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ABSTRACT

The present work concentrates on the optimize control of home appliances like fan, lamp, heater
etc. The control is based on the room temperature and the number of persons present in a room.
The room temperature is sensed by LM35 and the number of persons present is determined by a
counter circuit, both interfaced with PIC microcontroller .The control logic for controlling the
output based on the inputs is specified by fuzzy logic implemented in MATLAB environment.
A provision for monitoring the sensor or counter inputs is done on a window created in Visual
C# software. The logic is specified for each and every input being fed to the microcontroller and
accordingly the user can control the output like speed of the fan, heater temperature etc. manually
from another window for output control designed in visual C#.
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CHAPTER 1

INTRODUCTION
1.1 INTRODUCTION ABOUT THE PROJ ECT

As the world is moving towards rapid modernization in the twenty first century, the
demand for electricity has become a never ending phenomena. Consequently the world
is facing a severe crisis of electricity. In this context, we have planned to develop a system
which can optimize the household as well as the commercial consumption of electricity.
Sometimes it is seen that in living rooms as well as in offices and in commercial
establishments, the wastage of energy is inevitable in conditions when all the electrical
equipment’s are running continuously and that too at the full speed in the absence of or
presence of less numbers of persons in the room. We can optimize this usage of
electricity to a great extent and help in saving power. This data acquisition and control
system is based on fuzzy logic.

Fuzzy Logic Controllers are generally implemented on MICrOProcessors ‘and
microcontrollers which offer a smooth design surface. Fuzzy logic concept comes from
the establishments that the Boolean variable is not designed for the representation of the
majority of the current phenomenon. While, the classic logic considers a statement as
true or false, the fuzzy logic considers many cases between 0 and 1. The fuzzy logic has
proved its superiority in complex systems control containing non-linearity and including
human description or intuitive think.

In our project we have obtained a set of database for controlling the electrical appliances
like fan based on input conditions like number of persons in the room and the room
temperature. The database is prepared by implementing fuzzy logic in MATLAB
software for a given set of inputs or membership functions and the relationship with the
outputs. We have designed a system based on PIC microcontroller and Visual C# 1o
interface the inputs obtained from the sensors with a serial PC, so that an operator can
view the inputs in the PC screen. The inputs about the number of persons present in a
room is acquired by using a LED-LDR based circuit and the temperature of the room is
sensed by using a LM35 temperature sensor based circuit, both interface with PIC258.
Further, a separate window is created by using Visual C#, which will enable the operator

to control the appliances based on the database obtained from the fuzzy logic controller.




1.2 OBJECTIVE OF THE PROJECT

1) We de;.felt}p-cd a window by visual C# software to acquire the room temperature
by interfacing LM35 with PIC Microcontroller.

2) Counter circuit is interfaced with a PIC Microcontroller and the number of
persons entered and exit in a room is shown in the window.

3) We developed another window for controlling the speed of fan.

4) We developed a fuzzy logic by using MATLAB software. By using those logic
we control the speed of fan.

5) The controlling section includes DAC through which it is easier to control the

home appliances by a computer window.

1.3 LITERARY REVIEW

We have reviewed from many papers about the fuzzy logic based controller. Studying
those paper we came through our designing of project. we have observed that some
redundancies exist in the usage of motion, force and flow sensors and that could
be controlled by reducing the number of sensor nodes to minimize the electrical load and
cost [1].Based on a simple and fast learning algorithm that emulates the human learning
process, the fuzzy controller self-adapts its control surface at a rate of 150 updates per
second. The present implementation was based on the inexpensive and standard 8-bit
microcontroller Intel 8031, which makes the self-learmning fuzzy controller very cost
effective [2]. With the help of fuzzy logic, manufacturers of home appliances are today
embedding intelligence inside individual products. The application of fussy logic has also
transformed industrial process control and enabled new product development strategies
[2]. An implementation of this artificial intelligent based controller under the
MATLAB/SIMULINK development environment is shown. It consists of functions that
upgrade MATLAB/SIMULINK to a tool with hardware[3]




CHAPTER 2

BACKGROUND THEORY

Fuzzy logic control is a methodology bridging artificial intelligence and traditional
control theory. This methodology is usually applied in the only cases when accuracy 15
not of high necessity or importance. On the other hand, as it is stated in (T1 SPRAO2S,

Jan.1993), “Fuzzy Logic can address complex control problems, such as robotic arm

movement, chemical or manufacturing process control, antiskid braking systems or

automobile transmission control with more precision and accuracy, in many cases, than
traditional control techniques. Fuzzy Logic is a methodology for expressing operational
laws of a system in linguistic terms instead of mathematical equations.”

The Fuzzy Logic methodology (Yager & Zadeh, 1992: Khir & Yuan, 1996) compnses

three phases:

1. The fuzzification is a transformation of analog (continuous) input variables to
linguistic ones, e.g., transformation of temperature into the terms cool, warm, hot or
trans-formation of speed into the terms negative big (NB), negative small (NS), zero
(Z)", positive small (PS), positive big (PB). Such transformation is realized by
introduction of so-called membership functions, which define both a range of value
and a degree of membership. For linguistic variables it is important not only which
membership function a variable belongs to, but also a relative degree (weight) to
which it is a member. A variable can have a weighted membership in several
membership functions at the same time.

2. The fuzzy inference maps input linguistic variables onto output linguistic variables on
the base a system of fuzzy rules of the type “IF A THEN B” For instance: “IF the
temperature is worm THEN the speed is Positive Small (PS)” or “IF the speed is
Negative Big (NB) THEN force is ZERO”. Since input linguistic variables are
weighted, the output linguistic variables can be obtained weighted as well. Traditional
fuzzy logic approach comprises Mamdani- type and Sugeno-type inference methods.
The Mamdani-type method is more intuitive and assumes the output variables as a
fuzzy set. Fuzzy rules in it contain a fuzzy precondition part (after IF) and a fuzzy
consequence part (after THEN). The Sugeno-type method expects the output variables
to be singletons or dealing with consequents that are equations, So it is better suited

for mathematical analysis, nonlinear system modeling and interpolation.



In the defuzzification phase, the weighted values of output linguistic variables
obtained as a result of fuzzy inference have to be transformed to analogue (continuous)
variables. This procedure is also based on membership functions, The maximum
defuzzification method, wherein an output value is determined by the linguistic
variable with the maximum weight. The centroid calculation defuzzification method,
wherein an output value is determined by the weighted influence of all the active
output membership functions.

As a rule, or at least in a great part of applications, a fuzzy controller is a transformer
of input analog signals into an analog output signal. A linguistic variable is a
subjective characteristic of an input analog variable, values of which are transformed
on bases of given membership functions into a set of weighted values of corresponding
linguistic variables. This procedure is called a fuzzification and it contains as its
composite part the analog digital transformation.

A set of combinations of weighted linguistic variables corresponds to each value
combination of input analog variables. On bases of a system of fuzzy inference rules
it is possible to receive the set of weighted output linguistic variables. Using these
variables and their membership functions, with help of one of well-known
defuzzification methods it is possible to form values of the analog output variable.
The defuzzification procedure also includes digital-analog transformation




CHAPTER 3
EXPERIMENTAL STUDY

3.1 HARDWARE DESIGN

3.1.1 BLOCK DIAGRAM OF THE PROJECT

,% M35 - -
| CONTROL
COUNTER

MICRO- DAL DAL FAN
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_f\_T |
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Figure 3.1: Block dingram of project

The above block diagram shows our total scheme of the project. Temperature sensor
LM35 is interfaced with microcontroller to sense the room temperature and the counter
circuit is also interfaced with it to detect the number of person entered in a room. The
controlling part of our project comprises of DAC, control circuit and fuzzy logic. The
temperature value and the number of person in a room will be monitored continuously
on a computer window created by Visual C# The fuzzy logic and Visual C# will be
explained in the later sub headings. The values will be transferred serially through
MAX232 and RS232. Through the logic implemented by fuzzy control we will then

control the output manually by the computer window.




3.1.2 CIRCUIT DIAGRAM OF THE PROJECT

Figure 3.2: Circunt dingram of project

Here we used the sensor (LM335) which is connected to the analog pin of PIC16F877A.
There is an inbuilt ADC in PIC which convérts the analog input to the digital. The UART
pin of PIC is connected to the MAX232 to send the data to the computer through RS232.
As the voltage level of PIC is not compatible with RS232, MAX232 is used. The data of
the sensor is sent serially to the computer. And the data can be seen in a window created
by Visual C#. The counter circuit is fetched to port E of microcontroller which counts
the number of persons entered in a room. The controlling is done by the windows which
send the signal back to the microcontroller and fetched to the DAC 0808 for controlling
purposes. The digital input from control window is then transformed into analog output
which is fetched to the TRIAC to control the speed of the AC fan or heater. The fuzzy
logic created in MATLAB is implemented to microcontroller through which we can

control the output.
3.1.3 CODE WRIITEN IN MIKROC FOR DAQ, CONTROL AND COUNTER

void newline() |
UART1 write(13);
UART1 write( 10).}




al

char txt [20];
float x.y;
char vart_rd:
void main() {
UART]1 _init(9600); //initializing the UART pin to baud rate 9600
UART 1 write_text("temperature =");
newline();
newline(),
while(1) {
x=adc read(0); // reading the analog nput
y=(x*500)/1024; // converting the LM35 value to degree celsius
floattostr(y,txt);
delay ms(10000);
newline();
char uart rd ; // for controlling the output
void main() {
TRISB=0;/selecting port b as output which will be fed to DAC
PORTB=0,
TRISE.FO=1; // counter input (entry)
TRISE.F1=1; // counter input (exit)
UART_init(9600);
delay_ms(100) ;
while(1)
{
if (UARTI_Data_Ready{}) { // data recieved by window to control
part_rd=UART1_READ();
if (vart_rd="a") { PORTB=0x00; ;}
if (uart_rd='b") {PORTB=0x01:}
if (uart_rd=='c') {PORTB=0x02;}
if (vart_rd="'d") {PORTB=0x14;}
if (uart_rd="¢") {PORTB=0x26;}
if (vart_rd="T") {PORTB=0x48,}
if (uart_rd=="g) {PORTB=0x5A;}




if (vart_rd=="h") {PORTB=0x7C;}

if (uart_rd=="") {PORTB=0xTE.}

if (vart_rd== ') {PORTB=0xAF;}

if (uart_rd="K") {PORTB=0xFF;}

1
if (PORTE.FO==1)

