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SYNOPSIS

The major drawback m any of the two wheelers v that, o
could not know how many kilometers the vehicle could run for the fuct proscnt
the tank. If any specitic meter fulfills this disadvantage. it would be a boon to the
drivers. Our project “Digital Distance Meter using Micro controller™ s developed

to fulfill the above said drawback.

In our project, the tuel level is sensed using the fuel sender
unit. The corresponding voltage level from the fuel gauge is given to the PIC
micro controller. The micro controller displays the distance range on a displa
thus helping the driver to know the distance range that could be covered for the

fuel present in the tank.

The usage of clectronic components m this project offers many
advantages such as low cost, high reliability, increase i quality and reduction in
usage arca. I'urthermore, the concept explained in this project remains same for il

the two-wheelers in calculating the distance.
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1.INTRODUCTION

1.1 ABOUT THE COMPANY

Established in 1974, PREMIER INSTRUMENTS AND
CONTROLS LIMITED (PRICOL) has emerged a pioncer in multi- engineering
products like Automobile instruments, Llectronic counters and controllers,
Defense instrumentation and Industrial pressure gauges. [t has its manutacturing
bases at Coimbatore and Gurgaon —Haryana and its corporate offices at various
parts in India.

In 1993, it has been awarded the prestigious ISO 9001 certificate.
Recently it has been awarded the QS 9001 certificate. As a matter of fact, it is the
first company in the Indian Automobile Instrumentation Industry to get 1SO
9001 certificate. This is a clear proof ol its stride towards keeping pace with global
advances in technology. s products stand testimony to quality and customer
satisfaction.

Even with liberalization of Indian Economy and inflow of feeeign
products, PRICOL has maintained its standard as pioncer in the automobile
instruments industry by maintaining International standard and Quality.

The company manufactures products that are applicable in wide
ranges of fields. Some of the products are mechanical pressure gauge, tempcrature
gauges, ammeter, battery, condition indicators. vacuum gauges. voluneter, tank
units, speedometer, odometer, check valve and ¢mission valve, assembly pumps
etc.

PRICOL products are approved and used by most ol the Original
Equipment Manufacturers (OEMs) in Indiz and also exported for OLMs and

market needs of many foreign countrics. The company  hes fuli-fledged



infrastructure facilities to manufacture and test components Lo internafional

standards.

There are four plants in PRICOL

PLANT 1 (PERIYANAICKENPALAYAM, TAMIL NADU)

1. Auto Product Group

Design/development, manufaciure  and  servicing ol dashbonrd
instruments, windshield washers, cables, switches, gauges, sCnsors and accessories
for on and off road vehicles.
2. Pumnp Division

Design/development, manufacture and servicing of o1l pumps for two
wheelers and slationary ¢ngines, speed drive components for two wheelers valve
and gears.
3. Electronic Product Group

Design/devclopment/manufacture and servicing of clectronic counters.
controllers for textile machinery and provides support for auto product group for
manufacturing of elecronic based instruments.
4. Defense Product Group

Design/development, manulacturing and servicing o pressure gauges of
various types for process industries. hospital and other special applications.
5. Manufacturing Engineering

Design/development, manutacturing and scrvicing ol pressure gauges.
coil winding machines, screen printing machines. foil stamping machines, metal

cutting and assembly SPMs 10 meet the internal manufacturing and market needs.

1



PLANT II (GURGAON, HARYANA)

Manufacturing and servicing of dashboard instruments ftor automotive
vehicles, predominantly for servicing OEM customers, in and around New Delhi

arca.

PLANT I (CHINNAMADDAMPALAYAM, TAMIL NADU)

1. Pumps Product Group
Design/development, manufacturing and servicing of oil pumps for (wo
wheelers and stationary engines, speed drive components for two wheelers valves

and gears.

PLANT IV ( KAARAMADAIL TAMIL NADU)

An expert oriented unit, setup for manulacture of all types of lubricating
oil pumps and valves for two wheelers, stationary engines and machined

components.

AWARDS AND ACCOMPLISHMENTS

1. Auxiliary development award by CODISSIA, Coimbaiore in 1982.

I~

_In—hour R&D recognition by DGID (Departiment of Science and Technology.
Government of India) in 1986 (continuously extended up to date).

3. ACMA Technology award in 1988-1989.

4. Qutstanding quality performance award by HERO HONDA MOTORS in 1990,

wh

. Best vendor award by KINETIC HONDA MOTORS in 1991.
6. Outstanding performance award by IHTONDA SIEL CARS INDIA 10 2000,

COMPANY’S MEMBERSHIP WITH PROFESSIONAL
ASSOCIATIONS.
International:

e Metal Power Industrics Federation (MPH ) USA.

fad



e Society of Automotive Engincers (SAL). USA.
e Screen Graphic International Association {(SGIA)Y, USA
e Society of Manufacturing Engineers, (SIME), USA.

National:
o  Automotive Research Association of India, Pune

e [Indian Valuc Engincering Socicty
¢ Member of TPM Club India. (Confederation of Indian Industry-in

Assoclation with Japan Institute of Plant Maintenance, Tokyo).

