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ABSTRACT

Presently, the usage of electricity is not balanced between day and night. High
demand from industrial, commercial and even residential at day time contributed to extra
power generation by Tenaga Nasional Berhad (TNB). Some of these generations’
resources, such as coal need all-time non-stop burning process. Due to this, there will be
some wastage of energy at night time. This study proposes dual tariff electricity for
domestic usage. Tariff will be divided into two which is peak time and off-peak time.
Off-peak time will have lower tariff compare to peak time. Today, domestic area is
using the typical energy meter, which only applicable for single tariff. To apply dual
tariff, a new meter should be used; Smart Meter for Dual Tariff. This meter work as
same as TNB energy meter, but it displays the energy usage for peak time and off-peak
time. There are two LED to indicate peak time and off-peak time. The meter has select
button to display important information, either energy usage, bill or tariff. The
development of the meter consists of the reverse-engineering of typical energy meter,
the separate energy accumulation for peak and off-peak and the display as interface.



ABSTRAK

Pada masa ini, penggunaan elektrik adalah tidak seimbang antara siang dan
malam. Permintaan yang tinggi daripada industri, komersil dan kediaman pada siang
hari menyumbang kepada penjanaan kuasa tambahan oleh Tenaga Nasional Berhad
(TNB). Beberapa sumber penjanaan elektrik, seperti arang batu memerlukan masa
proses pembakaran tanpa henti. Oleh yang demikian, terdapat pembaziran tenaga pada
waktu malam. Kajian ini mencadangkan dua tarif elektrik untuk kegunaan rumah
sahaja. Tarif akan dibahagikan kepada dua yang merupakan masa puncak dan masa luar
puncak. Masa luar puncak akan mempunyai tarif yang rendah berbanding dengan masa
puncak. Hari ini, kawasan perumahan yang menggunakan meter tenaga tipikal yang
hanya berfungsi bagi tarif tunggal. Untuk mengaplikasikan dua tarif, meter baru harus
digunakan; Smart Meter for Dual Tariff. Meter ini berfungsi sama seperti meter tenaga
TNB yang biasa, tetapi ia memaparkan penggunaan tenaga untuk masa puncak dan masa
luar puncak. Meter ini mempunyai butang pilih untuk memaparkan maklumat penting,
sama ada penggunaan tenaga, bil atau tarif. Proses pembuatan meter ini terdiri daripada
proses kejuruteraan terbalik dari meter tenaga tipikal, pengumpulan tenaga yang
berasingan bagi puncak dan luar puncak dan paparan sebagai penghubung.
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CHAPTER 1

INTRODUCTION

1.1 Current Issue

Electricity in Malaysia was managed by TenagaNasionalBerhad(TNB) alone.
Electricity in Malaysia can be divided into five which is industry, domestic,

commercial, public lighting and mining and agricultural[1].

Figure 1.1:Single phase electronic kWh energy meter



For domestic application, TNB implement typical electricity meter or energy
meter to all houses. Energy meter or electricity meter as in Figure 1.1is a basic meter
that will calculate,display and record electrical energy consumed by user per month
in terms of KWh unit [2].

Table 1.1 : Domestic Tariff in Malaysia

Domestic Tariff
Unit Rates

For the first 200 kWh (1-200 kWh) per month sen/kWh 21.8
For the next 100 kWh (201-300 kWh) per month sen/kWh 334
For the next 100 kWh (301-400 kWh) per month sen/kWh 40.0
For the next 100 kWh (401-500 kWh) per month sen/kWh 40.2
For the next 100 kWh (501-600 kWh) per month sen/kWh 41.6
For the next 100 kWh (601-700 kWh) per month sen/kWh 42.6
For the next 100 kWh (701-800 kWh) per month sen/kWh 43.7
For the next 100 kWh (801-900 kWh) per month sen/kWh 45.3
For the next 100 kWh (901 kWh onwards) per month | sen/kWh 454
The minimum monthly charge is RM3.00

Table 1.1 show domestic tariff implement by TNB. This tariff is called block
tariff. Every month, TNB worker will come to every house to calculate the bill using
block tariff[1]. This tariff will cost the customer due to their consumption rates. If
their consumption is higher, so the bill will increase and vice versa. This block tariff
has no relationship with the time of use of energy. Related to this, consumer can use

the electrical energy whenever they want, day or night.



1.2 Problem Statement

Normally, office or commercial customer will start their operation on 8 am
until 5 pm. Industries also have same operation hours. Only some industry operates
24 hours.Electrical energy consumption for housing area is higher starting from 6 am
until 10 pm. This is due to house cleaning using vacuum and laundry that is usually
done during the day. This show that energy consumption during the day is higher
than night and this create an imbalanced energy consumption between night, which is
off-peak time and day, which is peak time.Due to this, there will be some waste of

energy produced by TNB at night.

The way to overcome this problem, dual-tariff system should be implemented
to housing area. Dual-tariff is totally different from block tariff that is used by TNB
for domestic nowadays. Dual-tariff is a tariff with two rates which is differs by time
which is peak time and off-peak time [3]. A rate for peak time is higher than off-peak
time rates. Higher rates for peak time will teach domestic customer to reduce the
electrical energy consumption during the day and plan to use the electricity during
the night.

Dual-tariff system cannot be implemented if domestic area still using energy
meter. Smart meter which is compatible for dual-tariff must be design. A meter for
dual-tariff already in market, but to be more innovative, this meter will be improved
to become smart meter. Basically, of course this meter can calculate, display and
record electrical energy consumption over specified period of time for peak time and
off-peak time. It is called smart meter because it also can display bill and dual-tariff

other than energy consumption.



1.3 Background Study

Actually, TNB already offers dual-tariff rates, but only for industry and
commercial customer which operates 24 hours. TNB does not have any short-term

planning to convert block tariff to dual tariff system for domestic area.

TNB dual tariff rates that already been used by industries and commercial

customer as shown in Table 1.2 will be used for this project.

Table 1.2:Dual tariff rates for Industries

Special Industrial Tariff (for consumers who qualify only)

Unit Rates
For each kilowatt of maximum demand per month during the RM/kW 27.70
peak period
For all kwh during the peak period sen/kWh 28.3
For all kwh during the off-peak period sen/kWh 16.1
The minimum month charge is RM600.00

1.4 Objective

Objective of this projectisto:

i.  Develop a smart meter that is compatible for dual tariff system.
ii.  Propose the usage of dual tariff system for home/domestic application.

iii.  Re-balanced the energy usage between day and night.




1.5 Scope of Project

This project will cover :

I.  Single Phase Application
ii.  Sinusoidal Current

This smart meter only applicable for single phase application. TNB already
implement dual tariff for industries which is using three phase meter.