{i=it+;

delay_ms(100);
UART1 Write((1/10)+0x30); // entry counter values in VC#
UART1_Write((i%10)+0x30);

newline();

delay_ms(500); }

if (PORTE.F1=1)

fi=i—;

delay ms(100);

UART1 Write((i/10y+0x30); // exit counter values in VC#
UART1 Write((i%10)+0x30);

newline();

delay _ms(100),
) ]

1
3.2 SOFTWARE DESIGN

3.2.1 DESIGN OF WINDOWS IN VISUAL C#

C# (pronounced "C sharp") is a programming language that is designed for
building a variety of applications that run on the NET Framework. C# 1s simple,
powerful, type-safe, and object-oriented. The many innovations in C# enable rapid
application development while refaining the expressiveness and elegance of C-style
languages. Visual C# is an implementation of the C# language by Microsoft. Visual
Studio supports Visual C# with a full-featured code editor, compiler, project templates,
designers, code wizards, a powerful and easy-to-use debugger, and other tools. The NET
Framework class library provides access to many operating system services and other

useful, well-designed classes that speed up the development cycle significantly.




We created a window using Visual C# where we can see the output of the sensors and

various process parameters. Figure 3.3 shows the operating window for monitoring

temperature of the process parameters

Figure 3.3: Operating wirslow for monitoring process variable
We also created a control window by the software Visual C#. This window consists of

several button to control the speed of ceiling fan. The control logic will be provided by
fuzzy logic which will be described later.

Figure 3.4: Control window for eontrolling the speed of fan




3.2.1.1 CODE FOR CREATING DAQ WINDOW

Code of search button:
string[] ports = SenalPort. GetPortNames( );
foreach (string port in ports)
{comboBox 1 .Items. Add(ports):
1
Code for read button:
t= comboBox1.Text. ToString();
sErial(t),
Code for receiving data:
SerialPort sp;
void sEnal(string Port_name)
{sp = new SerialPort(Port_name, 9600 Parity . None, 8, StopBits.One),

sp.DataReceived+=new
SerialDataReceivedEventHandler{DataReceivedHandler);

sp.Open();
}
ReceivedHandler{object sender,SerialDataReceivedEventArgs e)
{
SerialPort sp = (SerialPort)sender;
string w = sp.ReadLine();
/lstring msg = sp. readExisting();
if (w != String. Empty)
{
Invoke(new Action(() == richTextBox 1. AppendText(w))); }

3.2.1.2 CODE FOR. CREATING CONTROLLING WINDOW

SerialPort port = new SerialPort("COMI1", 9600, Parity None, 8, StopBits.One);
public Form1()

{
InitializeComponent();

}

private void buttonl_Click(object sender, FveniAres e)
I
port.Open();

10



port. Write("a");
port.Close().

private void button2_Click(object sender, EventArgs e)
{

port.Open();

port Write("b");

port.Close();

private void button3_Click(object sender, EventArgs e)

{
port.Open();
port. Write("c");
port.Close(),
!
private void button5_Click(object sender, EventArgs e)
{
port.Open();
port. Write("g"),
port.Close();

private void button6_Click(object sender, EventArgs e)
{ ;
port.Open(),
port. Write("d");
port.Close();
}
private void button9_Click(object sender, EventArgs e)
{
port.Open();
port. Write("e");
port.Close();

private void button10_Click(object sender, EventArgs €)

port.Open();
port. Write("f"),
port.Close();

private void buttond_Click(object sender, EventArgs e) -

{

port.Open();

port. Write("h"),

port.Close(),

}

private void button8_Click(object sender, EventArgs e)
{

port.Open().

port.Write("i");

port.Close( ),

{

11



private void button7_Click(object sender, FventArgs e)
{

port.Open();

port. Write("j");

port.Close();

}
private void button11_Click(object sender, EventArgs €)

{

port.Open();

port Write("k");

}poIt,Clo&e{);

private void Form1_Load(object sender, EventArgs €)

{
|
1}

3.2.2 DESIGN OF FUZZY LOGIC IN MATLAB
A basic application might characterize various sub-ranges of a continuous variable. For
instance, a temperature measurement for anti-lock brakes might have several separate
membership functions defining particular temperature ranges needed to control the
brakes properly. Each function maps the same temperature value to a truth value in the 0
to 1 range. These truth values can then be used to determine how the brakes should be
'~ controlled. The below figure shows the editor panel where u can select the input and
output in MATLAB by just writing fuzzy in the front panel.

Figure 3. 5 Puzzy logic editor panel in MATLAD

- By clicking the input we can select the range of the input in which way we will control

the output. The below figure shows the input range chosen for our project. The nput

12




chosen here is the room temperature and accordingly we will control the fan. The

temperature range we chosen is up to 0-45
Iuenhnﬁp mbership Function Editor: PROJECTH Lo EER)

] L

Figure 3.6: Selocting the tempersture values as input

Fig 3.7 shown below is another input given to the microcontroller i.e. the number of
persons in aroom. By selecting the appropriate range we will next select the output range.
The range of the number of person we chosen for our project is up to 0-30

Figure 3.7: Selecting the eounter valises a3 g
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The output range is then selected by clicking into the output. In our project we selected
the output as a speed of fan according to the input received by a microcontroller. Fig 3.8
shows the selection of output and its range. The output range is up to 0-5 and it is the
output voltage by which we can control the speed of fan according to the logic or rules
created for each of the inputs provided

o .
mmm Pt points: | |
mr3 mia ; R

Figure 3.8; Cuipud rmge for controlling the speed of fan
The rules is then selected which is shown in fig 3.9 below. Accordingly we can control

the output using the logic we have made in the fuzzy control.

i

Figure 3 9 Rules window of fimgy controller m MATLADR

14




The output which to be selected can be viewed from window after creating a rules in

fuzzy logic. By creating those logic it is very simple to control the output for specific

input. The rules and the logic to control are as follows:

5

If the temperature is very low say between 0-20 and the number of
persons in a room in less then the speed of fan is low

If the temperature is low say above 20 -25 and the number of persons in
a room is also moderate say up to 3-7 persons in a room the fan will be
moving in an average speed

If the temperature is quite above low say in our logic we created it in the
range up to 25-30 and the persons in a room also higher then the speed of
the fan will be higher than the previous rule

If the temperature of the room is medium above 30-35 and the persons in
a room is above 15 then the fan will move in a full speed.

If the room temperature is higher above 35 degree centigrade and the
number of person more or less the fan will move on full speed

15



CHAPTER 4
RESULTS AND DISCUSSIONS

Figure 4.1: Dala sequired from the sensor LM335
The fig shown above is the result of data acquired from the temperature sensor LM35
interfaced with PIC16F877A. The data shown will be then used to control the output
manually. There is an option to select the ports by selecting the port connected to the

microcontroller we can acquired the sensor value.

Figure 4 2: Displaying the number of persons entered or exit

The counter circuit placed in the door will give us the number of persons entered or exit,
which will act as a second input for controlling the output. Above fig shows the window
in which the number of persons entered or exit. Accordingly we can use both the above

input according to fuzzy logic to control the speed of fan

16
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Fignure 4.3: Window of cutpud 1o be selected according to inpat

For each and every input there is output by seeing these we can control the speed of fan.
Thus finally we control the output by controlling window by the logic provided by the
fuzzy control designed in MATLAB. By using those two inputs interfaced with
microcontroller we can manually control the fan. The above figure shows the logic and
output for every input to be given to the microcontroller. This logic is created by giving
rules for both the inputs with respect to its output generated

Figure 4.4: Controlling the speed of fan mamully by using fuzzy logic

The controlling of motor is shown in the fig 4.3 by controlling window according to the
logic provided by the fuzzy control. Each and every button of the controlling window is
based on the logic created by fuzzy control. The logic shown in the window created by
fuzzy control leads us to the controlling of fan in various speed and thus the power 15

optimized to a great extent.

17




CHAPTER 5

CONCLUSION AND FUTURE CONCERN

5.1 CONCLUSION
By the use of fuzzy logic control along with manual control options using a controlling

window created in Visual C# we have been able to obtain the variable speed of the fan
according to the logic. The conventional method required the human interruption to
decide upon what should be the speed of the fan. In other words this situation analysis
ability has been incorporated in a room which makes the appliances much more optimize
and represents the decision taking power of the new arrangement. Though the analysis in
this project has been very basic, but this clearly depicts the advantage of adding the fuzzy
logic controller in controlling the speed of fan or other appliances.