FOREIGN COLLABORATIONS

o M/s. DENSO Corporation ,Japan

e M/s. Nippon Seiki Company Limited, Japan

e M/s. N.S International Limited, USA

e  M/s. Kojima Press Industrial Company Limited. Japan
e M/s. Toyoda Gosei Company Limited, Japan

o  M/s. Deok Chang Machinery Company Limited, Korca

1.2 ABOUT THE DEPARTMENT

PRODUCT DEVELOPMENT ENGINEERING (INSTRUMIINTS)

The Product Development and Enginecring (Instruments) department
provides a strong supporl towards new product development. improvement in the
existing products, quality cnhancement and technology up-gradation to suit the
products to changing needs and preferences of customers.

Cross-functional team is formed to induct quality into the product. A
full- fledged sample making cell for fabricating the parts, tools and prototype
samples to lessen the design-to-development cycle time.,

The designs arc verified and validated by intensive application of

various techniques like FMEA, GD&T, DFA, DFM, DOE cie.



The products are tested Lo customer-specific standards, PRICOL
standards, Indian standards and International standards like SAE, DIN. and

JIS.
Continuous cost-effective programs arc carried oul through value
Analysis and Value Engineering techniques. Sustained and continuous efforts are

on for increasing productivity.

1.3 ABOUT THE PROJECT

Microcontrollers play a vital role in our day-to-day applications. Our
project “Digital Distance Meter using Microcontroller” is onc of those
applications.

The project provides the user to know the distance range that could be
covered for the fuel present in the tank & provides the digital output ol the distance
in Kms.

The hardware unit of the project deals with the sensor unit. sienal
conditioning unit to give the microcontroller acceptable voltage level input. the
microcontroller and the display unit.

The softwarce part consists of programming the microcontrolier for
getting input through its analog input channels and displaying the output data
accordingly.

The microcontroller used is PIC 16E73. The seilware part uses
MPLAB  software from Microchip  Corporation  for programming  P1C
microcontrollers.

The project has been applied and tested i a two-wheeler having a reec
switch in its odometer unit, which simplified the indication of the comnletion of one

kilometer from the pulses obtained from it.
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2. BLOCK DIAGRAM OF THE SYSTEM
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3. TANK UNIT
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TANK CAPACITY: 5.5 litres
MATERIAL: Plastic
HEIGHT: 16.1 cims

WIDTH: Upper part: 21.0 ems  Lower part:17.5 cms
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4. FUEL SENDER UNIT

4.1 INTRODUCTION

A (uel sender is an important part of the fuel tank which indicates he amount ol
fuel in the tank and gives the output 1o the fucl gauge. It works on (he principle of

rheostat.

4.2 CHARACTERISTICS OF FUEL SENDER UNIT

» TYPE: Wire wound

% MOUNTING: Top of fuel tank with no mouniing holes

3 CONNECTION: With wiring harness (two pind

3 PLATING & PASSIVATION: Zinc plating and Yellow passivation
3 LEVER FLOAT: Spring steel, diameter = 2.0 mm

3 FLOAT: Cylindrical - hard rubber spongc

% LEVER FLOAT SWING: 50 degrees



4.3 DESCRIPTION OF PARTS, MATERIAL USED AND THEIR
FUNCTIONS

e g
. |
B.NO \ PART % ATER[AL | FUNCT TON - i
l 1. ‘ Flange | S \ To mount the housing on {he mating parl
- B , I
i 2. | Housing l‘ Mild Steel | 10 accommodate Sub-asscmbi}‘.
|
3. Lever float l‘ Sprmg Sieel | Fo move - the Qp:iﬁu contact as it [ MOVes on |
| |‘ surface of the fuel.
| \ |
4. 1 Float l‘ Hard rubber | TF'o float on the surface ofthe fuel.
| | sponge |
| ! i
5. Spring contact 1 Phosphor - ﬂ| To move over the wire and v an v resistance
|bronze | -
6. Rivet bcarmg | Brass | For ummctmL he Tever float and the - splmo
| | contact.
| | |
7. \ [older 7 l‘ Steel o ll To hold the lever ﬂ"(_)_allweiim-i“mr(i)\-'b_a.l‘(")7:1(:’”"{\'ilhri{
\ | ~as il oats on the suriace ol the lucl.
| | R
8. | Spring | Phosphor 1o Om, the rloht contact pmssum 1o the
compression % bronze " spring contact.
| t !
9. | Bobbin T INylon | Toaccommodate wire windings.
| SN S ——— .
;0. | Terminal | Brass with {in | Vor clectrical connection.
\ | coating :
| | S T -
11. % Bush [‘ Nitrite rubber | To prevent feakage ol fuel.
‘ | w
T 12. —E_Wirc \| Nichrome ' For clectrical contact and 1o \d]\ Cresistance.
Lo i \

9



4.4 CONSTRUCTION

The wire is wound on the bobbin which is held straight and the spring contact
moves along the edge of the bobbin which forms the means of measuring the
resistance. The spring compression gives the right comtact pressure to the spring
contact. The fuel sender unit is mounted on the top of the fuel tank and is held in
position by means of a threaded cap since no mounting holes arc provided on the
top of the flange for holding the unit in position. All the steel parts are zinc plated
and yellow passivated in order to prevent corresion. Wiring hamess in which the
output is taken to the fuel gauge is provided. The float is made o rubber and 1s
arrested i.e. it cannot rotate about its axis. The housing is used to hold the sub-
assembly parts and it determines the mounting of the bobbin. The bobbin and the
spring contact are closed by a cover that is attached to the housing. A holder 1s
used to hold the lever float and it moves along with the lever float as it oats on
the surface of the fuel. The lever float and the spring contact are connected by
means of a rivet bearing. A bush and gasket to prevent the leakage of the tuel is

also provided.