CHAPTER 2

LITERATURE REVIEW

There are many country that already implement dual tariff system or
commonly known as time of use tariff (ToU). Time for time-of-use tariff is different
from each country, depends on the seasons time.Time-of-use tariff also can become a
business strategy for certain country. No matter what reasons time-of-use tariff had
been choose, the main cause is time-of-use give benefits to the country and users.
Australia, United Kingdom, Canada, South Africa, USA, Spain and Switzerland is a
country that already implement time-of-usetariff[3,4,5].

Australia already use time-of-use tariff for housing area[6].In Australia, the
user can choose whether time-of-use tariff or single rate tariff depends on the way of
energy consumption. If the user think that time-of-use is not suitable with the way of
their life, they can choose single rate tariff. It is same for UK, which the system and
meter known as Economy 7[7].

Before some changes can be made, a study and survey on acceptance of
customer should be made by electrical energy supplier, which is TNB in Malaysia.



This is what Victorian Government do. They still study the impact of time-of-use
tariff. Until 2012, time-of-use tariff will not be used in Victoria[6].

Ontario, Canada also implement time-of-use tariff for domestic application,
but with three different times, which is off-peak, mid-peak and peak time as shown
in Figure 2.1. Other than that, the rates also differ between summer and
winter.Special things about Ontario time-of-use tariff is weekends and holidays will
be off-peak time[8]. Customer must check the rate of tariff frequently to reduce the
bill. 1t is more easier if the user can read the tariff from the meter because the tariff is

always change by time in this situation.

I oiiooeax

- Mid-peak

3:."::— SUMMER (May 1 — October 31) :éé: WINTER (Movember 1 — April 300

Figure 2.1:Time-of-use tariff in Ontario

Eskom western region, South Africa already carried out a case study on time-
of-use tariff to re-balance the usage of energy[9]. The case study shows that
electrical energy consumption can be re-balanced using time-of-use tariff.Same
situation goes for Spain, which time-of-use tariff was carried out to decrease
overcapacity during peak time[10].


http://www.ieso.ca/imoweb/siteshared/tou_rates.asp?sid=ic&Chart=SUMMER

In USA, there is an electrical energy supplier known as Baltimore Gas and
Electric (BGE) Company used time-of-use tariff as business strategy[11].Only
customer that buy electrical energy from BGE company can enjoy the benefit of
time-of-use tariff. In Malaysia, TNB is the only electrical energy supplier, so that

TNB have no worries about the strategy.



CHAPTER 3

METHODOLOGY

3.1 TNB Meter

TNB have their own requirement for the meter. There are four company build
a meter for TNB. One of it is Malaysian intelligent Meters (MiM).All the design
purely from TNB. All the meters itself have a sensitivity which no one can open the
meter or else the meter will be broken. This action was taken to make sure no one
can modify or copy the meter. To make sure this smart meter can fulfill all the
requirement from TNB, a real TNB meter is used as illustrate by Figure 3.1. The
meter chosen is digital meter for domestic application from MiM as Figure 3.2. This
meter will read the current and voltage to calculate power consumption by user. For
every 1Wh use, a pulse is produce. People can detect the pulse using the LED
indicator. For this project, this pulse will be use as an input for processor to calculate

power consumption by user.
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Figure 3.1:Block Diagram for Smart Meter
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As shown by Figure 3.3, A and C is for live wire in and out. B and D is for
neutral wire in and out. Output pulse will be connected to PIC16F877A pin 2 as an

input.
TNE
METER
Al B c|D
& K
OQUTPUT
PLILSE
Yy
Live and Live and
Neutral Neutral
Wire from Wire to Load
source (240V)
(240V)
Y
PIC16FE77A

Figure 3.3:Block Diagram for TNB Meter Connection
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3.2 LCD Display

Figure 3.4:16x2 LCD display

This smart meter is use 16x2 LCD display as Figure 3.4. Using this LCD,
both peak time and off-peak time important information can be display together.
Clock also will be display using this LCD display. First line is for peak time and
second line is for off-peak time.There are three pushbutton to select either energy
usage, bill or tariff to be display at LCD.
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3.3 PIC16F877A

PDIP

MCLRNPP ~——a [] U 401] =— RB7/PGD

I
RAQ/AND ——u []2 39[] =—» RBB/IPGC
RAT/ANT =— []3 38[] =——= RBS
RA2/AN2NVREF-/CVREF e []4 37| ] =—e RB4
RA/AN3VREF+ «——s []5 36[] e—e RB3PGM
RA4TOCKI =—a []5 35| «—a RB2
RAS/AN4/SS ~—a []7 34[] =—= RB1
REO/RD/ANS =—s []8 33[] ~—= RBO/INT
RE IAWR/ANG =— [|g 32{] =—— VDo

RE2ZCSIANT =— [J10 &  31[] =-—Vss
voo— [ I 30[] «—= RO7PSP7
Vss 012 & 2 ] -— RDGPSPE
—
OSCI/CLKIN — []13 % 28[] =— RD5/PSP5
OSC2CLKOUT w——[]14 ¥  27[] =—s RD4/PSP4
RCOTIOSOMICK =—s-[J15  ©  26[7 =—e RCTRXDT
RCUTIOSICCP2 w—s- []16  B=  25[] «—a RCETX/CK
RC2/CCP1 =— []17 24[] =—e RCHSDO
RC3/SCK/SCL =— []18 23] =—= RC4/SDISDA
RDO/PSPO =—s []19 22[] <«—s RDIPSP3
RD1/PSP1 ~—a []20 21[] =— RD2PSP2

Figure 3.5:PIC16F877A Pin Configuration

Figure 3.5 shows PIC16F877A that work as a processor. Input source for
PIC16F877A only 5V.Due to this, voltage regulator LM7805 is used. The input
supply is 240V-230V. It will step-down to 6V. Using voltage regulator LM7805,
output voltage is 5V and become input voltage for PIC16F877A.

At first, PIC16F877A will take the data from TNB meter. For every pulse it
receives, it is equal to 1Wh. It will count up every time it get the pulse. The data will
be stored depends on time. If the pulse trigger between 6am until 6pm, data will be
store in peak time memory. If the pulse trigger between 6pm until 6am, the data will
be store in off-peak time memory.PIC16F877A have 256 bytes EEPROM data
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memory. Due to this, no external memory is needed for this smart meter. Other than
that, PIC16F877A also already have internal clock. But, whenever the power supply

is switch off, then all the data and clock will be reset.

3.4 Circuit Digram

TUNGR 18X2 R2

LCD DIEFLAY 16:2

Enonk

i

Figure 3.6:Circuit Diagram of smart meter
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Figure 3.6 shows the circuit diagram for smart meter illustrated using Eagle
Software. We can see that the pulse from TNB meter will cross the PNP transistor.

PIC16F877A will count up the data whenever it get low input.

3.5 Programming

All the programming is done using microC PRO for PIC.