52 FUTURE CONCERN
A more fully automatic control of speed of fan is straightforward to design using fuzzy

logic technology. Moreover, the design process mimics human intuition, which adds to
the ease of development, future maintenance and optimize the use of power. Although
this particular example controls only the speed of fan, the design process can be extended
without undue complications to other appliances such as AC, room heater etc. The

formulation and implementation of membership functions and rules is similar to that

shown for the controlling of fan speed.
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ROCHIP PIC16F87XA

28/40/44-Pin Enhanced Flash Microcontrollers

Included in this Data Sheet: Analog Features:
PIC1GFB73A « PIC16FBT6A + 10-bit, up to 8-channel Analog-to-Digital
ICIBFETAA « PIC16FBTTA Converter (A/D)
« Brown-out Reset (BOR)
rformance RISC CPU: . Analog Comparator module with:
| : . Two analog comparators
35 single-word instructions to leam  Programmable on-chip votage reference
instructions except for program (VREF) module
, which ars fwo-cycle _ Programmable input multiplexing from device
speed: DC — 20 MHz clock input inputs and internal voltage reference
DC ~ 200 ns insiruction cycle . Comparator outputs are externally accessible
1o 8K x 14 words of Flash Program Mamaory,
e : m 3%%”&%@ Special Microcontroller Features:
_ ible 1o other 28-pin or 40/44-pin . 100,000 erasehwrite cycle Enhanced Flash
~4BCXXX and PIC16F XXX microcontrollers program mermory typical
' « 1,000,000 erase/write cycle Data EEPROM
| Features: memory typical
: : « Data EEPROM Retention > 40 years
?::: Mfm&:xffm . Self-reprogrammable under software control

« In-Circuit Serial Programming ™ {ICSP™)
via two pins

+ Single-supply SV In-Circult Serial Programming

« Watchdog Timer (WDT) with its own on-chip RC
ascillator for reliable operation

- Programmable code protection

« Power saving Sleep mode

+ Salectable oscillator options

:'hwmmmew

mer2: 8-bit timer/counter with 8-bit period

sister, prescaler and postscaler

o Capture, Compare, PWM modules
Caplure is 16-bit, max. resolution is 12.5 ns
 Compare is 16-bil, max. resolution is 200 ns

PVWM max. resolution is 10-bit
mode) and 1°C™ (Master/Slave)
ronous Asynchronous Receiver CMOS Technology:
(USART/SCI) with 5-bit address « Low-power, high-speed FlashVEEPROM
technology
%%Nﬁﬂ (PSP) - 8 bits wide i‘“ « Fully static design
d:utm:um CS controls (40/44-pin only) . Wide operating voltage range (2.0V 1o 5.5V)
On circultey for . Commercial and Industrial temperature ranges
Reset (BOR) L
« Low-power consumption
Progre Weman: | ome: | ounid 10-bit | coP _— Ti
0- mars
¢ Single Word| SFAM " eq) | VO | A (ch) | (PWM) | gy | MESTE! USART | g9 it | COMPATators
Bypas Instructions P *c
72K 4008 5 = |ves| ves | Yes | 2 2
Al 7.2x 4096 192 128 [33| 8 2 |Yes| Yes | Yes 211 2
1a3k| 8182 68 | 296 |22| S 2 |ves| Yes | Yes 21 2
[ REELS 8192 366 266 | 33 8 | 2 |res| Yes | Yes 21 2
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C16F87XA

agrams

PDIP, SOIC, SSOP

(

metRver —= C*1 28] = RETPED
Aaniano =[] 2 27[] == rBSPGC
_ mavaM =—= ] 3 28] = RES
RA2ANZVRer Cvier =[] 4 é 2501 —= Re4
" RAMANIwRerr —[] & 24[ ] == RBIPGM
RasmockiciouT =[] 8 § n[] = rm2
REBNAESC2oUT — L] 7 2] == RA1
ves—=0] 8 = 21[] =—= RBOANT
oscriclk —=[] o b 2] =— voo
oscziciko =—[]10 - 18] =— vas
RCOTIOSQTICK! == []11 E 18[] == RCTRUDT
RCimiosveoPz —[12 17 ] == RCETXICK
Re2iCoP1 =—=[]13 16[] = RCHSDO
RCYSCK/SCL =—[]14 15[ = RCASOVSDA
28-Pin QFN 3288
:aahgm«r
EE-IEE.:EE
oBRBYEAaH
RAANINVGEF-ICWREF == )1 210 =—= RBIPGM
RAVANIYVREF+ = I 2 208 == RB2
RAGTOCHICIOUT == B3 PIC16EBT3A 19§ =—= RB1
RAS/ANAEEIC20UT == P4 180 == RBOANT
Ves — oI5 PIC16FBTBA 70 _ oo
OSCHCLKl —s- )8 18 =— Ves
OSCCLKD =— 37 o — 4 o g 159 = RCTRXDT
O O *= v a= o g
T
- siE823
44-Pin QFN . Eg Eﬂﬂgag
< B 3_g5 gEgB3cy
Sgrrzesaas SE°g3
GaLgeLBlc 82
iR :
== Eree [l
T Eﬂﬁqﬂﬂﬂnﬁﬂ?ﬁn RE——
- RDAPEPY a— |2 320 =—— DOSCICLE
- BDSPEPS ~— 13 | =—— Vas
R0TPSeT - |8 e
B e — io PIC16FBT4A g o
Voo — j7  PIC16FSTTA 57| <o RE2TEANT
VoD —= 8 261 == REVWRIANG
REQINT = )8 25{ == REOHD/MANS
RB1 - )10 241 =—= RASAMNASEIC20UT
RE2 e “EEI.“!E“.:.'!EHHHR == RA4TOCKICIOUT
(=] - +
G
: é#gézgg
§E
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Pin Diagrams (Continued)
40-Pin PDIP
WElRvee —=1 '~/ [] =—= RETFGD
RATIAND e [] 2 33 [ ~—= RBAPGE
RANANT =[] 3 3 [ - RBS
RAVANIVREF ¢ w—e-[] 5 36 [] = RBAPGM
RAATOCKUCIOUT w—e[] 8 35 [} = REZ
nmmﬁrcm-—-ﬁ 7 2L 3o 7B
REOHDIAMS =—=[]8 I~ 33 ] == RBHINT
REVWRIANE —=[] o § B v
RE2CEANT =[] 10 L e—
Voo—.1 B  300-— rovPser
Ves__ .12 % 20 - ROSPSPS
DSQ‘J'CI.N—-—-—Q-E 13 ™= 28 [] =—e RDSPSPS
OSCZICLKO ——] 14 nE_ 27 ] =—e RO4PSP4
RCQTIOSOIMICK! =—[] 15 26 [0 == RCIRNWOT
RC1MIOSWCCR2 -—eTl18 35 [ =—e ROWTICK
ROZCOP1 =[] 17 24 [] =—e RCSS0O
RCISCHISCL =—[] 18 23 [] =—= RCASDVSDA
RDIPSPD -— ] 19 22 [ =—= ROIPSP3I
ROV/PSPY —=—e ] 20 21 [ =—= RO2'P5P2
44-Pin PLCC
%Mim'l -— —— EBZEWPW
REDEDIANS =—u RE1
REVAWRIANG ——[] 4 REOANT
RECS/ANT =[] 11 —_— m
Ves — o (] RDTIPSPT
OSCUCLK — [ ROGPSPE
OSCHCLKO -— [ 1 ROSPSPS
RCOMIOSONTICK] = -— ROD4PSPA
HE o RCTRX/OT
s
Fessslil ]
unEwEEHUE EEHEEEEEEE%
U R
oaoa Do cow %Eﬁﬁﬂ
EECEEEEECEST EUUEQ 9
“envare (1L ELLEEL 3 ®
DA BAARRAE &
639 FREGRAR
RCTRNDT =—=C1Hd 3 NG
ROWPSP4 =—=CI0 2 2] -=—= RCOTIOSONTICK!
RDS/PSPS == LCI0 3 NI —= QSCHCLKD
ROAPSPE =TI 4 I =—— OSCHICLK
ROTIPSPY =—=[CIH5 PIC16FETAA "- Vs
VSE -.-.. L) = iy
Voo —=CII 7 PIC16FBTTA 2TEO =—= RECSANT
RBOANT =—=CIO 8 25T —-—e :E;%m
RE| =—=[CIT)G O] o= BM
RB2 =—=[CIT] 10 L] mﬁfﬂ“ﬂ'ﬁ'cm‘r
RBA/PGM =—=CII 11 s v o S 2] =—= RALTOCKUCIOUT
o gm o
ifiRilibililidiki
(SRR ) o = ¥
zzgﬁggégggh
Eﬁsiﬁ 5
Eﬂfﬁ =
22

e e L . XS e W i i . 1 L Sl A Ly — r ) s i
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PIC16F87XA

1.0 DEVICE OVERVIEW

This document contains device specific information
about the following devices:

The available features are summarized in Table 1-1,
Elock diagrams of the PIC16FBT3A/BTEA and
PIC18F874A/87TA devices are provided in Figure 1-1
and Figure 1-2, respectively. The pinouts for these

+ PICT1BFETAA davica familles ara listed in Table 1-2 and Table 1-3.
* PIC16FET4A Additional information may be found in the PIC® Mid-
+ PIC16FBTEA Range Reference Manual (DS33023), which may ba

PIC1BFBT3A/BTEA devices are available only in 28-pin
packages, while PIC16FBT4A/BTTA devices are avail-
able in 40-pin and 44-pin packages. All devices in the
PIC16FB7 XA family share common architecture with

or downloaded from the Microchip wab site. The Refer-
ence Manual should be considered a complementary
decument to this data sheet and is highly recommended
reading for a better understanding of the device architec-
ture and operation of the peripheral modules.

the following differences:

+ The PIC16F873A and PIC16FB74A have one-half
of the total on-chip memory of the PIC16F276A
and PIC16FBTTA

+ The 28-pin devices have three /O ports, while the
40/44-pin devices have five

+ The 28-pin devices have fourteen interrupts, while
the 40/44-pin devices have fifteen

+ The 28-pin devices have five A/D input channels,
while the 40/44-pin devices have eight