4.5 PRINCIPLE OF OPERATION

Thé float along with the lever float, floats on the surfuce of the fuel. The iever
float is attached to the spring contact on the othier side. As the lTever float moves.
the spring contact also moves on the bobbin containing the wire windings. The
value of resistance varies as the spring contact moves over the wire. The terminal
is used to connect the output to the indication unit. The change in resistance causes
deflection of the pointer in the indication unit which indicates the jevel ol fuct in

the tank.

10



4.6 VALUES OF RESISTANCE TAKEN CORRESPONDING TO
DIFFERENT FUEL LEVELS

Total capacity of fuel tank = 3500 ml

SLNo |FUEL | RESISTANCE |
| LEVEL(ml) i (ohms)
L. 0 | 904
600 | 874

700 | 827

2

w6 T
R
T BT
oo . 781
8. 1200 76.0
9. 1300 760
1. | 1400 | 63.0 |

Lol 50 U sse T

I

A

1201 re00 62.9 ‘Q
130 1700 h
T4, —1é>()()I oo

s L T -

|16, 2000 | 344




25. 2000 - 38.4

26. 3000 362
27. 3100 343
28. 3200 340
29, 3300 32.0

30. 3400 30.0

31 3500 30.0

32, 3600 28.4

33, | 3700 275

34. 3800 253 |
33. 3900 | 253

36. 4000 230

37. 4100 215 |
38. 4200 21.3

39. 4300 190
40, 4400 18.9

410 04500 16.7

42, 4600 147

43, 4700 REEEE
44 4800 2.0
45, 4900 IR

46, | 5000 10.6

47. 5100 80
a8. | 52000 8.0

49, 5300 8.0 )

12
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5. REED SWITCH

5.1 INTRODUCTION

A reed switch assembly contains ferromagnetic contacl blades. hermeticaily scaled

in a glass envelope which is filled with an inert gas. The switch is operated by an

externally generated magnetic field, cither from a coil or permanent magnel,

Inert Gas ——, e Cariact Platng
[ 3

Y

Glass Capsule ~— —— tontact Gap

|

Beed Blade Cverlap rped Blade
5.2 TYPE USED

ORD2212

5.3 GENERAL DESCRIPTION

The ORD2212 is a single-contact reed switch desienced Tor the purpose of fow

operating noise and closed differential motion. The contacts are sealed within the

glass tube with inerl gas o maintain contact retiabidity.

W]



5.4 FEATURES

» Reed contacts are hermetically scaled within a glass tube with ncrt gas and
do not receive any influence from the external atmospheric environmert.

» Quick response

» The structure comprises an operating system and clectrical circuits
coaxially. Reed switches are suited to applications in radio frequency.

» Reed switches are compact and light weight.

» Superior corrosion resistance and wear resistance of the contacts assures
stable switching operation and long life.

> With a permanent magnet installed, reed switches economically and easily

become proximity switches.

5.5 CONSTRUCTION

A basic magnetic reed switch consists of a pair of low resistance. ferromagretic.
slender flattened reeds, hermetically scaled into a glass tube with a controlted
atmospherce in cantilever fashion so that the ends align and overlap - but with a
small air gap. Since the reeds are ferromagnetic. the extreme ends will assume
opposite magnetic polarity when brought into the influence ol a magnetic field.
When the magnetic flux density is sufficient. the attraction forces of the opposing
magnetic polcs overcome the reed stifiness causing them to flex toward cach other

and makc contact.

5.6 PRINCIPLE OF OPERATION

Magnetic reed switches are actuated by the presence ol a magnetic ficld with
sufficient flux. This is accomplished by bringing a permancnt magnet close to the

reed switch.



The reed switch of type ORD2212 is a normatly closed contact switch. Whenever
a pole of thc permanent magnet comes close o the reed switch, due to the
magnetic force of attraction, the contact lips tend to move towards the pole. Since
the bottom lip has more flexibility than the top lip. the contact between the two
lips become open and hence the reed contact can be closed and opened based on
the proximity of the pole of the permanent magnet. This operation can be repeated

millions of times at extremely high speeds.

REED SWITCH ON AND OFF POSITIONS

S {(OFF)

.. N{OFF)

- ON

~ S (OFF




5.7 CALCULATION PART

The reed switch and the permanent magnet arrangement is used to indicate the
completion of one kilometer. The steps involved in the caleulation denoting the

completion of one kilometer are listed below.

STEP 1: Calculation of number of revolutions of the wheel for covering one

Kilometer

The number of revolutions of the wheel 1s calculated bascd on wheel
diameter.

The wheel diameter = 31.75 ¢ms

The circumference is given by 2*I1¥r =99.745 cms

approximately 100¢ms

Thus, one revolution of the whecl corresponds to I metre

Therefore for covering 1 km, we need 1008 revolutions.

STEP 2: Calculation of number of rotations ol the four pole ring magnet

The wheel is directly connected o the Tour-pole ring magnet m the
odometer unit. Therefore. the number of revolutions ol the wheel and
the number of rotations ol the four-pole ring magnet are the same. From
the above step, the number of revolutions of the wheel for covering one

kilometer = 1000 = the number of rotations oi the four pole magnet.