//define pin used

#define ip PORTA.FO
#define swl PORTC.FO
#define sw2 PORTC.F1
#define sw3 PORTC.F2
#define led_red PORTD.F2
#define led_green PORTD.F3
#define sec_flag flag.FO

#define sw_flag flag.FO //mode position for display

/ldeclare variables

charmsec,sec,minutes,hour;

char flag;

char vall;



char peak;
charnon_peak;
char temp;
char txt[20];
char t;

char x;

char mode;
double price;

char j;

/[function prototype
voiddisplay_meter(void);
voiddisplay_num(void);
voidshow_clock();
voidset_timer();
voiddisplay_bill();
voiddisplay_tariff();

void display(char,char,float);

//******************************

/ltimer intterupt
/lintterupt every 1msec

/lincrease sec,minutes and hour

17



void interrupt(){

if (INTCON.TOIF){
asm{clrwdt}
msec++;
if (msec>60){
msec = 0;
sec++;
sec_flag=1,;
if (sec >=60){
sec =0;
minutes++;
iIf(minutes>=60){
minutes=0;
hour++;
if(hour>=24)

{

hour=0;
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//*********************************

//main program

void main(void)

{

ADCON1=0x06; /linitialize off analogue

TRISA=0xFF; /[set input or output for porta-portb 1=input,0=output
TRISB=0x00; /Iportb as output Icd

TRISC=0x0F; /Iportc for switch input

TRISD=0x00; /lelse all output

TRISE=0x00;

PORTA=PORTB=PORTC=PORTD=PORTE=0x00; //clear ports
INTCON=0xAO; /lon timer interrupt
OPTION_REG=0b10000101;

LCD_Config(&PORTB,4,5,6,3,2,1,0); //set Icd define to portb

Lcd_Init(&PORTB); // Led_Init_EP4, see Autocomplete
LCD_Cmd(LCD_CURSOR_OFF); // send command to LCD (cursor off)
LCD_Cmd(LCD_CLEAR); // send command to LCD (clear LCD)

peak=non_peak=0;



sec=minutes=hour=0x00;

mode = 0;

/lendless loop

do

{

/Iclear all time

/Istart mode =0

if(hour>=6 && hour<=18) /lwhen hour from 06-18 then led red on

{
led red=1;
led_green=0;
}

else

{
led_red=0;
led_green=1,

}

if(mode==0)

{

if(sec_flag)

{

/lelse non peak hour led green on

/Iwhen mode =1??

/levery 1sec will display clock

20



show_clock();
sec_flag=0;
}
set_timer();
display_meter();
¥
else if (mode==1)
{
display_bill();
¥
else if (mode==2)
{
display_tariff();

}

if(swl && !sw3)
{

if(mode>=2)

mode=2;

else

mode++;
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/[call display clock on Icd

/[call display peak and non peak units in lcd

/lwhen mode =1

/lcalculate and display bill at lcd

/lwhen mode =2

/ldisplay tariff at Icd

/lincrease mode when swl1=1 and sw3=0

/lthen increase mode value



LCD_Cmd(LCD_CLEARY);

while(swl && 'sw3);

}

if(sw2 && !sw3)
{
if(mode<=0)
mode=0;
else
mode--;
LCD_Cmd(LCD_CLEARY);

while(sw2 && !sw3);

}

/Iwait until button released

/ldecrease mode when sw2=1 and sw3=0

/lwait until button released

if(tip) /lwhen input detect low

{

if(hour>=6 && hour<=18)

/lcheck timer = peak??

peak++; /lthen peak value+1

else

non_peak++; /lelse non peak value ++
while(lip)

{

22



}

delay_ms(100); //delay msec
}

Twhile(1); //keep looping

}

//************************************

voidshow_clock(void) /[display time on lcd

{
lcd_out(1,1,"Time:");
bytetostr(hour,txt);
display_num();
Icd_chr_cp(:);
bytetostr(minutes,txt);
display_num();
Icd_chr_cp(:);
bytetostr(sec,txt);
display_num();

}

//***********************************
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voiddisplay_num(void)
{

if(txt[1]!="")
led_chr_cp(txt[1]);
else

led_chr_cp('0");
if(txt[2]!="")
lcd_chr_cp(txt[2]);

else

lcd_chr_cp(0?);

}

/[display number of peak and non peak on lcd
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//*******************************************************************

*hkkkhkhkkkiikkk

voiddisplay_meter(void)
{

lcd_out(2,1,"P:");
bytetostr(peak,txt);

Icd_chr_cp(txt[0]);

//call function to display Peak and non Peak values



lcd_chr_cp(txt[1]);

Icd_chr_cp(txt[2]);

Icd_out(2,9,"NP:");
bytetostr(non_peaktxt);
lcd_chr_cp(txt[0]);
lcd_chr_cp(txt[1]);
lcd_chr_cp(txt[2]);

}
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//*******************************************************************

*khkhkhhkkk

voidset_timer(void)
{

if(sw3 && swl)

{

if(hour>=23)
hour=0;

hour++;
show_clock();

while(sw3 && swl);

¥

/lfunction to set timer

/lpress buttonl and button3 then increase hour
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elseif(sw3 && sw2) /lpress button2 and button3 then increase minutes
{

if(minutes>=59)

minutes=0;

minutes++;

show_clock();

while(sw3 && sw2);

¥
¥

//*******************************************************************

*khkhkhhkkk

voiddisplay_bill(void) //calculate to display bill
{

lcd_out(1,1,"RM-P:"); /[count peak

price = peak * 0.0283;

display(1,6,price);

lcd_out(2,1,"RM-NP:"); /[count non peak

price = non_peak * 0.0161;

display(2,7,price);

¥
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voiddisplay _tariff(void)

{

lcd_out(1,1,"P:28.3 KW/H");
lcd_out(2,1,"NP:16.1 KW/H");

}

//*******************************************************************

*khkhkhkhkk

/ldisplay calculation value at Icd
voidloop_display(void)

{

for(j=0;j<=3;j++)

{

if(isdigit(txt[j]))
Icd_chr_cp(txt[j]);

}

¥

void display(char x, char y, float value)
{

lcd_chr(x,y,'=);

for(j=0;j<=12;j++)

txt[j]=0;



floattostr(value,txt);

if(value<=0.001) /lwhen current <0.001
{

lcd_out(x,y+1,"0.00");  //then display 0.00

}

else if(value<=0.01) //when < 0.01

{

lcd_out(x,y+1,"0.00");  //display 0.00

loop_display(); /[display float conversion
}

else if(value<=0.1) /lwhen <0.1

{

lcd_out(x,y+1,"0.0");  //display 0.0

loop_display(); /[display conversion
}

else if(value<=1) /lwhen < 1

{

lcd_out(x,y+1,"0.");
loop_display();

¥

else if(value>1) /lwhen > 1

{

for(j=0;j<=2;j++)

28



{
if(isdigit(txt[j]))
lcd_chr_cp(txt[j]);
if(txt[j+1]==""

{

Icd_chr_cp(txt[j+1]);

Icd_chr_cp(txt[j+2]);

break;

k
¥
k

29
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CHAPTER 4

RESULT ANALYSIS AND DISCUSSION

In this prototype meter, pulse from actual TNB meter is used.A good quality
meter will give 1000 pulses for 1kWh energy usage. So, one pulse equal to 1Wh
usage. This meter must be test to make sure the pulse send to PIC16F877A is
accurate.