+ The Parallel Slave Port is implemented only on

the 40/44-pin devices
TABLE 1-1: PIC16FBTXA DEVICE FEATURES
Key Features PIC16FB73A PIC16FB7T4A PIC16FBTGA PIC16FBTTA
Operating Frequency DC - 20 MHz DC — 20 MHz DC-20MHz | DC-20MHz |
Resets (and Delays) POR, BOR POR, BOR POR, BOR POR, BOR
(PWRT, OST) (PWRT, OST) (PWRT, OST) (PWRT, OST)
Flash Program Memory 4K 4K BK 8K
{14-bit words)
Data Memory (bytas) 182 192 368 368
EEFROM Data Memory (byles) 128 128 256 256
Interrupts 14 15 14 15
11O Ports Ports A, B,C |(PorsA B,C,D,E| PorsA B, C |PorsA B C,D.E
Timers 3 3 3 3
Capture/Compara/PWM modules 2 2 2 2
Serial Communicalions MSSP, USART MSSP, USART MSSP, USART MSSP, USART
Parallel Communications —_— PSP = PSP
10-bit Analog-to-Digital Module 5 input channels | B input channels | Sinput channels | 8 input channels
Analog Comparators 2 2 2 2
Instruction Set 35 Instructions 35 Instructions 35 Instructions 35 Instructions
Packages 28-pin PDIP 40-pin PDIP 28-pin POIP 40-pin PDIP
28-pin SOIC 44-pin PLCC 28-pin SOIC 44-pin PLCC
28-pin 550P 44-pin TQFP 28-pin SS0P 44-pin TQFP
28-pin QFMN 44-pin QFN 28-pin QFN 44-pin QFN

& 2001-2013 Microchip Technology Inc Da36582C-page 5
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IGURE 1-1: PIC16FBT3IAJBTEA BLOCK DIAGRAM
. ' 13 DetaBus O PORTA
. Brogram Counter B RADAND
Flash I J\L RATANT
Pragram ; _ RAZANZNVHEFCVHEF
Memery Pry— 1 RAVANSAmEF
4[] RawTOCKICIOUT
(Fe-ba) 7] rAsANAEEC2OUT
Program
Bus 14
Instruction reg
|| Direct Addr 7 FORTH
= RBOANT
RB1
RE2
REIPGM
a8 yj RE4
- RES
! RBE/PGC
Powsrup RETIPGD
a7 Tirmar
Instruckion Oscillator
Decode & = | StErt-up Timar
Controd Power-on
Reset PORTC
Whichdog RCTIOSOMICKI
=+ s.m.. o= Timar RC1/T108ICCP2
OSCA/CLE Brown-out RC2ICCPY
OSC2CLKD Resst RCAVSCRISCL
In-Circul ] RCASONS0A
RC&SDO0
Low- RCETRCK
nw:m RCT/RX/OT
MEEE Voo, Ves
TimarD Tirmerd Timer2 10-bit AD
]I= i it it ;
Valage
Date EEPROM CCP12 Sarial Pod USART Comparator Rifintion
Device Program Flash Data Memory Data EEPROM
PIC1BFETIA 4K, words 152 Bytes 128 Bytes
PIC1BFETEA B¥ words 358 Bytes 258 Bytea
Nete 1: Higher order bits are from the Status register
P A Y L L L W TR T A M P SRS ¢ TR Tk e S
SH2C-page & & 2001-2013 Micrachip Technology Inc




PIC16F87XA

— — — — —
FIGURE 1-2: PIC16F874A/8TTA BLOCK DIAGRAM
13 Dota Bus __ ° PORTA
e Program Countet - —— |_——+—-— 7 G RADIANG
Flash ol RALIANY
Program L RAZIAN2VREF-ICVREF
oy B Level Stack RAM g - RAMANIVREF+
(13-it) File RAMTOCKLCIOUT
Registers l RASIANASEC20UT
Progam 4y m PORTE
Bus RAM Addr! y 9 S
/e MUK RE1
insbruction reg - ol
| addr T RBAPGM
RB4
RBS
RBE/PGC
-] RE7PGD
8
J = RCOTIOSOITICK!
Power: RCHTIOSICCR2
'Hmr:p RC2CCP
: s RCXSCHSCL
SDA
Decode & [r—-| | Start-up Timer m
Caontrol
Power-on RCBTHICK
Rreset RCTIRXOT
K=+ G-m it Timer
QSCCLKI Brown-out 4 RODOPSPO
DECVCLKD Reset || n ROVFSP1
- RD2PSP2
oriodoe] | | | P roapses
Low-\olts " ROMPSP4
P‘lw“a = ROD&PSPS
|- RDAPSPE
ROTIPEPT
PFORTE
MCLR Voo, Vss | REQADIANS
= =[] RE1ANR/ANS
| | [] REZCEANT
Paralled
Timer Tumer Timar2 10-bit /D | Siave Port
IE 1 3 b v b
VoRage
Deta EEPROM ceP 2 i USART Comparator Pt
Device I Program Flash Data Memory Data EEPROM
PIC1GFET 44 A wonds 192 Byles 128 Byles
PIC1BFETTA BE words 366 Bytes 256 Bytes
Mote 1: Higher order bits are from the Status register
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PIC16F87XA

1-2:  PIC16F873A/876A PINOUT DESCRIPTION
PDIP,SOIC, | GFN | WOIP | Buffer

: SSOP Pin# | Pind# | Type Type

e ,,——————_—_——
OSC1/CLK g B sTiIcMOS™ | Dscillator crystal o external clock input
Q501 I Oscillgtor crystal input or external dock source input. 5T
buffer when configurad in RC mode; otherwise CMOS.
I External clock source input. Always associated with pin
function OSC1 (see OSCICLE], OSCZICLKOD pins).

10 7 — Oscillator crystal or clock oulpul

O Osciliator crystal output Connects to crystal or resonator

in Sryatal Oscllator mode

O In RC mode, OSC2 pin outputs CLKO, which has 1/4 the

frequency of OSC1 and denctes the instruction cycle rate.
1 26 8T Mester Clear (input) or programming valtage (output).

I Master Clear (Resat) input. This pin is 8n active low Reset
1o the device.

P Programming voltage input.

PORTA is a bidirectional 110 port.

Pin Name Description

CLK1

o Digital 110
| Analog input 0.

Digital O
Anslog input 1

=8

0--5

Drgital 170

Analog input 2.

A reference voltage (Low) input.
Comparator VREF outpat

¥

B L

1o Digitai VO
I Analog input 3.
I ASD refarence voltage (High) input.

e} Digital 110 — Open-drain when configured a2 output
I TimerD external dock input.
Comparator 1 output.

g
| 5
o

Analog input 4,

5P| slave select input

Comparator 2 output.

| = input O = putput 11O = inputfoutput P = power

—=Notused TTL=TTLinput ST = Schmitt Trigger input

This buffer is @ Schmitt Trigger input when configured as the external Intermupt

This buffer is a Schmitt Trigger input when used in Senal Programming mods

This buffer is a Schmitt Trigger Input when configured in RC Oscillator mode and a CMOS input athenwisa,

o Digital 1O
I

I

0

=S
b= |
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PIC16F87XA

TABLE 1-2:  PIC18F873A/876A PINOUT DESCRIPTION (CONTINUED)

PDIP, SOIC, | QFN | WOIP Bufter
Pin Name SSOP Pin# | Pin® | Type T Description
— — —
PORTR is a bidirectional /O port PORTE can be sofiware
programmed for intarnal weak pull-ups on all inputs
REQANT 21 18 TTUsTH
RBO e} Digital WO,
INT 1 Extarnal intermupt.
RE1 2 19 o TTL Cigital 1O,
RB2 23 20 o TTL Digital 110
REAPGM 24 2 TTL
RB3 lle] Digstal 140,
PGM I Low-voltage (single-supply) ICSP programming enable pin
RE4 25 2 L] TTL Digital MO
RES 5 23 1o TTL Digital 1O,
REEMPGC T 24 TrusT
RBG o Digital 110,
PGC I In-clrcuit debugger and ICSP programming clock.
RETIPGD 28 25 TTUST®
RE7 Tis] Digital 140,
PGD 1o In-circuit debugger and ICSP programming data.
PORTC i= a bidirectional 150 port,
RCOT1OSOITICK] 1 8 8T
RCO o Dugital 11O,
T1050 o Timer1 oscdlator output.
TICK) I Timer1 external clock input.
RCUTI10SHCCR2 12 g 8T
RCA o [igital 110,
T1051 I Timer1 oscillator input.
CCP2 o Capture2 input, CompareZ2 cutpul, PYWMZ output
RC2CCPY 13 10 sT
RC2 lw] Digital VO
CCP o Captura] input, Compare 1 output, PWM1 autput
RCHSCKISCL 14 11 ST
RC3 18] Digital 110
SCK (18] Synchronous serial clock inputioutput for SPI mode.
SCL o Synchronous serial clock inputioutput for 1°C mods.
RCASDISSDA 15 12 3T
RC4 1o Drigital WO,
sM I SP| data in.
SDA Fls] 2C data 1/O.
RCHS0D0O 18 13 sT
RCS 1o Digital 1O,
s0O o 5P data out.
RCEMTACK 17 14 5T
RCS o Digital 11O
™= o USART asynchronous transmit.
CK o USARTY synchronous clock
RCTRXOT 18 15 8T
RC7 o Digital WO,
X, I USART asynchronous recelva
oT 1O USART synchronous data.
Vas B, 19 56 P — Ground referance for logic and 1D pins.
Voo 20 17 P — Positive supply for lagic and /O pins
Legend: | =input O = guiput 1/D = inputioutpist P = power
—=Notused TTL =TTL input ST = Schmitt Trigger input
Note This buffer is 3 Schmitt Trigger input when configured as the external intetrupt