STEP 3: Calculation of number of pulses to indicate the completion of one

kilometer
One complete rotation of the four-pole ring magnet causes the reed

contact to open and close for four times.

16



The arrangement for measuring the pulses in CRO is shown below.

REED SWITCH

S S

GROUND

The pulse is measured by connecting i foad (resistor of vaiue TRy te one
end of the reed switch (the other end is ground) and the other cnd ol the
load is connected to the supply. The CRO is connected between one end
of the resistor and the ground. A supply of 5 volis is given to (hc circuit.

When the reed contact is opened, the 3 volts will appear across
the load and when the reed contact is closed. the current will take the
Jeast resistance path offered by the ground and hence neeligible voituge

will appear across the load. Thus. pulses are obtained 1 the CRO).



L L

Observation

ON time = 4 ms

OFF time = 5ms

DUTY CYCLE = ON time/ {ON time+ OFF time)
= 44%

Thus, for one rotation of four-pole magnct. we get four pulses.
Therefore for 1000 rotations of the four pole ring magnet (for one

kilometer), we get 4000 pulses.

18
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0. FUEL GAUGE

6.1 INTRODUCTION

The fuel gauge is a part of the indication sysiem and is used (o indicate the amount

of ruel in the tank based on the resistance valuc obtained from the luel sender unit.

6.2 CONSTRUCTIONAL DETAILS

The fuel gauge has four terminals namely
o Positive terminal
e Negative terminal
e Signal terminal

e  Dummy terminal, the usage of which may be extended when needed.

A supply of 13.5 volts is given between the positive and the negative terminal. The
resistance value corresponding to the fucl level from the fuel sender unit is given
to the signal terminal. Based on the resistance value, the pointer deflects in the

indication system.

The fuel gauge also incorporates a disc magnet. which is responsible for the
deflection of the pointer indicating the fuel level and a return magnet, which

returns the pointer to the low fuel indication level when the ignition s olf.

Coils (0.12 mm thick) are wound in the fucl gauge in three different directions.
The number of turns as specified by the manulacturer and the direction of winding

is shown below.

19



COIL 1 CoILz

R—
]
¥

COLE
4_____W
1.___,_,,__—..‘-..
o
Z

o X, Y and 7 indicate the number of turns ol the coils T C2 and O3
respectively and

e The arrows indicate the direction of winding.

One end of the coil is fixed to the terminal (any onc among the three) and wound
in CCW (forward) direction for the specified number of turns, corresponding 1o

the terminal. This procedure is repeated [or ali the three termipals.

6.3 PRINCIPLE OF OPERATION

A supply of 13.5 volts is given to the cireuit. Thie resistor 56 ohms acts as the
current limiting resistor. The resistance offered by the coil €3 s reduced by
connecting a resistor ol value 62 ohms parallel to 1. Based on the output resistance
reading from the fucl sender unit, the current in the path of the variable resistance

and the path of C2 and C1 is decided.

20



T FUEL SENDER
T

B

The magneto motive force is given by,

MMF = 2NI

where,
N = number ol turns of the coil

} = current through the coil.

Since the number of turns is fixed, the resultant magneto motive loree depends on
the current through the coils and the resistance vaiue from the fue!l sender unit
Based on the resultant MM, the pointer is made w deflect in the luel range ol the

indication system.

When the power supply is cut-off the pointer is attracted by the return magnet o

the low fuel indication level.



6.4 MEASUREMENT OF VOLTAGE CORRESPONDING TO

THE RESISTANCE VALUES

The circuit connection for measuring the voltage corresponding to the resistance

values is shown below.

FUEL GAUGE FORED: 123V

62 ohms

5

L G

hi“h 4 \r?’ZEE) ohrrs POAWER
- ’

4\

b
v

L>’ﬂ + )

7 SUPELY

Tlultirneter

Volt Com

DECADE EESISTANCE EC

c o ¢ O -
0 I/::,I IO ! g e
REPRESENTATION
a - signal
b - battery negative
¢ - battery positive
d - dummy

2
b2




The resistance value indicating the fuel fevel cannot be direetly fed as an input to
the microcontroller unit. Hence the voltage level corresponding io the resistance
value is measured and fed to the micro controlier.

In the diagram, the resistance value (already taken from the fuel sender unit for
different fuel levels) is fixed by using the decade resistance box and the

corresponding voltage level is observed from the ohmmeter.

6.5 OBSERVATION

The voltage reading for different resistance values, as observed from the voitmeter

and ohmmeter are listed below.

SI. No | FUEL RESISTANCE | VOLTAGE ‘
LEVEL(ml) } (ohms) l (volts) |
I O A N I
2. 600 | 87.4 '{ 4652
BT [\ ‘| 82.7 U558 |
4 800 " T826 0 45300
5 900 | 825 J* ERLEY 7|

] 6 1000 | 80.4 4510
|7 oo T s l'" FeIn |
8 1200 I Tgas

9 1300 ‘ 760 IS
10 1400 I‘ 650 o a3 |
1. 1500 o ‘(53’.’0_"'"”’r‘"’liusii” ]
B R T R GC I R N ""Ti
13 1700 | 62.8 I EC.