A resistive load of 2400W is connected to TNB meter. The output pulse from
TNB meter is observe using oscilloscope. Figure 4.1 show that complete one cycle is
20ms and frequency is 50Hz.

Figure 4.1:Complete Output Pulse
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Figure 4.2 shows that output pulse is OV.Vp for the signal is 464mV.

Figure 4.2:0utput pulse from TNB meter
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A period for one cycle pulse is shown by Figure 4.3, which is 88ms.

Figure 4.3:0ne Cycle Pulse
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M Poss 100008

[ ype
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Delta
1.760s
568.2mHz

Cursor 1
=680.0ms

| Cursor 2
| 1.080s

1 1.00s CCH1 /000
49,9553Hz

Figure 4.4:Time between two pulses

Figure 4.4 shows that period for the pulses to trigger is every 1.76s.
Using a theory ;
E (1 hour) = 2400Wh

So in 1 hour, there will be 2400 pulses.

__ 1hour,
T 2400

__ 60x60 _ 3600

2400 2400

T=15s

This show that the meter work properly but maybe the input voltage at that
time is not 240V, but reduce to 130V and give a reading for 1.76s.

An experiment also had been done at TNB Asia Jaya Laboratory. The
experiment is to compare the reading of current for load that have above 0.5 power
factor and below 0.5 power factor. It shows that when power factor is low, then the
current draw will be decrease and meter reading for power consumption will be
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reduce. That is why if the industries have power factor below 0.85 will be
penalize.The industries with low power factor will use high power consumption but
pay less.

For domestic area, power factor is not the concern subject. So, energy meter
for domestic application does not calculate power factor. But, the user still will pay
less than what they use if their load having low power factor.

Figure 4.5 shows the prototype meter, which have 3 functioning button, an
LCD display and PIC16F877A as a main component.

Figure 4.5:Prototype Meter
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CHAPTER 5

CONCLUSSION AND FUTURE RECOMMENDATION

5.1 Conclusion

Dual-tariff system for domestic application is the best way to re-balance the
electrical energy consumption between day and night in Malaysia [6][7]. Dual-tariff
system will teach the domestic customer to use the electrical energy more during the
off-peak time. Related to this, a compatible meter with dual tariff system must be

developing.

5.2 Future Recommendation

The internal clock for this meter should have an external power to ensure the
clock is still running even during electricity black out. This is important to make
sure the indicator switch on at the right time and data was store in the right place.



36

REFERENCE

[1] TNB Announcement. Available: www.tnbbuzz.com retrieved on 5.10.2011

[2] "Energy Meter," Energy Meter, 2002.

[3] I. G. Paterson,"Designing time of use tariffs for local authorities”, IEEE,
South Africa, 2009.

[4] K. Campbell "Implementation time of use tariffs",|IEEE, Republic of South
Africa, 2009.

[5] D.P.theron, "A PC-BASED METER-TO-BILL INTERFACE FOR A TIME-
OF-USE TARIFF", IEEE, Eskom, 2009.

[6] Smart meter guide and cost. Available: www.switchwise.com.au retrieved on
15.10.2011

[7] Economy 7. Available: www.uswitch.com retrieved on 23.10.2011

[8]  time-of-use prices Available: www.ieso.ca retireved on 15.10.2011

[9] D. Ramsbottom, "time-of-use tariffs in eskom western region,” November
2009.

[10] M. Filippini, "short and long-run time-of-use price elasticities in Swiss
residential electricity demand,"” 2010.

[11] (2011, time-of-use pricing. Available: www.bge.com retrieved on 24.10.2011


http://www.tnbbuzz.com/
http://www.switchwise.com.au/
http://www.uswitch.com/
http://www.ieso.ca/
http://www.bge.com/

APPENDICES

37



APPENDIX A

38



39

LCD-016M002B
Vishay

16 x 2 Character LCD

FEATURES

= b x B dots with cursor

= Budt-in controller (K5 0066 or Equivalent)

= + 5\ power supply (Also available for + 3V)

= 116 duty cycle

= B 1o be driven by pin 1, pin 2 or pin 15, pin 16 or ALK {LED)
= M.V. opional for + 3V power supply

MECHANICAL DATA ABSOLUTE MAXIMUM RATING
ITEM STANDARD VALUE UNIT ITEM EYMBOL | STANDARD VALUE | UMNIT
Module Dimanslion 800 x 380 Imm MM TYR MAX.
Vieswing Arsa g6.0x 18.0 mm Power Supply | VDD-VSS | -n3 | - 70
Dot Size 056 X .68 mm Input Valiage i oz | - | voo
Characiar Siza 206 x 568 mm

MOTE: VS5 = 0 Vi, VOD = 5.0 Vait

ELECTRICAL SPECIFICATIONS
ITEM SYMBOL COMDITION STAMDARD VALUE UMIT
MIM. TYP. MAX,
Inpun Voltage VDD VDD = + BV 47 50 5.3 L
VDD = + 3V 27 a0 53 v
Suppiy Curment oD VDD = 5W - 12 a0 mé,
- 30 oG —_ —_ —_
Recommended LG Criving | VDD - VO G 42 48 5.1 v
Valmga for Momal Tamp. fi a8 42 48
Varsion Moduis B0°C 28 40 44
TG - - -
LED Forward Voimge VF 25°C - 42 48 v
LED Forward Current IF G | Amay - 130 260 mé
Edga - 20 40
EL Power Supgly Curment IEL Vel = 11 OVAG:400Hz - - 5.0 mé

DISPLAY CHARACTER ADDRESS CODE:
Display Positian
2 3 4 B B 7 B B 10 11 12 13 14 15 18
DoRAMpoaress [ o0 T on [ [ T [ [ T T T T T T [ T Tur]
pomamacoress | 40 [ar | [ [ | | [ [ [ [ [ [ [ [ [e¢]
Document Mumier: 37217 Faor Technical Questons, Comact: DIsglavsRVIsiav com WwW_vishay com