This buMer is a Schmitt Tngger input when used n Serial Programming moda
This buffer is a Schmitt Trigger input when configured in RC Osciltator mode gnd a CMOS input othenwmse

i e

#
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PIC16F87XA

TABLE 1-3:  PIC16F874AJB77A PINOUT DESCRIPTION

PDIP | PLCC [ TQFP | QFN | LOQIP Buffer
. Pin Name Pin# | Pin# | Pin¥ | Pin# | Type Type Description
| T ——— e Sr——
OSCACLE 13 14 ap 2 sTIeMOS Oscillator crystal of extemal clock input.
| osec1 | Oscillator crystal input or extemal cock source
input. 8T buffer when configured in RC mode;
otherwise CMOS.
CLEKI I External clock source input. Always associated
with pin function OSC1 (zee OSCUCLKS,
OSC2CLKO pins)
OSC2ICLKO 14 i5 | 3 33 - Oscillator erystal or clock output,
QsC2 o] Cacillator crystal output
Connects to crystal of resonator in Crystal
Cadiliator mode
CLEO 0 In RC mode, O5C2 pin outputs CLKD, which
hias 144 the frequency of OSC1 and denotes tha
instruction cycle rata.
MCLRNVPP 1 2 | 18 | 18 ST | Master Clear (input) or programming voltage (outpat)
MCLR | Master Clear (Reset) input. This pin is an active
low Reset to the device,
FP P Programming voltage input.
PORTA is a bidirectional 10 port,
RAMAND 2 3 148 18 TTL
RAD o Digital 14O,
ANOD I Analog input 0.
RATAN 3 4 20 20 T
RA1 1o Digital 1/0.
AN I Analog input 1.
RAZANZNVREF-ICVREF| 4 5 3 | 21 TTL
RA2 1o Digital 0.
AMZ I Analog input 2.
VREF- I AD reference volt2ge (Low]) input
CVREF a Comparator VREF autput
RAMNANINVREF+ 5 B 22 22 L
RAZ le] Digital /0.
AN3 I Analog input 3.
VREF+ i AJD reference voltage (High) input
RAATOCHINCAOUT g8 T 23 23 a7
RA4 [e] Digital VO — Open-drain when configured as
output,
TOCKI I TimerD external clock input.
C1ouT Q Comparator 1 sutpul
RASANASSIC20UT 7 B 24 24 T
RAS 1o Digital 110
AN4 ! Analog input 4
55 | SPI slave selectinput
c20uT o Comparatar 2 output.
Legend: | =input O = output 1O = inputioutput P = power

—=Notused TTL = TTL input ST = Schmitt Trigger input
Mote 1: This buffer iz @ Schmitt Trigger input when configured as the external Interrupt
2:  This buffer is a Schmitt Trigger input when used in Seral Programming maoda
3  This buffer is a Schmitl Trigger input when configured in RC Oscillator mode and a8 CMOS input othersviae,

[(335582C-page 10 ® 2001-2013 Microchip Technology Inc.




PIC16F87XA

TABLE 1-3:  PIC16FB874A/877A PINOUT DESCRIPTION (CONTINUED)

PONP | PLCC [ TQFP | QFN | WOFP Buffer
Pin Name Pin# | Pin# | Pintt | Pin# | Type Type Description
: PORTB is a bidrectonal /O port PORTE can be
software programmed for internal weak pull-up on all
inputs.

REOANT 33 38 g g TTLsT!

RBO 1w Digital 140,

INT I Extarnal Internpt
RE1 34 ar g 10 o TTL Digital VO,
REZ 33 38 109 1 ljn] TTL Digital /0,
REBIPGM 36 39 1 12 TIL

RE3 [[s] Digital 140,

PGM I Low-voltage ICSP pragramming enable pin.
RB4 37 41 14 14 o L Digital VO
RBS a8 a2 15 15 o TIL Digital O,
RESFPGC 3 | 43 | 8 | 18 TTLUST

RES e} Digital 110,

PGC I In-circuit debugger and 1CSP programming clock.
RE7PGD 40 | a4 17 17 TTULSTR

RE7 1o Digital 110

PGD o In-cireult debugger and ICSP programming data.
Legend: | =input O = output O = input/output P = powar

—=MNotused TTL=TTLinput ST = Schmitt Tigger input
Note 1: This buffer js a Schimitt 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 ks a Schmitt Trigger input when configured in RC Oscillator mode and a CMOS Input otharwise.

2 2001-2013 Microchip Technaology Inc
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PIC16F87XA

TABLE 1-3:  PIC16FB74A/877A PINOUT DESCRIPTION (CONTINUED)

PDIP | PLCC | TQFP | QFN | WOIP Buffer
I 53 e 7 e v
i PORTC s a bidirectional 110 port,
IRCOMT1GSOTICKI 15 16 32 34 ST
RCO Tls] Digital /O
T1080 o Timer1 oscillator output
TICKI I Timer! external clock inpul.
RC1TIOSWCCRZ 16 18 35 a5 3T
RC1 1O Digital 140
Ti0S1 | Timer! escillatar input.
CCP2 [F:0] Captura2 input, Compare2 output, PWM2 outpul
RC2CCP1 17 19 36 36 87T
RC2 o Dhgltal 11O,
CCP1 o Caplura1 input, Compare1 output, PAWM1 output.
RCASCHISCL 18 20 ar ar 8T
RC3 (I} Digital 110,
SCK 18] Synchronous serial clock inputfoutput for SPI
mode.
scL lls} Synchronous serial clock Inputioutput for 12C
mode.
RCA/SDISDA 23 25 a2 42 5T
RC4 1o Digital 1O,
=1 ] I 5P| data in.
SDA 1w 13C data 1O,
RCS/ED0 24 28 43 43 ST
RCE 10 Digital 11O
D0 o SPI data out
|RCEBMAICK 25 27 44 a4 | 5T
RCB o Digital 0.
T 8] USART asynchronous transmit
CK wo USART1 synchronous dock.
RCT/RXDT % | 2 | 1 1 sT
RCT 1o Digital 140,
RX I USART asynchronous recehve.
oT {[#] LISART synchronous data
Legend: | =input O = output 110 = inputioutput P = power
—=Notused TTL=TTL input ST = Schmitt Trigger input
Note 4: This buffer is a Schmitt Trigger input when configured as the extarnal interrupt.

1
2:  This buffer is & Schmitt Trigger input when used in Seral Programming mode.
3:  This buffer is a Schmitt Trigger input when configured in RC Oscillator mode and a CMOS input otherwise.

il
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PIC16F87XA

TABLE 1-3:  PIC16F874A/B77A PINOUT DESCRIPTION (CONTINUED)

PDIP |PLCC | TQFP | QFN | WOIP Buffer
Pin Name Pin# | Pin# | Pin# | Pin# | Type T Description
PORTD is a bidirectionsl 11O port or Parallal Slave
Port when interfacing to a microprocessor bus,
ROOPSPO 19 21 38 38 STTTLR
ROO 1 Digital 10,
PSPO 1 Parallel Slave Port data.
RD1PSP1 20 2 a9 39 sTTL
RD1 1o Digital 110,
PSP1 1o Paralie| Slave Port data,
RO2/PSP2 2 23 40 40 sTTTLE
ROD2 1o Digital 11O,
PSP2 Tn] Parallel Slava Port data.
ROVFSF3 ] 24 41 41 sTTTL®
RO3 o Diigital 1D
PEP3 o Parallel Slave Port data.
RO4PSP4 27 | a0 p] z sTTTLR
RO4 o Digital 11D
PSPa e} Parallel Slave Port data.
ROSPSPS 28 | A 3 3 sTTLR
ROS o Digital LD,
PSP5 1o Parallel Slave Port data.
RODG/FSPE 25 32 4 4 STTTLI
RODE o Digital HO.
PSPE 1 Paralial Slave Port data,
RO7TPSPT kli] 33 5 5 STATLA '
RO7 o Digital 10,
PSPT 1 o] Paraliel Stave Port data.
PORTE is & bidirectional 11D port,
REC/RD/ANS 8 g 25 25 sTTLR
RED 1o Digital /0.
RO I Read control for Parallel Slave Port
ANS I Anglog input 5
RE1ANRIANE 9 0 | 28 | 28 sSTATL
RE1 1 Digital 1A
WA | Wiite control for Parallel Siave Port,
AMNG I Analog input §.
RE2/CSIANT 0| n (x| 2 STATLR)
REZ Tle] Digital 1O,
cs I Chip select contral for Parallel Stave Pon
ANT | Analog input 7.
Vsg 12,31]13,34 | 6,29 | 6, 30, P _ Ground reference for logic and 110 pins.
3
Voo 11,32|92,35| 7,28 | 7.8, P —_ Positive supply for logic and 110 pins.
28, 29
NC — | 1,97 |1213.| 13 = - These pins are not intarnally connected Thesa pins
28,40 | 33, 34 should be left unconnected,
Legend: | =input O = output WO = inputioutpat F = power

—=MNotused TTL=TTLInput ST = Schmiit Trigger input
Mote 1: This buffer is @ Schmitt Trigger input when configured as the external intesrupt
;  This buffer is & Schmitt Trigger input when used in Sanal Programming mode
3: This buffer is a Schmitt Trigger input when configured in RC Oscillator mode and a CMOS input otherwise.

T e S T, O o i o 7 s T ™ T T P B S SR ST S T e e AR E T DT TL LRI
& 2001-2013 Microchip Technology Inc DS38582C page 13
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NOTES:
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PIC16F87XA

20 MEMORY ORGANIZATION

There are three memory blocks in each of the
PIC16FBTXA devices, The program memary and data
memory have separate buses so that concurrent
access can occur and is detailed in this section. The
EEPROM data memory block is detailed in Section 3.0
“Data EEPROM and Flash Program Memory”.

Additional information on device memory may be found
in the PIC® Mid-Range MCU Famity Reference Manual
{DS33023).