14 1800 ! 6016 | 1615

15 o0 Tl 58 R
16 2000 1 514 T




7. 2100 517 BN
18, 2200 4.3 YT
19 | 2300 478 3590
20. 2400 5.1 3486
2, 2500 T ST
22 2600 429 3395777
23. 2700 a7 T 3500 !
24, 2800 | 384 RN
25. 2900 384 397
26. 3000 362 3.094
27. 3100 345 | 209y
28. 3200 32 2.993
29. 3300 320 287¢
© 30, 3400 300 [ 276
31. 3500 300 3765
32, 3600 1 284 T 26
33. 3700 275 2622
34. 3800 253 2487
35. 3900 253 2.487
36. 4000 | 2322 348
37. 4100 215 2230
38. 4200 213 TTane
39. 4300 16.0 2.046
40. 4400 89 2042
41 4500 ‘ 16.7 1.86¢
. 600 g 697
43, 4700 Col4a 1,67
T 44, 4800 x 12.0 C1dss |
45, 4900 T ’h“l._?ﬁr_ *‘
46. 5000 10.6 T
47. 5100 S 12
48, 52060 80 13T
9. 5300 g0 a2 T
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7. HARDWARE DESCRIPTION

7.1 POWER SUPPLY SECTION

Since all electronic circuits work only with low 1D.C. voltage, we nced a power

supply unit to provide the appropriate voltage supply. This section consists of the
IC voltage Regulator 78035 which is responsible for giving a proper DC output
voltage of +5V to the system for its proper operation.12 to 15 V supnly 1s given to

the fuel gauge and the fuel sender unit.

7.2 SUPERVISORY CIRCUIT

The Microchip Technology Inc. MCP 130 is a voltage supervisory device
designed to keep a micro controller in reset until the system voltage has reached
the proper level and stabilized. It also opcrates as protection from brown-out
conditions when the supply voltage drops below a safe operating level. The device
is available with a choice of seven different (rip voltages and has open drain
output. The MCP130 has an internal 5k pull up resistor. The device has a aclive
low RESET pin. The MCP 130 will assert the RESET signal whenever the voltage
on the VDD pin is below the trip-point voltage.

7.2. 1 NEED FOR A SUPERVISORY CIRCUI'T

For many of today’s micro controller applications. care must be taken to prevent
low power conditions that can cause many different system problems. The most
common causes arc brown-out conditions where the system supply drops below
the operating level momentarily, and the second. is when a slowly cecaying power
supply causes the micro controller to begin exccuting instructions without cnough

voltage to sustain SRAM and producing indeterminate results.

-2
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7.3 OSCILLATOR CIRCUITRY

The PICI6F73can be operated in four different oscillator modes. The user can
program two configuration bits (FOSCI and FOSCO) 1o select ore of these four
modes:

a) LP Low Power Crystal

b) XT Crystal/Resonator

¢) HS High Speed Crystal/Resonator

d) RC Resistor/Capacitor

7.3.1 CRYSTAL OSCILLATOR

In XT, LP or HS modes, a crystal is connected to the OSCI/CLKIN and
OSC2/CLKOUT pins to establish oscillation. The PIC16E73 oscillator design
requires the use of a parallel cut crystal. Use of a series cut crystal may give a
frequency out of the crystal manufacturer’s specilications. When in HS mode, the

device can accept an external clock source to drive the OSC I/CLKIN pin.

74 FUEL LEVEL INPUT SECTION

The resistance value from the fuel sender unit is converted in to corresponding
voltage levels. This input signal is controlled since any high value may damage the
I.C. This is done by using the voltage divider network and the Zener diode. The

signa! is filtered using capacitors.

7.5 REED SWITCH PULSE SECTION

The incoming voltage signal is controlled by using a voltage divider network and
is filtered by a capacitor. When the reed switch is open, then current enters in the
circuit and the transistor (npn configuration) conducts which causes the current (o

drain through the least resistance path offercd by the ground and hence no output

26



goes to pin 13 and when the reed switch is closed. the transistor docs not conduct
since current drain through the least resistance path oflered by the ground belore

the transistor and hence the applied voltage goes Lo pin {3,

7.6 MICROCONTROLLER UNIT

The Micro controller that we have used for the project is PLIC16F73. which 1s a 28
pin CMOS FLASH micro controller. The special [eatures of this Micro controller

are:

7.6.1 High Performance RISC CPU

» Only 35 single word instructions to learn
> All single cvcle instructions exceptl for program branches. which are
two-cycle.
» Operating speed: DC - 20 MHz clock input
DC - 200 ns instruction cycle
> Up to 8K x 14 words of FLLASH Program Memory. Up to 368 x § byles
of Data Memory (RAM)
Pin-out compatible to the PIC16C7313/748B/76/77

v v

Pin-out compatible to the PICLOFR73/874/376/877

Interrupt capability (up to 12 sources)

A7

IZight levei deep hardwarc stack

A7

Direct, Indirect and Relative Addressing modes

v

Processor read access to program memory

7.6.2 Special Micro controller Features

» Power-on Reset (POR)
» Power-up Timer (PWRT) and
» Oscillator Start-up Timer (OST)



v VvV V

v

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

Programmable code protection

Power saving SLEEP modc

Selectable osciliator options

In-Circuit Serial Programming(1CSP) via two pins

7.6.3 Peripheral Features

o
P

v

Y

Timer0: 8-bit timer/counter with 8-bil prescaler

Timerl: 16-bit timer/counter with prescaler, can be incremented
during SLEEP via external crystal/clock