Aevision 01-0cH02 a
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LCD-016M002B
Vishay 16 x 2 Character LCD
PIN NUMEER SYMBDL FUNCTION
1 V55 GND
2 Vidd + IV or 4 BV
g Vo Conirast Afusiment
4 AS HIL Reglsier Select Signal
3 W H/L ReadWrie Signal
L E H —L Enable Signal
¥ el H/L Data Bus Ling
2 Dai WL Daia Bus Line
k! oEz H/L Daia Bus Line
10 Dag H/L Daia Bus Line
i Ded H/L Data Bus Ling
12 Das WL Daia Bus Line
13 Des H/L Data Bus Ling
14 oav? H/L D=ia Bus Line
16 AlNea 4+ 4.2V for LED/Negative Voltags Outpul
18 K Power Supply for BAL {0V}

DIMENSIONS in millimetars

800105
5 .2
T.55 6.0 [WA)
- 1245, 56.2 (AR}
P El |eg Peseissael _ - 1 MAX
S I e of | 16 @ 1.0 PTH w'l "
_'|_| P > -
i = i
- aj
= =
HMEE sls— = )
i ] e e e e | I =
- e ] ) o S
L8 =
i i
ap1n/ ﬁ;ﬂ.ﬁ_} Y4025 PTH ol 18 1.6
25 TED 43 50PAD EL OR NO BAL
LED - H'L B/L
HIGH | Low
Hi 132 121
Hz B.E 75
Waw.vizhay.com For Technical Questions, Comact: DEgEVEGVIENEY Com Document Number: 37217

az Revislon 01-0ce02
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MICROCHIP PIC16F87 XA

28/40/44-Pin Enhanced Flash Microcontrollers

Devices Included in this Data Sheet: Analog Features:
= PIC1G6FET3A = PIC1GFETEA * 10-bit, up o B-channel Analog-io-Digital
- PIC16FET4A - PIC1GFETTA Converter (A/D)
- Browm-out Reset (BOR)
High-Performance RISC CPU: » Analog Comparator module with:
. . ) - Two analog comparators
= Only 35 single-word instructions to leam - PR b g vok rek
. Msr@&mmm except for program (VReF) module
o i - Programmable mput multiplexing from device
« Operating speed. DC — 20 MHz clock input inputs and intemal voltage reference

DC — 200 ns instruction cycle

- Comparator outputs are extemally acoessible
= Up o 8K x 14 words of Flash Program Memary, ¥

Up fo 358 x B bytes of Data Memory (RAM), P .
Up to 256 x B bytes of EEPROM Data M Special Microcontroller Features:
- Pinout compatible to other 28-pin or 40/44-pin « 100,000 erasesmrite cyche Enhanced Flash
PIC1SCHXX and PIC16FXX microcontrollers program memory typical
« 1,000,000 erasefwrite cyde Data EEPROM
Peripheral Features: memaory typical

= Data EEPROM Retention = 40 years

= Timer(l: 8-bit tmerfcounter with 8-bit prescater el mmable

= Timer1: 18-bit Gmerlcounter with prescaler,

¢an be incremented during Sleep via external * In-Circuit Serial Programming™ (ICSP™)

enystaliclock via two pins
. Tumer2: 8-bit Emericounter with & bit period + Single-supply 5V In-Circuit Serial Programming

register, prescaler and postscaler = Watchdog Timer (WDT) with its own on-chip RC
» Two Capture, Compare, PWM modules oscilator for refiable m

- Capture is 16-bit, max. resolution is 12.5 s - Programmable code protection

- Compare is 16-bit, max. resolution is 200 ns » Power saving Sleep mode

- PWM max. resclution is 10-bit - Sedectable oscillator options
) Serial Port (SSP) with SPI™ -+ In-Circuit Debug (ICD) via two pins

{Masier mode) and I7C™ (Master/Save)
. Universal Synchronous Asynchronous Receiver CMOS Technology:

m (USART/SCI) with 8-bit address + Low-powes, high-speed FlashEEPROM
= Paralel Slave Port (PSP) - B bi‘ElHidE'Wiﬂ‘! » Fully static design

external FIJ, m.md . WS {40/44-pin only} . Wide ing range (2.0 to 5.5V)
" Brown-out m&’&?“’m + Commercial and Industial temperature ranges

= Low-power consumption
Program Memory | o0 M55P
EEFROM 10-bit ccP Timsars:
P | oytan | # Single Woral BER | ytas) | O | rm o) | (P | Mt | USART | gy | Comperstors

[PiCicratan| 7.28 0% 152 2 [ =] & T |ves| Tes | Ve I ]
PICIGFaT4A | 7.2 AD56 192 | 128 | 33| & Z |Yes| Yes | ¥es | =21 ]
PICIGFITEA | 143K Bi1az2 368 256 pr ] 5 2 Yee| Yes Wias M 2
PICIGFATTA | 143K 6132 363 256 33 ' 1 2 Tes| Yes ies 21 2

& 2003 Microchip Tachnology Inc. DS395826-page 1
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PIC16F87XA

Pin Diagrams (Continued)

40-Pin PDIP
MCLRNrr —a-[] 1 e 40 [] =—= RETPGD
FRANAND a—mn[]2 3] a—m RESPGED
FANANT e[ 3 35 [] stei= RES
RAZANZREFFCVRLE g [7] 2 3T ] g RES
RANANI L= g [T 5 35 [] et REZPEM
RALTOCKICHOUT = & 3= REZ
RASANAEECIOUT =—a-[] 7 4 ulje—= RE
RENRDNANS =—n[] 8 E  :fe= meowr
REvARANE == 2  2f em—vm
REZCEANT 4mtm ] 10 F 31 [ b van
vio_ wflu 5 30 -+ roTEseT
VES g [ 12 g 23 ] =—= RODEFEFE
OSCAUCLK] memte[] 13~ T 25 [] memti= ROSPEFS
OECITLND =— [ 12 E 27 == RD4FERS -
RCOTIOSOMICK a—w[] 15 26 a—w ROTRGOT
RCUTIDSICEP s 16 25 [ -a—s- ROETRCHK H
RCHCCP e [ 17 24 [ = ROEIEDD g
RCVECHIECL w18 23—t ROAEOWEOA .-5‘ gy
RDVFSPD =—e-[] 13 22[] == RO3PEF3 ﬁgié Eﬁ
ROUPEF1 =—n-[] 20 21 == ROZPEFZ ;ga;‘ S'@Eﬁﬁ&‘
wenmee ML
FAUTIGEICIOUT ﬂ“?ﬂﬂ‘—32u;335:|._. -
CUT . e B
e = o
-— 360 4 RBOWT
RENCHANT e[l 13  PICIEFETAA  35J=— Voo
Voo —= 4z e e

ves —=OZ PICIGFSTTA  HMo—= mooresr

ryl

ROVPE el

REEPEE
ROAFEP
RCAMSDVEDA,

[
4
28
b
7

O

==

RDOPEPD

44-Pin TQFP

= 2 -
RCTRADT =K IR 33 HE
RD4PERL gz A2 =t RCOTHOSONTICKD
ROSIPERS =Kl 3 p—e
ROGFPEPS =i e LK
ROTIFEFT 1k PIC1GFETAA ZSE-'— Vs
Was = 28 ~— Voo
Voo B FICAEFETTA et REZTEIANT
RBOANT 8 R =t RE 17RANE
RE1 E] ) e \HE
RE2 I 1 M=t RASANAEEC2ZOUT
REVPGM I 1 H ==t~ RALTOCFICIOUT