21 Program Memory Organization

The PIC16F872A devices have a 13-bit program coun-
ter capable of addressing an BK word x 14 bit program
memory space. The PIC1BFBTEA/MTTA devices have
8K words x 14 bits of Flash program memory, while
PIC16FB7AA/BT4A devices have 4K words x 14 bits.
Accessing a location above the physically implemented
address will cause a wraparound,

The Reset vactor is at 0000h and the interrupl vactor is
al 0004h.

FIGURE 2-2: PIC16FB73A/874A
FIGURE 2-1: PIC16FBTGAIBTTA PROGRAM MEMORY MAP
PROGRAM MEMORY MAP AND STACK
AND STACK
| PC<120> |
[ PCN20= | CALL, RETURN 13 ”
e i RETFIE, RETIH |
RETFIE, RETLH
Stack Level 1
Stack Level 1 Sack Level 2
Stack Lovel 2 .
. Stack Level 8
o l
Reset Vector DOCn
Resel Vector O000H -
= ‘] . ¥
. Intermupt Vecior DOO4h
Inbesrrupt Vector Q004N 00osh
[ DO0SH Dﬁ'clil PIHI 1]
Page 0 Program OrFEN
O7FFh Memary 0800k
S DFFFh
Page 1
On-Chip
< OFFFh 10000
Wisions 1000h
Page 2
17FFh
Page 3 Hxh — 1FFFh
h 1FFFh
ﬂ T A ki TN ———— =% T

i@ 2001-2013 Microchip Technology Inc
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‘22  Data Memory Organization

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

RP1:RPO Bank

Each bank extends up to 7Fh (128 bytes). The lower
locations of sach bank are reserved for the Special
Function Registers. Above the Special Function Regis-
ters are General Purpose Registers, implemented as
static RAM. All implemented banks contain Special
Function Registers. Some frequenily used Special
Function Registers from one bank may be mirrored in
another bank for code reduction and quicker access,

eli]

01

140

MNote:  The EEPROM data memory description can
be found in Section 3.0 “Data EEPROM
and Flash Program Memory" of this data
sheet.

Wika) =3

il

221 GENERAL PURPOSE REGISTER
FILE

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

DE38582C-page 158
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FIGURE 2-3: PIC16FB76A/87TA REGISTER FILE MAP
File File File File
Address Address Address Address
Indirect addr. | coh Indirect addr.")| ggn Indirect addr.) | 100h | Indirect addr."| 1500
TMRO 01h OPTION_REG | B1h TMRD 101K OPTION_REG| 181h
PCL | 02h PCL 82h PCL 102h PCL 182h
STATUS 03h STATUS 83h STATUS 103h STATUS 183h
FSR Odh FER a4h FSR 104h FSR 184h
PORTA 05h TRISA 85h 105h 185h
PORTB 06h TRISA BEh PORTB 106h TRISE 186h
PORTC 07h TRISC B7h 107h 187h
PORTD!" | ogh TRISD | gan 108h 188h
PORTE!" | 0sh TRISEY | agh 109h 189h
PCLATH 0ah PCLATH BaAh PCLATH 10Ah PCLATH 1BAh
INTCOMN 0Bh INTCOMN BBh INTCON 10Bh INTCON 18Bh
PIR1 0Ch PIE1 8Ch EEDATA 10Ch EECON1 18Ch
PIR2 0Dh PIE2 EBDh EEADR 100h EECONZ 18Dh
TMR1L 0Eh PCON 8Eh EEDATH | 10Eh Reserved® | 18Eh
TMRIH | OFh 8Fh EEADRH | 10Fh Reserved® | 18Fh
TICON | 1on 90h 1on 190h
TMR2 iih SSPCON2 g1h M1h 1891h
T2CON 12h PR2 92h 112h 192h
SSPBUF 13h SSPADD 83h 113h 183h
SSPCON 14h SSPSTAT Q4h T4h 194h
CCPRIL 15h 95h 115h 195h
CCPR1H 16h S6h & 116h - | 196h
CCP1CON | 17h 97h eneral 117h enera 197h
RCSTA 18h TXSTA 98h E”eaﬁsu:i? 118h E:rg'?:tﬁ 198h
TXREG 18h SPBRG S%h 16 Bytes 118h 16 Bytes 199h
RCREG 1Ah SAh 114h 19Ah
CCPR2L 1Bh 9Bh 11Bh 198h
CCPR2H iCh CMCON ach 11Ch 18Ch
CCP2CON | 1Dh CVRCON aDh 11Dh 18Dh
ADRESH | 1Eh ADRESL 9Eh 11Eh 19Eh
ADCONO | 1Fh ADCON1 | 9Fh 11Fh 19Fh
20h AOh 1200 1AOh
General Gener
e | Purpose E:fm Purguei
P:rm Register Register Registar
Register 80 Bytes B0 Bytes 80 Bytes
96 Bytes EFh 18Fh 1EFh
accessas FOh AcCesses 170h accesses 1Fon
70n-7Fh 70h-7Fh 70h - 7Fh
FFh 17Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3
[J Unimplemented data memory locations, read as ‘o'
* Mot a physical register,
Note 1: These registers are not implemented on the PIC16F876A
2: These registers are reserved: maintain theze registers clear. _J

& 2001-2013 Mictochip Technology Ino
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FIGURE 2-4: PIC16F873A/874A REGISTER FILE MAP
File File File File
Address Address Address Address
, Indirect addr (| oon Indirect addr. | gon Indirect addr 1| 100h Indirect addr. | agn
TMRO 01h OPTION_REG | 81h TMRD 101h OPFTION_REG] 181h
PCL 0zh PCL 82h PCL 102h PCL 182h
STATUS 03h STATUS 83h STATUS | 103h STATUS 183h
FSR O4h FSR B4h FSR 104h FSR 184h
PORTA 05h TRISA 85h 105h 1B5h
FORTE 0Gh TRISE 86h PORTB 106h TRISE 186h
PORTC 07h TRISC BTh 107h 187h
PORTDI | o&h TRISDM | agh 108h 188h
PCRTE!" | 08h TRISEM | gon 108h 185h
PCLATH 0ah PCLATH 8Ah PCLATH 10Ah PCLATH 184h
INTCON | 0Bh INTCON | ggh INTCON | 10Bh INTCON | 188
PIR1 OCh PIE1 8Ch EEDATA 10Ch EECON1 18Ch
PIRZ 0Dh PIE2 EDh EEADR 1000 EECON2 18Dh
TMR1L OEh PCON 8Eh EEDATH 10Eh Reservedld 18Eh
TMR1H OFh 8Fh EEADRH 10Fh Reserved® | 18Fh
TICON | 10n 20h 110h 190h
TMR2 11h SSPCON2 91h
T2CON 12h PR2 92h
SSPBUF 13h SSPADD 83h
SEPCON 14h SSPSTAT S4h
CCPRIL | 15h 95h
CCPRIH 16h 96h
CCP1CON 17h a7h
RCSTA 18h TXSTA 88h
TXREG 18h SPERG 9%h
RCREG 1Ah 8Ah
CCPR2L 1Bh 9Bh
CCOPR2H 1Ch CMCOM aCh
,' CCP2CON_| 1Dh CVRCON | apn
| ADRESH | 1Eh ADRESL | ogp
} ADCONOD ;UF:: ADCON1 | 9Fh s Sk
I Alh
Eenﬂral E.anerai
urpose urpose
Rege R ool g
96 Bytes 56 Bytes 16Fh 1EFh
170h 1FOh
Jd TFh FFh 17Fh — ] 9FFh
Bank 0 Bank 1 Bank 2 Bank 3
(] Unimplemented data memary locations, read as 'o’,
" Mot a physical register
Note 1: Thesa registers are not implemented on the PIC16F873A
2: These registers are reserved; maintain these registers claar J
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222 SPECIAL FUNCTION REGISTERS The Special Function Registers can be classified inte

The Special Function Registers are registers used by MS:;;:;;:G;?"‘{CE‘PUI and ﬁfﬁp.h“rfr' Th‘:"“ ragrsln;u
the CPU and peripheral modules for cortrolling the 5 © core funclions are desaioig