Timer2: 8-bit timer/counter with 8-bit period register, prescaler and
postscaler

Two Capture, Compare, PWM modules

- Cap(urc is 16-bit, max. resolution s 12.5 ns

- Compare is 16-bit, max. resolution is 200 ns

- PWM max. resolution is 10-bit

8-bit, up to 8-channel Analog-to-Digital converter

Synchronous Serial Port (SSP) with SP1 (Master mode) and 1 2 C
(Slave)

Universal  Synchronous — Asynchronous — Receiver  Transmitter
(USART/SCI)

Parallel Slave Port (PSP). 8-bits wide with external RD. WR and €8
controls (40/44-pin only)

Brown-oul detection circuitry for Brown-out Reset {BOR)

7.6.4 CMOS Technology

A

»

»

I.ow power, high speed CMOS FLASH technology

Fully static design



» Wide operating voltage range: 2.0V {0 3.5V
> High Sink/Source Current: 25mA
» Industrial temperature range
» Low power consumption:
- <2 mA typical @ 5V, 4 MHz
- 20 pAtypical @ 3V, 32 kHz
- <1 pA typical standby current

7.7 DISPLAY SECTION

7.7.1 Interfacing Micro controller with 7-segment display

In our project, we have multiplexed 7- segment display hence we have connected a
transistor to the Vce input of the display, so that they may be enabled one at a time
to accept the incoming data from the portB. Furthermore, we have connected a
latch (IC 74 HC 244) at the output of portB pins. The output of the latch is
connected to 270 ohms resistor and then to display unit so that required driving

current of 20mA for each segment of 7-segment LED is obtained.

7.7.2 Nature of 7-seament LED used

The 7-segment LED that we have used in our project is of common cathode type.
Hence only when logic | input is given to a scgment, it glows. Each scgment
would derive approximately 20mA of current hence a resistor is to be included to
obtain the required driving current and the transistor used to enable the display is

of type BC547A.



7.7.3 Connections

PortB Latch(1C 74 FIC 244)
pins pins
21 2
22 4]
23 6
24 g
25 Nl
26 | 3
27 15
28 17

» The latch pins 18, 16, 14, 12, 9, 7, 5, 3 are connected to the segments a, b,

¢, d, e, f, g and dp respectively.

» The portC pins (RC3, RC4, RC5) are connected through 1.2k
BC547A transistors to enable the displays when needed.

J
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8. CONCEPT

8.1 FLOWCHART

START
' N ST
SENSE THE g T
PRESENT IN THE T
TANK X" it
CHECK FOR
COMPLETION No / PREVIOUS /

OF EACLI DISPLAY 1S '
RETAINED

KILOMETER

SENSE THE
AMOUNT OF
FUEL “Y*

A
CALCULATE Z=Y/(X-Y) ’

A

é///;iSPLAY‘Z“ m//?7

L)
—



8.2 PROCESSING STEPS
STEP 1: CALCULATION OF ADC VALULE FOR CORRESPONDING
VOLTAGE READING

The voltage reading (obtained from fucl gauge) corresponding (o the
resistance value (obtained from the fucl sender unit) is converted into
ADC wvalue. This value is converted in 1o a digital code by the
Micro controller for processing. This value is used to determine the

amount of fuel present in the tank.

The formula for converting voltage level into corresponding ADC s
given by,
Value in ADC = voltage reading * 255

Full scale voltage value
The full scale voltage value is 3 V and

235 refers to the range from 00 to FF, since § bit ADC is used.

READINGS:
SL No [ FUEL RESISTANCE | VOLTAGE  ADC value |
LEVEL (ml) | (ohms) (volts) '
L. 500 90.4 4,702 239802
o 600 1 g74 T "_1'.'65""""'“i"""?é?’fz_::i"*
3.0 70 T 8T T assy T 23245‘
4. 800 o826 | a6 T 33ah5 '
5. 900 82.5 4554 | 232254
6. 1000 804 T T sl T 230010
7. 1100 | T — 4461 | 27511
I, ; !

(8]
[~



6.0 4413 275,165
9. IRISIY 740 ! RN 2251065
10. 1400 | 650 o 4.143 211293
1. 1500 ; 63.0 Co4084 208284 T
12. 1600 1 62.9 4,082 208182
13. 1700 628 4079 | 208.020
14. 1800 60.6 4015 | 204765 |
15. 1900 58.3 3.953 201.603
16. 2000 54.4 3.823 194.973
17. 2100 51.7 3.732 190.332
18. 2200 493 | 3.653 186303
9. 2300 4738 3.590 183.090
20. 2400 45.1 3.486 177.786
21. 2500 429 T 3395 Ci73.146
22 2600 429 3.395 173146
23. 2700 | 40.7 3.300 168300
24. 2800 ' 38.4 3.197 163047
75, 500 384 3197 0 163.047
26. 3000 36.2 3.004 157794
27. 3100 343 2998 1152898
28. 3200 342 2.993 152,643
29. 3300 T30 2879 146.820
30. 3400 30.0 2769 141219
31. 3500 30.0 2769 141210