& 2003 Micochip Technoiogy Inc. D5395326-page 3



PIC16F87XA

1.0 DEVICE OVERVIEW

This document contains dewice speciic information

about the following devices:

- PIC18FET3A

» PIC1GFET4A

- PIC18FETEA

 PIC18FETTA

PIC16FET3ABTEA devices are available ondy in 28-pin

packages, while PIC16FET4A/BTTA devices are avail-

able in 40-pin and 44-pin packages. All devices in the

PICAGFETXA family share common architecture with

the following differences:

« The PIC10FET3A and PIC16F374A have one-half
of the total on-chip memory of the PIC16FETEA
and PIC16FETTA

= The 28-pin devices have three /0 ports, whie the
40/44-pin devices have five

= The 28-pin devices have fourteen intemupts, while
the 4{V44-pin devices have fifieen

= The 28-pin devices have five AJD input channels,
while the 40/44-pin devices have eight

= The Parallel Slave Port is implemented only on
the 4V44-pin devices

The avalable feahmes are summarzed in Table 1-1.
Block diagrams of the PIC18FETIAMETEA and
PIC18FAT4ABTTA devices are provided in Figure 1-1
amd Figure 1-2, respectively The pinouts for these
device families are isted in Table 1-2 and Table 1-3.

Additional information may be found in the PICmicro®
Mid-Range Reference Manual (D533023), which may
be obtained from your kocal Microchip Sales Represen-
tative or downloaded from the Microchip web site. The
Reference Manual should be considered a complemen-
tary document to this data sheet and is highly recom-
mended reading for a better understanding of the device
architechure and operation of the peripheral modules.

TABLE 1-1: PIC16FBTXA DEVICE FEATURES
Key Features PIC16FETIA PIC1GFBT4A PIC16FETEA PIC16FBTTA
Operating Frequency DC— 20 MHz O — 20 MHz DC — 20 MH= DC — 20 MHz
Resets (and Delays) POR. BOR POR, BOR POR, BOR POR, BOR
(PWRT, O5T) {PWRT, O5T) [PWRT, O5T) (PWRT, O5T)
Flash Program Memaory 4K 4K BK 8K
{14-bit words)
Data Memaory (bytes) 192 182 358 368
EEPROM Data Memory (bytes) 128 128 256 256
Intermupis 14 15 14 15
1"D Ports Pots A,B,C |PorsA.B,C,D,E| PorsAB,C Poris A, B, C.D,E
Timers 3 ] E 3
Capture/Compare/™WM modules 2 2 2 2
Serial Communications MS5P. USART MSSP. USART MESSP, USART MSSF, USART
Parallel Communications — PEP — PSP
10-bit Analog-to-Digital Module 5 mput channels | 3 input channels | 5input channels | B 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 2B8-pin PDIP 4(-pin PDIP
2B-pin SOIC 44-pin PLCC 28-pin SOIC 44-pin PLCC
28-pin S50P 44 -pin TQFP 2B-pin S50P 44-pin TQFP
28pin OFN 44-pin QFM 2B-pin QFM 44-pin QFM

& 2003 Micochip Technoiogy Inc.

D5395326-page 5
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PIC16F87XA

FIGURE 1-1: PIC16FETIA/ETEA BLOCK DIAGRAM

13 DaaBus  ° PORTA
Program Counier RATIAND
Flash ‘ RALANT
Program ! | RAZANNRer-Cner
Memory & Level Siack AR 1 RAZANINNEr+
Flie o (W] RALTOCKUCACUT
3am Registers RASANAEEICIOUT

REOANT
REA

RE2
REAPGM

RES
REEPGC
RETIPGD

RCOTIDEOITICK]
RCAT1DENCCF2
REZCLH
RCVBCKECL
RC4EDVEDA
RCEAE00
ROETRICK
RCTRNDT

Be=>

OBCACLE]
QECZCLND

TR woo,Vas

Timel Timerd Timer2 10k AT

Catn EEFRON [ ] Serial Port USART Comparaior R —

FIC1EFETIA 45 words 152 Byies 122 Byles
FIC1EFETRA £ wors 3 Byies 255 Bytes

Kote 1: Higher crder bl are from e Sl regisier

_______________________________________________________________________________________________]
D395825-page & 2003 Microchip Technology Inc.
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PIC16F87XA

FIGURE 1-2: PICA1GFETAAIRTTA BLOCK DIAGRAM

13

Diats Bus 8 PORTA

Inestrucion
Decode &
‘Caontrol
Timing
= sensraion
CHECACLE]
DECINCALED
Faralel
TimeD Timeri Timer2 10-bk AD Sime Port
‘ ‘ it it it
| 1 ¥ v v 3
olage
Darts EEFROM CCP1.2 Eerial Port UBART Comparior Reference
Davios Program Flach Dizrka Mlsmnory Dwis EEPROM
FICAEFETAA S words 192 Byles 128 Bytes
FICIEFETTA S wornds 358 Byles I5E5 Bytes

Hode 1: Higher order bits ars from the Siaius negister.

& 2003 Micochip Technoiogy Inc.
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PIC16F87XA

TABLE 1-2: PIC16FBTIA/ETEA PINOUT DESCRIPTION

POIRSOIC. | @ | voe | Bumer
Fin Nama s550PFing | Ping | Type | Type Deacription
OSCIACLK 9 & STICMOS | Oscliator crystal or extemal cock input.
0sC1 I Ceclilator enystal Input or extamal clock source Input. ST
buffar when configured In RC mode; othansise CMOS.
cLKl I External ciock source Input Always associaied with pin
funciion OSC1 {see DSCCLK], OSCHCLKD pins).
OSCACLKD 10 7 — CCIIDn crystal or cock outpul
0sc2 o Osclllator crystal output. Connects to crystal or resonator
In Crystal Cacllator mode.
CLKO o In RC mode, DSC2 pin outputs CLKO, which has 174 the
frequency of OSC1 and denotes the Instuction cycle rabe.
s 1 F3 =T Master Clear {input) or programming voiage joutput).
R 1 Master Clear (Reset) Input. This pin ks an active low Resat
1o the davice.
ViR P Programming voitage Input.
PORTA Is a bidinectional 1O porl.
RADMAND 2 7 T
RAD 1o Digital 140
AMD I Analog Input 0.
RA1IANT 3 28 T
RA1 1o Digital 140
ANI I Analog Input 1.
RAZIAN2VREr 4 1 T
CVREF 1o Digital 140
RAZ I Analog Input 2.
AMZ I AID reference voltage {Low) Input
VREF- o Comparatns VRer output
CVReF
RAANIIVREF+ 5 2 T
RAZ 1o Digital 1O
AN I Analog Input 3.
VREF+ I AID reference voltage (High) Input.
RA&TOCKUCIOUT 6 3 =T
A4 1o Diigital 140 — Open-drain when configured as output.
TOCKI I TimerD extamal ciock Input.
ciouT o Comparator 1 output.
RASIANATSACI0UT 7 4 m
RAS 1o Digital 1O
ANA I Analog Input 4.
= 1 SP| slave seist Input.
c2oUT o Comparatos 2 output.
Legend: | = Input O = ouiput 142 = Inpurtioutput P = power
—=Motused TTL=TTLInput ST = Schmit Tiggerinput
Hote This baer 5 3 Schimidt Trigger Input when configured a5 the extamal Intermupt.