desired operation of the device. These registers ara &ﬂ?;ﬁpﬂ;ﬂ:ﬁgﬁl‘r ::zfz :ff;;db:'{: mﬂlﬂg
implemented as static RAM. A list of these registers is :
given in Table 2.1 peripheral features section.
TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY .
Address|  Name Bn7 | Bne | Bns | miea Bts | Bez | en1 | mwo :::gn m:
Bank 0
UITH"T INDF -i.ddm-'uMImﬁmuunumnhu!FSRm-ddmmm;rrmrﬂnotnmydmmgm 4000 oooo| 31,150
0ih  [TMRo Timer0 Module Register muex oo 58, 150
ozh® (oL Program Counter (PC) Least Significant By 4000 aooo| 30, 150
0a®  [sTatUs we | ret [ R0 | 0 | Z | o [ & [o001 il zmim
N ] Indirect Data Memory Address Pointar sxxx socx| 31, 150
sh  [PorTA — | — JPORTA Dats Latch when writtens PORTA e wien read --0x 0000] 43, 160
®h  |PoRTB PORTB Dats Latch when writisn: PORTB pins when read oo x| 45, 150
a7h PORTC FORTC Data Latch when writter: PORTC pins when read ek ookx| 47, 150
oen'  [poRTD PORTD Data Latch when writtsn: PORTD pins when read sxxxx oo 48, 150
oont®  |PORTE - — — = | = [ re2 T mm | reo [--7 ool 4810
oan'"3 peaTH - - — | Vite Bufler for the upper 5 bils of e Program Countar | - -0 aooo| 30, 150
08h  [INTCON GIE PEIE | TMROIE | INTE RBIE | TMROIF | INTF RBIF [o2ga ooox| 24, 150
och  |PIR1 PSPIF® | apiF | RoiF TXIF SSPIF_| CCPUF_| TMR2IF | TMR1IF |oooo oooo| 28, 120
ooh PRz = CMIF — EEIF BCLIF s — | CCPF |-6-0 0--0] 28,150
| DEh  |TMRIL Holding Registar for the Least Sigrificant Byke of the 16-b1 TMR1 Register oo xooee| 00, 150
OFh TMR1H Holding Register for the Most Significant Byts of the 16-bit TMR1 Rogister oo sexcx| 60, 150
h  |ricon = | — [rickesi[ickeso [r1oscen] TTavie | mRics | TMR10N | --00 o000| 57, 150
[11h_ TMRZ Tirmes2 Module Register 0000 DDOO 62,150
t2h  [T2cON — _|routrsa[Toutesa] Toutes: | routPso| TMRa0N | T2cKPs1 [T2cKPs0] 000 ooas| 61, 150
13h SSPBUF Synchronous Serial Port Receive Bufler/Tranamit Register sotxx soeex| 79, 150
14h  [ssPcoN WCOL | ssPov | sPEN | ckP | ssPwa | sseamz | ssemy S5PMD [oooo cooo| B2, B2,
150
15h CCPRIL Caphere/Comparns/PAWM Register 1 (LSH) ok oo B3, 1580
16h  |ccPRin Captum/Compar/PVWM Register 1 (MSB) oo x| 63, 150
17h |ccricon - = CCPix | ccriy | cepiMa | copimz [cerimt [corim |-—oo oooo| 64, 150
18h RCSTA SPEN | RX8 ) SREN | CREN | ADDEN | FERR | OERR RX80 |boao aoox) 112, 150
15h TXREG USART Transmit Data Register Qo000 ooog| 118, 150
1Ah  |RCREG USART Recsive Data Register 0000 0000] 118, 150 |
16h  [cepral Caphura/Compare/P\WM Register 2 (LSB) oo xexx| 63,150
1€h  |ccPrev Capture/Comparm/PVWM Register 2 (MSB) mxxe sooce| B3, 150
10h  |ccPacoN — | — Tecex | coray [ cceama [ ccrama [ cepawn [coramn |- oo sossl a3 100
1Eh ADRESH AD Result Register High Byte wxEx xxxx] 133, 150
IFh___|ADcONO | apcst | Apcso | cHsz | chst | cHso [comone]| — | ADoN [oaao 0o-o 127, 180

Legend:  x = unknown, u = unchanged, g = value depends on condition. - = unimplemented, read as 0, T = reserved
Shaded locations are unimplemented, read as ‘0"
Mote 1: The upper byto of the pragram counter is not directly accessible, POLATH 1% a holding register for the PC<12:8>. whose
contents are fransferred to the upper byte of the program counter
Bits PSPIE and PSPIF are resandad on PICTSFATAAMETEA devices: always meintain these bits claar.
These raglsters can be addressad fram any bank,
PORTD, PORTE, TRISD and TRISE are nat implemanted on PIC1BFETIABTEA devices, read gs 'g’
Bit 4 of EEADRH implemented only on the PIC1BFETEASTTA devices

& 2001-2013 Microchip Technology Ine DS39582C-page 14
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TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY {CONTINUED)

Address|-  Name Bt | eBus | ens | Bie Bit3 Bit2 | Bi1 | Bito :::":;;‘ mz

Bank 1 -

BRI INDF Addressing this location uses contants of FSR to address data memory {not a physical register) | G000 oooo 3,150
8ih__ |oPmion Rea| RBPU | NTepa | Tocs | Tose | psa | psz | Pst | Pso |iaia 1111] 23,150
&n®  lpcL Progrmm Counter (PC) Least Significant Byte acao ogoal 30,150
B3 [status Rp | e | R0 | T8 [ A [ z [ oc | € |ooer 1| 2%
84h®  |FsR Indirect Data Memory Address Pointer o x| 3,150
8sh  [TRisA — | — |PORTA Data Direction Raegister --11 1111] 43,150
86k TRISE PORTE Data Direction Register 1111 1111 45 150
&7h TRISC PORTC Dats Direction Regstar 1111 1111| 47, 150
Ban'¥  |TRISD PORTD Data Direction Registar 1111 1111] 48, 151
8sh [ TRISE IBF o8F | Bov [PsPMODE| —  [PORTE Dat Direcsion bis nogo -111] 50,151
sanl'® |poLaTH = = — | Wite Bufer for the upper 5 bits of the Program Counter | ---0 oooo] 30, 150
8BHY | INTCON GIE PEIE | TMROIE | INTE RBIE | TMROF | INTF RBIF loooo ooox| 24,150
CE PSPIE® | ADIE | RCIE THIE 5sPE | ccPiE | TMR2IE | TMR1IE |ooao oooal 25, 151
BOh  |PIE2 o CMIE — EEIE | BCLE £ — | ccPaiE |-0-0 0--a] 27,151
BEh PCON Fetin Ny st = = - POR BOR [-=-- -- aal 29,151
8Fh — Unimplemmantsad —-_ e
B0h — Unimplemented -_— —
#th _ |SSPCON2 | GCEN [ACKSTAT| ACKDT | ACKEN | RCEN | PEN | RSEN | SEN |oona ooos| 83,181
82h PR2 Timer2 Period Register 1111 1111) 82 151
83h S5PADD Synchronous Serial Port {I°C mode) Address Registar 0000 oooo| 78,151
o4h  |ssesTAT smP | cke | oA | P | s | RW | ua | BF |oooo oooo| 79,18
85h - Linimplsmened i - —
86h - Unimgierantec = -
aTh -- Unimplementad - —
98h  [TXSTA csRe | ™@ | ™eEN | s | = | BmeH | TRMT | T80 |ocoo -o10] 411, 151
90k SPBRG Baud Rate Generator Register oopo cooof 113, 159
Sah — Unimplemented = -
3B8h - Unirnphrrested -+ =
aCh CMCON C20UT | C10UT | C2INV C1INY Cis oMz Ci1 CMOD |oooo 0111135 151
90h CVRCON CVREN | CVROE | CVRR - CVR3 CVR2 CVR1 CVRO |ooo- oooo| 141, 151
BEh  |ADRESL AD Result Register Low Byte soe ook 133, 151
9h  |ADCON1 ADFM | aocs2 [ — | — T Pcre3 | Pore2 | PCFGY | POFGO |oo-- nooo | 128, 151

Legend:  x =unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as ‘0", r = resarvad.
Shaded locations are unimplemented, read as "o’
Note 1: The upper byte of the program counter |s not directly accessitbie. PCLATH s a helding register for the PC<12.8> whose
contents are fransfermed o the upper byte of the program counter

2: Bits PSPIE and PEPIF are reserved on FIC1BFATIA/BTEA devices, always maintain thess bits clear,
3 Thess registers can be addressed from any bank.
4: PORTD, PORTE, TRISD and TRISE are not implemented on PIC16FBT3ABTEA devices, read a8 ‘0",
§: Bit4of EEADRH implermented only on the PIC16FBTAAMETTA devices.
s T Sk, CCRETIT I R E——— -
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TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
Address|  Name Be7 | Bus | Bes | ews | B3 | mez | Bw1 | Bito :;d:';;n m:
Bank 2 e
100hP  |INDF Addressing this location uses contents of FSR to address dats marmory (not 8 physical register) | oosa pooa| 31,150
101k TMRO Timasd Module Register woxe xxxx| 55,150
102013 |pCL Program Counter's (PC) Least Significant Byle waon ooual 30,150
1030 |sTATUS we | 1 | R0 | &6 | PO z | pe | c© Jooor e 22150
104n1  |FsR Indirect Diats Memory Address Polntor ook ook 31, 150
105h —_ Unimplemsented 5 -
106h PORTE PORTE Data Latch when written: PORTE pins when read s el | 45, 150
107h . Linimplernentsd = -
108h -— Unimplemerted = —
1008 S Unimglementod o -
10Ah"" ™ | PCLATH - - — | Wirite Buffer for the upper 5 bits of the Program Counter | ---0 0o0o)| 30, 150
108h® [INTCON gE | peie | TMRoiE | INTE | Reie | tmror | wTF [ meiF [oooo ooox| 24,190
10Ch EEDATA EEPROM Data Register Low Byte o xxxx| 38, 151
100h  |EEADR EEFROM Address Registar Low Byie s wwa| 29, 151
10Eh EEDATH —_ — EEPROM Data Regester High Byte --x¥x o] 39,151
10Fh | EEADRH = - — | ™ [EEPROM Address Regster High Byt - soe] 39,151
| Bank3 ==l -
1800 |INDF Addressing thés location uses contents of FSR 1o address data memary {not a physical register)| oooo oooo| 31, 150
181 |oPTioN REG| RBPU | NTeoG | Tocs | Tose | psa | ps2 [ pst [ Pso 1111 1111] 23 1%
18267 |poL Program Counter {PC) Lasst Significant Byte gogo ooeo| 30,150
183 |STATUS mP | ret | reo | 6 | P8 | z | oc | ¢ Jooos 1o 22.1%
1840 |Fsp Inclirect Data Memaory Address Pointer o ocex| 3, 150
185h S Unimpismentsd = ST
185h TRISB PORTE Data Direction Register 1111 1111 45 150
187h = Unimplemented - —
188h = Unimplementsd e -
185h = Linimgementsd e =
18ANYA | PCLATH - —_ — | Wite Bufler for the upper 5 bits of the Program Counter  |---0 oooo| 30,150
18BAR! [INTCON GIE PEIE TMROIE INTE RBIE TMROIF INTF RBIF |oooo ooox| 24,150
18Ch EECON1 EEPGD - — - WRERR WREN WR RD  |=--- wo00| 34,151
180h  |EECONZ EEPROM Control Register 2 (nota physical register) -en ==-=] 38, 151
18ER — Resarved, maintain clear pooo oopo|  —
18Fh -— Resarved; maintsin clear Qoo pooa) —
Legend:  x =unknown, u = unchanged, g = value depends on condifion, - = unimplemented, read as '0’, r = reserved.
Shaded locations are unimplementad, read as ‘0",
Note 1:  The upper byle of the program countar is not directly accessible, PCLATH is & holding register for the PC<128>, whass
contents are ransferred to the upper byte of the program counter.