33




320 3600 284 2766 | 141066

33. 3700 o275 2.622 133.722

34. 3800 253 | 2487 126.837

35. 3900 253 2487 126.837

36. 14000 232 2.349 119.799

37. 4100 215 12230 113730

38. 4200 | BE 2216 S 113.016

39 4300 19.0 2.049 104.499

40. 4400 18.9 2.042 104.142

41. 4500 16.7 1.866 ©095.166

42. 4600 14.7 1.697 086.547
43, 4700 44 T e 085.221
B T X 1455 074205

45 4900 1l 1355 969.105

46. 5000 0.6 1309 066,759

47. 5100 8.0 12 961.200
Ty 5200 8.0 12 C 061200

49, 5300 80 T T 00

STEP 2: PLOTTING A GRAPH BETWEEN FUEL LEVEL AND

ADC VALUE

A graph is plotted between fuel level(iml) along X-axis and the ADC

value along Y-axis.
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STEP3: SPLITTING THE GRAPH PLOTTED ACCORDING TO THE
LINEARITY AND FINDING THi: CO-ORDINATES AND
SLOPE OF EACH LINE.

The graph plotted between the fuel level (ml) along X-axis and ADC
value along Y-axis is split up in to three lines according to the
linearity.

LINE 1

x1 = 1350
yl =225
X2 = 550
y2 = 240

LINE 2

x1 = 4450
vl =105
x2 = 1350

The slope of the line {m) is calculated using the formula,

m= y2-yl
x2-x1

LINE 1: m=-0.0188
LINE 2: m = -0.0387
LINE 3: m=-0.0611

|FS)
LA
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STEP 4: CALCULATION OF THE FUEL LEVEL

We know that for a line,
y-y1 =m (x-x1).

The above line equation is used to calculate the amount of [uel ievel

according to the ADC value received.

ie, X =((y-ylym) + x1

where,

x = amount of fuel present according (o the ADC value received

y = ADC value received

y1 =the minimum ADC value of the line to which the received ADC
value belongs to.

m = slope of that line

x1 = the maximum fuel level of the line to which the received ADC
value belongs to.

[

STEP 5: CALCULATING THE DISTANCE RANGE

From the above steps, the fuel level based on the ADC value received
can be calculated. The distance range is calculated afier the completion

of each kilometer.

Consider
X to be the amount of fuel that is present in the tank initially
Y to be the amount of fuel that is present after traveling 1km

and



L =X-Y

Then,
Y/Z gives the distance in kms that could be traveled for the

remaining fuel.

In general, previous fuel level will be stored in X and the current fucl

level will be stored in Y.
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9. RESULTS OBTAINED

S.No | RESISTANCE | FUEL ' DISTANCE
VALUE LEVEL RANGE
(ohms) (ml) ' (Kms)

L. 21.3 D00 [T T
2 32.0 3300 89
3. 34.2 3100 81

4. 36.2 3000 80
5) 38.4 2900 79 *
6. 62.8 1700 67 |
7. 650 | T la00 62

8. 82.5 _ 900 55 7
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10. COST DETAILS (BILL OF MATERIALS)

_g. No

COMPONENT

Diode

IN4007 1

Zener diode

12V/IIW

S.IV05 W

LED display module

HDSP 5503 |

TYPE/RANGE | QUANTITY  COSTFER

ITEM (Rs)
.

Resistors

15 k@

FkQ

470 kQ)

Capacilors

100uF/25 V

20y v L

O 0wEes Vi

10ul/16 V

33pk

3pl

OWF/16 V (non- |

RN P S

polar) ‘

0.01pF/63V 1



6. General purpos—c_— 152%85 sqmm | 38.60
board
1. Transistors TIP 122 o 888
BC 547 4 073
8. Quartz crystal 8 MHz 197 Wﬁi
9. External reset MCP 130 S 02877 k
10. Regulator 7805 ! 4.93
1. Heat sink Pl 49 2 412
(25 mm length) 1
12. IC 74 HC 244 K
PIC 16F73 142,63
3. IC base TAHC 244 TUgoes
(20 pin DIP)
PIC 1673 i 9.54
(28 pin DIP)
4()7Wpin HDSP | - 1667
5505

TOTAL

40
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11. SYSTEM FEATURES

Our project DIGITAL DISTANCE METER USING MICRO CONTROLLER

has the following advantages:

*  When the driver has to travel in National Highways, knowing the distance
range that could be covered for the remaining fuel, he can fill his tank in the
near-by Petrol Bunk if needed, so that he could avoid the situation of being
tied up in the middle of the travel due to unavailability of petro! and the
unavailability of Petrol Bunk near-by.

» The concept used in this project could be applied to all the vehicles.

e The cost involved in development of this meter is very less. since many
features are already existing, only an extra clectronic circuilry is needed.

e [t1s very compactable.