1
& This buffer Is 3 Schimitt Tigger Input when used In Serial Programeming mode.
3 This buffer Is @ Schmitt Trigger Input when configured In RC Osclliator mode and @ CMOS Input otherwiss.

D=385E25-page 3 2003 Microchip Technology Inc.
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PIC16F87XA

TABLE 1-2: PIC16FETIA/BTEA PINOUT DESCRIPTION [CONTINUED)

POIP 30IC. | @FN | vom BufTer
Pin Nams ssoPPing | Png | Type | Type Description
PORTE Is a bidrectonal U0 port. PORTE can be soware
programemed for Imtemal weak pull-ups on 3l Inpuis.
REQNNT H 13 TTLETY
RBO L Digital 4D,
INT 1 Extemnal Infemupt.
RE1 n 19 o T Digitad /D,
REZ 3 bl 1o T Digital 0.
REQA/PGM 1 21 m
RE3 o Digitad /D,
PGM 1 Low-voltage (single-supply] ICSP programming enabie pin.
RE4 = z L s Digital 14D,
RES x5 3 1o s Digital 4D,
REA/PGC ol 24 TTUSTR
RBE 1o Digitad O
PGC 1 In-circult debugger and ICSP pOgramming clock.
RETPGD 28 25 TTLSTR
RET e Digitad 14D,
PGD Lo Incircult detbugger and ICSP programiming data.
PORTC I5 a bidirectional MO port.
RCOTIOSOITICK n 8 =T
RCO 1o Digitad 14D,
TIOS0 o Timer1 oscillator output.
TICK 1 Timeri extemal ciock Input.
RC1T1OSICCR2 12 9 ST
RC1 1o Digitad /D,
TI0SI 1 Timeri osclllator Input.
ccez 1o Capfure2 Input, Compare? output, PYWKE cutput.
RCZCCR1 13 10 5T
RC2 1o Digital 14D,
ccPl 1o Capiure! Input, Compare output, PYWh1 output.
RCYSCKIECL " 1 &T
RC3 1o Digitad /D,
SCK 1o Synchronous seral clock inputioutput for SP1 mode.
BCL 1o Synchronous seral clock inputioutput for I2C moda.
RC4/SDUSDA s 12 ST
RC4 1o Digital 14D,
501 1 5P| data in.
SDA 1o FC data V0.
RCS/SDO 16 13 ST
RCS 1o Digitad 4D,
5DO o 5P| data out.
RCETHCK 7 14 5T
RCH 1o Digital 14D,
™ o USART asynchimnous ransmit
cX 1o USART1 synchmnous clock.
RCT/RMDT 18 15 1
RCT 1o Digital 4D,
RX 1 USART asynchionous recehve,
oT s USART synchronous data
Vas B, 19 5.6 P — \Ground reference for logle and VO pins.
Voo 20 17 P — Positive supply for logic and 1D pins.
Legend: | = Input 0 = putput O = Inputfoutput P = power

—=Notused  TTL = TTL Input

& 2003 Micochip Technoiogy Inc.

ST = Schmitt Trigger Input
Mots 1: This buffer ks 3 Schmitt Trigger Input when configured as the extamal

2 This buffer Is 3 Schmitt Trigger Input when used In Sartal Programming mode.

3 This buffer Is 3 Schmitt Trigger Input when configured In RC Osciliator mode and 3 CMOS Input otherwisa.

D53953926-page 9
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PIC16F87XA

TABLE 1-3:  PIC16FE74A/E7TA PINOUT DESCRIFTION
FOIF |PLCC [ TQFF| GFH | UOIP | Guftar
Pin Nama Pinz | Ping | Ping | ping | Type | Type Description
DSC1/CLK] | 1a || = STICMOSH| Oscllator crystal or extemal ciock Input
osCl | Oecliator crystal Input or extamal ook sourc
Input. ST Duffer when configured In RC mode:;
athersise CMOS.
cua | External clock source Input. Aays assocated
with pin function OSC1 (see OSC1/CLEL
OSC2ICLKO pins).
DSCZCLKD w || = | = — | Ceciktor crystal o clock oupL.
oscz 0 Osciliator crystal output.
Connects tn crystal or resonator In Crystal
Osciliator mode.
CLKO 0 In RC mode, 05C2 pin outputs CLKO, which
nas 114 the Mequency of OSC1 ant denniss e
Instruction cycle rate.
Terrver 1 2 | 18| & ST |Masier Clear (INput) o programming woitage {outpat).
WCLR I Master Ciear {Reset) Input. This pin Is an actve
ow Reset to the device.
Ve p Programiming vatage Input.
PORTA ks a bidirectional VO port
RAMAND 2| 3 || 19 m
RAD Vo Digital L.
AND I Anaiog Input 0.
RALIAN 3 | 4 || 2 m
RA1 o Digital 1.
AN1 I Anaiog Input 1.
razamzvrerCwees| 4 | s | 21 | m m
RAZ o Digital L.
ANZ I Analog Input 2.
VReF- I AID reference voitage (Low) input
CVREF o Comparator VReF ouipul.
RAANIAVREF+ s |8 | =] = m
RAZ o Digital 1.
ANG I Anaiog Input 3.
VREF+ I AID reterence voitage (High) Inpu.
RAATOCKUC10UT 6 | 7| =] = aT
AL o Digital LD — Open-draln when configured as
output.
ToCKI I Timesm extemal ciock Input
clouT 0 Comparator 1 output
RASIANSEEC2OUT 7 8 | 24 | 24 ™m
RAS Vo Digital L.
AN I Analog Input 4.
55 I 5P siave seiect Input
CanUT 0 Comparator 2 cutput
Legend: | = Input 0 = output 10 = Inputioupul P = power
—=Notused TTL=TTLIngu ST = Schmitt Triggerinput
Note This baer is 3 SEnmt TRgoer InpUl When Confgured a5 the extamal Inemupt.

1
X This buffer s 3 Schmitt TRggeT Inpul when used In Sefal
*

mirg mode.

