bus Collision During Stop Condition 

(Case 1) ........................................................... 109
Bus Collision During Stop Condition 

(Case 2) ........................................................... 109
Bus Collision for Transmit and Acknowledge .......... 105
Capture/Compare/PWM (CCP1 and CCP2) ............ 186
CLKO and I/O .......................................................... 183
Clock Synchronization ............................................... 91
External Clock .......................................................... 182
First Start Bit .............................................................. 99
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