2:  Bits PSPIE and PSPIF are reserved on PIC16FBTAAETEA devices; slways maintsn these bits clear.

3 These registers can be addressad from any bank. .

4: PORTD, PORTE, TRISD and TRISE are notimplemented on PIC18FETIABTEA davices, read as 0’

5  Bit4 of EEADRH implementsd only on the PIC16FETEAETTA devices.

| i S 2 5 v ST oo
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2221 Status Reqgister

The Status register contains the arithmelic status of the
ALU, the Reset status and the bank select bits for data
memary

The Status register can be the destination for any
instruction, as with any other register. If the Status reg-
ister is the destination for an Instruction that affects the
£, DC or C bits, then the write o thesa threa bits is dis-
abled. These bits are sel or cleared according to the
device logic. Furthermore, the TO and PD bits are not
writable, therefore, the result of an instruction with the
Status register as destination may be different than
intended

For example, CLeF sTATUS, will clear the upper three
bits and set the Z bit. This leaves the Status register as
000u uluu (where u = unchanged).

It is recommended, therefore, that only BCF, BSE
SWAPF and MOVWE instructions are used io alter the
Status register because these instructions do not affect
the Z, C or DC bits from the Status reqister. For other
instructions not affecting any status bits, see
Section 15.0 “Instruction Set Summary”,

Note: The C and DC bits operate as a borrow
and digit borrow bit, respectively, in sub-
traction. See the sumtw and suENE

instructions for examples.

REGISTER 2-1:  STATUS REGISTER (ADDRESS 03h, 83h, 103h, 183h)
RW-0  RWO RW-O R R-1 RMW:-X  RMEX R
L RP T RP1 [ RPo | 70 | M [ z [ oc | c ]
bit 7 bit 0
bit 7 IRP: Register Bank Sslect bit (used for indirect addressing)

1=Bank 2 3 {100h-1FFh)
0=Bank 0, 1 (00h-FFh)

bit 6-5 RP1:RPO: Register Bank Select bits (used for direct addressing)

11 = Bank 3 (180h-1FFh)
10 = Bank 2 (100h-17Fh)
01 = Bank 1 (80h-FFh)
00 = Bank 0 (D0h-7Fh)
Each bank is 128 bytes,

bit 4 TO: Time-out bit

1 = Alter power-up, CLRWDT instruction or SLEEP instruction

0 = AWDT time-out occurred
bit 3 PD: Power-down bit

1 = After power-up or by the CLRWDT instruction
0 = By execution of the sL.EER Instruction

bit 2 Z: Zero bit

1 = The result of an arithmetic or logic operation is zero
0= The result of an arithmetic or logic operation is not zero

bit 1 DC: Digit earry/borrow bit (ADDWF, ADDLW, SUBLW , SUBWF instructions)

(for borrow, the polarity is reversed)

1 = A carry-out from the 4th low order bit of the result occurred
0= No carry-out from the 4th low order bit of the result
bit 0 C: Carry/borrow bit (ADDWE, ADDLW, SUBLW, SUBWF [nstructions)
1= A carry-out from the Most Significant bit of the result occurred
0 = No carry-out from the Most Significant bit of the result occurred
Note:  For borrow, the polarity is reversed. A subtraction is axecuted by adding the two's
complement of the second operand. For rofate (RRF, RLF) instructions, this bil is
loaded with either the high, or low order bit of the source register

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘o'
- n = Value at POR "1 = Bil is set '0'=Bitiscleared  x = Bit is unknown
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2222  OPTION_REG Register Note:  To achieve a 1:1 prescaler assignment for
The OPTION_REG Register is a readable and writable the TMRO register, assign the prescaler to
register, which contains various control bits 1o configure the Watchdog Timer,

the TMRO prescaler/WDT posiscaler {single assign-
able register known also as the prescaler), the external
INT interrupt, TMRO and the weak pull-ups on PORTB.

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

RW-1 RWMET  RMET RS RW-1  RWH RW-1  RAMA
|_RBPU | INTEDG | Tocs | Tose |  psa | ps2 [ pst | pso |
bit 7 bit 0
Bit 7 RBPU: PORTB Pull-up Enable bi

1 = PORTB pull-ups are disabled
0 = PORTB pulk-ups are enabled by individual port latch values

bit & INTEDG: Interrupt Edge Select bil
1 = Interrupt on rising edge of RBO/ANT pin
0 = Interrupt on falling edge of REO/INT pin
bit 5 TOCS: TMRO Clock Source Select bit

1 = Transition on RA4/TOCKI pin
0 = Internal instruction cycle clock {CLKO)

bit 4 TOSE: TMRO Source Edge Salsct hit

1 = Increment on high-to-low transition on RA4/TOCK] pin
0 = Increment on low-to-high transition on RA4TOCK| pin

bit 3 PSA: Prescaler Assignment bit

1 = Prescaler is assigned to the WDT
0 = Prescaler is assigned to the TimerD module

Dit 2-0 PS2.PS0: Prescaler Rate Salect hits
Bit Value TMRO Rate WDT Raie

"~ oo 1:2 1:1
0ol 1:4 1:2
0lo 1:8 1:4
11 1:16 1:8
100 1:32 1:16
101 1:64 1:32
110 1-128 1:64
111 1:256 1:128
Legend:
R = Readable bit W = Witable bit U = Unimplemented bit, read as ‘0"
- it = \alue at POR ‘1"= Bil Is set ‘0" = Bit is cleared %= Bit is unknown

Note:  When using Low-Violtage ICSP Programming {(LVP} and the pull-ups on PORTE are
enabled, bit 3 in the TRISB register must be cleared fo disable the pull-up on RE3
and ensure the proper operation of the device __J

h o s xr awr e = "I i T
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REGISTER 2-3: INTCON REGISTER (ADDRESS DBh, 8Bh, 10Bh, 18Bh)
RW-0 RAWV-0 RAALD RMWMLD RiWw.0 R0 RAN-D Ry
S T W [ roF ]
bit 7 bit 0

kit 7 GIE: Global Interrupt Enable bit
1 = Enables a| unmasked interrupts
0 = Disabjes g) interrupts
bit & PEIE: Peripheral Interrupt Enable it
1 = Enables aj| unmasked periphera| interrupts
0 = Disables zi) Peripheral interrupts
bit § TMROJE- TMRO Owverflow Intermupt Enable bit
1 = Enables the TMRO interrupt
0 = Disables the TMRO interrupt
bit 4 INTE: REQUNT Exlernal Interrupt Enabie b

bit 2 TMROIF: TMRO Overflow Interrupt Flag bit
1 = TMRO register has overflowed (must be cleared in software)
0= TMRO register dig not overflow
bit 1 INTF: RBONNT External Interrupt Flag bit
1 =The REBOANT external interrupt occurred (must he cleared in softwars)
0= The RBOANT external interrupt dig not ocour
bit O RBIF: RB Port Change Interrupt Flag bit

1= Al least one of the RB7:RE4 pins Changed siale: 5 mismatch condition wijl continue to sef
the bit, Reading PORTE wij end the mismatch condition and allow the bit o be cleared
{must be cleared jn software),

0= MNone of the RB7:RB4 pins have changed state

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘o

- N =\Value at POR 1"= Bit is set ‘0= Bl is cleared x=Biis unknown

____________—________—l'—_';_‘——_-__—__—l—_.— =
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2224  PIE1 Register ’Tum: Bit PEIE (INTCON<6>) must be sel Io
The PIE1 register contains the individual enable bits for enable any peripheral interrupt.
the peripheral interrupts,
REGISTER 2-4:  PIE1 REGISTER (ADDRESS 8Ch)
RWO RW-0 RWO0 RWO RAW-0 RW-0  RW-0  RWD
(PSPEM | ADIE | RCIE | TXE | SSPiE | ccP1iE | TMR2IE | TMRIIE |
bit 7 bit 0
bit 7 PSPIE: Parallel Slave Port Read/Write Interrupt Enable bitl?)

1 = Enables the PSP read/write interrupt
0 = Disables the PSP readiwrite interrupt

Note 1: PSPIE is reserved on PIC16FBT3A/BTEA devices: always maintain this bit clear,

bit 6 ADIE: A/D Converter Interrupt Enable bit
1 = Enables the A/D converter interrupt
0 = Disables the A/D converter interrupt
bit 5 RCIE: USART Receive Interrupt Enable bit
L = Enables the USART receive interrupt
0 = Disables the USART receive interrupt
bit 4 TXIE: USART Transmit Interrupt Enabile bit
1 = Enables the USART transmit interrupt
0 = Disables the USART transmit interrupt
bit 3 SSPIE: Synchronous Serial Port Interrupt Enable bit
1 = Enables the SSP Interrupt
0 = Disables the SSP interrupt
bit 2 CCP1IE: CCP1 Interrupt Enable bit
1 = Enables the CCP1 interrupt
0 = Disables the CCP1 interrupt
bit 1 TMRZIE: TMR2 to PR2 Match Interrupt Enable bit
1 = Enables the TMR2 to PR2 match interrupt
0 = Disables the TMR2 to PR2 match interrupt
bit 0 TMRAIE: TMR1 Overflow Interrupt Enable bit

1 = Enables the TMR 1 overflow interrupt
o = Disables the TMR1 overflow interrupt

Legend;

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

- n = Value at POR ‘1" = Bit s set ‘" = Bit Is cleared x = Bil is unknown
B —is3i - e EEE = s ™ S T T L Lt
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