This bufer ks a Schmiit Trigger input whan condgured In RC Oeclliaor mode and 3 CMOS Inpul othenwise.

D=335E26-page 10
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PIC16F87XA

TABLE 1-3: PIC16FETAA/BTTA PINOUT DESCRIPTION [CONTINUED)
POIP |PLCC | TGFP| GFN | ovP | Buimer
Pin Mame Pinz | Pz | pinz | Pz | T B Description
PORTE |5 a Bdrecional VD por. PORTE can be
software programimed for intesmal weak pull-up on all
Inputs.
REONT = E ] ] TTLETY
RBO o Digital 1D
INT | Exiemal intesmupt.
RE1 M | a7 9 10 o T Digital 1o,
REZ 3 | 3 | 10 1 [ls] T Digital 1D
REMPGM % | 3 1 12 T
RB3 o Digital 1O
PGM | Low-vaoitage ICSP programming enabie pin.
RB4 7| o4 14 “ ] T Digital 1D
RES 3 | 42 | 15 15 o T Digital 1D
RBEPGC 3 | 43 | 15 16 TTUSTE
RBE ] Digital 1D
PGC | In-circuit debugger and ICSP programeming clock.
RETPGD | 4 | 17 17 TTUSTE
RE7 o Digital 1D
PGD [[s] Incireult debugger and ICSP programming data.
Legend: | = Input 0 = putput O = Inputioutp P = power

—=HNotused TTL=TTLInpuw ST = Schmit Trigger input
Nots 1 This buffer s 3 Sehmit Trigges Input when configured a5 the extemal Intempt.

Z  This buffar s 3 Schmitt Trigges Input when used in Serial Programiming mode.

3 This buffer Is 3 Schmitt TrQges Input whan consgured In RC Csciilalnr Mot and 3 CMOS Input ohenwise.

|
& 2003 Microchip Tachnology Inc.
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PIC16F87XA

TABLE 1-3: PICAGFBTAAETTA PINOUT DESCRIPTION (CONTINUED)

PDIP | PLCC | TGFP| @FH | MNP BuiTar
Pin Mams pinz | Pz | pinz | Pz | T B Description
PORTC Is a Didirecional 'O port
RCOTIOSOITICE] 15 16 32 k= sT
RCI 1] Digltal LD.
TICED o Timer1 pscillator output.
TICKl 1 Timer1 extemal ciock Input.
RC1TIOSICCP2 16 18 33 35 5T
RC1 [+ Digltal 10,
TSI 1 Timesr1 oscillator Input.
CCP2 (e} Caphure? Input, Compane2 output, PVWHZ owlput
RC2CCP1 17 ] 35 36 sT
RC2 1] Digltal LD.
ccrt 1] Caplured Input, Compare] output, PWM1 oulput
RCHSCKISCL 18 20 37 =) T
RC3 o Digital 0.
SCK o SYNCHITNOUS 5edlal Ciock INpub/output for SPI
mode.
SCL Vo Synchronous sesial clock Inpubroutput for 12
mode.
RCASDISDA 23 25 42 42 sT
RC4 1] Digltal LD.
SO 1 SPl data In.
S04 1] IC data o
RCS/SDO 24 26 43 43 T
RCS o Digital 0.
SO0 o 5P| data put
RCETXCE 25 T 44 44 sT
RCS 1] Digltal LD.
TX o USART asynchronous ransmit.
CK (([+] USART1 synchmonous ciock.
RCT/RXDT 26 29 1 1 T
RCT o Digital 0.
RX 1 USART 35ynchmnous receive.
DT o USART SyNChionous data.
Legend: |- Input O = output W0 = Inputfoutput P = powes

—-=-Motused  TTL = TTL Input
Mole 1:  This buffer s 3 Schmitt Tigger Inout when configured as the extemal Interupt.
% This buffer Is 3 Schmitt Trigger Input when used I Serial Programming mode.

3 This buffer s a Schmitt Trigger Input whan contgured In RC Csclllator mode and 3 CMOS Input othenwtse.

ST - Schmitt Trigger input
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PIC16F87XA

TABLE 1-3: PIC16FETAA/BTTA PINOUT DESCRIPTION [CONTINUED)
POIP |PLCC | TGFP| GFN | ovP | Buimer
Pin Mame Pinz | Pz | pinz | Pz | T B Description
PORTD s a Didirecional 0 porl or Parallel Siave
Port when Inferfacing o a microprocessor bus.
ROWPSPD 1w | 2 38 38 STTTL®
RDJ [ls] Digital 1D
PERO o Paraliel Slave Port data.
RONPSP1 2 | 2 | 3| STTTL™
RD1 o Digital 1o,
PsP1 o Faraliel Slave Port data.
ROXPSP2 2 23 | 40 40 STTTL®
RD2 [ls] Digital 1D
PsP2 [ls] Paraliel Slave Port data.
ROJPSA3 2z | 24 | @ a STTTL®
RD3 o Digital 0.
PSR3 o Paraliel Slave Port data.
ROMPSP4 7 | B 2 2 STTTLE
RD4 [ls] Digital 1D
PEP4 [ls] Paraliel Slave Port data.
ROS/PSPS 2w | 3 3 3 STTTL®
RDS o Digital 0.
PSPS o Paraliel Slave Port data.
ROGPSPE 2 | 32 4 4 STITTL
RD% ] Digital 1D
PSPE ] Faraliel Slave Port data.
ROT/PSAT B | 3 5 5 STTTL™
RD7 o Digital 0.
PSR7 o Paraliel Slave Port data.
PORTE Is a tdirectional 1D port.
RENFTANS B ] 5 = STITTLE
RED o Digital 1D
18] | Read control for Paraliel Stave Port
ANS | Anaiog Input 5.
RE1MTCANG 5 | 2= ] STTTL™
RE1 o Digital 1o
i | Write control for Parallel Slave Port.
ANE | Analog Input .
REHNTEMNT 0w 1 7 o STITTLE
RE2 o Digital 1D
o] | Chip select corirol for Paraiiel Slave Port.
ANT | Analog Input 7.
es 1231|134 | 629 | 6 30 P — \Ground neference for logic and O pins.
5l
Voo ,32|1z3s|7m] 7.8 P — Possitive supply for logic and B0 pins.
28,29
NC — [ar zE] 13 - - Thess pins are not Iniemally connectad. Thesa pins
28,40 | 33, 34 should be b=ft unconnecied
Legend: | = Input o= O = Ing P-

—=Motused TTL=TTLInput ST = Schmit Trigger input
Hofe 1: This bufer s 3 Schmitt Trigger Input when configured as the extemal Interupt.

2 This bufer s a Schmitt Trigges Input when used i Sertal Programiming mode.

3 This bufer Is a Schmitt Trigges Input when configured In RC Cscillakor made and 3 CMOS Input othenwise.

|
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