41
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12. CONCLUSION

Our project “Digital Distance Meter using Micro controller” is applied and
tested in a two-wheeler but the concept behind the project could be applied to all
vehicles. The device is suitable for Indian conditions and other countries. The
device is designed in such a way that facilitics available at present can be made

use of’

Improvement that can be made for future use:

The LED display can be replaced by LCD display.
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APPENDICES

APPENDIX A

REED SWITCH
TYPE: ORD2212

EXTERNAL DIMENSIONS

(UNIT: mm)

0.35x 0.6

AKX 16.5

439 +0.3
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ELECTRICAL CHARACTERISTICS

-
CONDITION | RATED

PARAMETER | SYMBOL ‘ RATED ; RATED NI
VALUE | VALUE | VALUE
| (MINIMUM) | (TYPICAL) | (MAXIMUM)
| | |
\ L S
Pull-in value Pi | - ‘| 15 S 33 UA'L
\
b 1 B U R
Drop-out value DO PI>20 | e DOMPI=08 | —meee- F oo
N
Drop-out value DO P1<20 [—— —TDO/ PI>=0.7 I
| | | !, B
Contact | ‘ | :
resistance CR | ‘ ——————— (E— | 100 e
| |
Breakdown ‘ ' ' ‘ . [ o ‘7 _
voltage | - | - 150 D ‘ ------- . VD
' !
Insulation +- _W I
resistance | -—---- | =eee— 109 ‘ -------- S | [
N I o
Electrostatic | i | Pice
capacitance | ------- | e - | e (.3 | fara
- |
Contact rating | --—---- | ----o-- ‘ R ------- \ 10 VA
. ! i
Maximum | a T
switching | -eem L mmemees ‘ ——————— I | 100 E(L? Y
voltage ‘ | i !
; . . .
Maximum | i
|
switching | - | - ‘ ——————— | - ' 0.2 A
current | ‘ ‘
|
| S e
| Meximum | ; B
carry current | —ee-wem L omenees | e i 0.5 P A
| S S DU



1. Drop-out Vs Pull-in

AT
50 4

40 A

30 V/ ‘
1 4
20 V/I

Drop-out
[

10 20 30 40 a0 a7

L

2. Contact resistance

09.9

30 /

70 Fi
80 7
50
40 i

20 7

10 / .
1 /

0.1

Cumulatise frequency percent

"

40 a0 a0 100 e

Contact resistance



3. Breakdown voltage

|
0c v i
400 —

30 -

200

Breakdown vollage

100

Pull-in

4. Insulation resistance

(00 100
99.9 ' —

99

95

. / |
80 /

70 P
60 yd
50
40
30 e
20 pd

10 /

5 A |

i

Cumulative fraquency percent

i AL

0.4 !
10" 1" 10" s 10" 9]

Insuiation resistance
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5. Electrostatic capacitance

(1 RiHE)
T T 1 T 1 j |
pE ]
0.4
g L \ -
S
g 0.3 .
a i
= 02
S
O | | 1 I i l
10 20 30 40 30 a7

Pull-in

OPERATING CHARACTERISTICS

PARAMETER RATED VALUE | RATED VALUE | RATED VALUE | UNIT
(MINIMUM) (TYPICAL) (MAXIMUM) i
Operate time | —--e- | oo - 04 | ms
Bounce time ~ §  oe—eeem s 10 Tms
Release time | eeememm 1 e 005 s
Resonant frequency 3400 3900 R ) : Hz
!
Maximum | e | e 500 H
operating |
frequency |
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1. Operate time

(25 Hz . 100 AT enargized)

I I I I [ 1

I
[
|

0.3

Onerate time

01 T

i0 20 30 40 a0 AT
Full-in

2. Bounce time

(23 Hz: 100 AT arergizeds

99.9
99 Le
g5
= o
3 /
£ a0
= 7 A
& B0 4
< 50 )
=2 4
— |
L
Z 7
= 3 /7
= 7
3 LA
0.1 J [
g 0.2 0.4 06 0.6 1%

Bounce time
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3. Release time

4.

Hs -

-

{25 Hz 1 100 AT ensrgized
|

t

Release time

10

20 3o 40
Orop-out
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MECHANICAL CHARACTERISTICS

1. Lead tensile test (static load)

(2.27 kg - 10 sec
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2. Lead tensile strength
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ENVIRONMENTAL CHARACTERISTICS

1. Temperature characteristics ;
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2. Temperature cycle

(-55°C 1w 125°0)
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4. High temperature storage test

Contact rasistance
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5. Low temperature storage test
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6. Shock test
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7. Vibration test
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LIFE EXPECTANCY DATA

Load conditions

Voltage : 5VDC
Current : 100 uA, 1 ma, 5mA
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DEFINITION OF THE TERMS USED

1. Ampere Turn (AT)

9.

1

The product of the number of turns of wire i an electromagnetic coi: winding
and the current in amperes passing through the winding. This is a direct measure
of a reed contacts sensitivity.
. Bounce
Intermittent opening of closed contacts or closing of opening contacts, usually
implving the motion resulting from contact impact.
. Bounce Time (ms)
Time taken for bounce.
. Carry Current (amperes)
The maximum current that can be applied to an already closed contact.
. Contact

The current-carrying parts of a reed contact that engage or disengage to open or

close electrical circuits. -
. Contact Gap
The distance between mating reed contacts when the contacts arc open.
. Contact Rating (Watts)
The maximum power, a rced contact can switch.
. Dynamic Contact Resistance (DCR)
The electrical resistance of closed contacts, when the contact is in continuous
operation.
Insulation Resistance
"The electrical resistance measured between insulated terminals.
0. Operating Temperature

“The temperature range within which a reed contact will meet all specified
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operating parameters.
11. Operate Time
The time interval after actuation of a reed contict to the closing of the reed
contact.
12. Release Time
The time interval from coil de-energisation 1o the opening of the reed contact.
13. Resonant Frequency (Hz)
The maximum operating frequency that a reed switch can withstand, aficr
which it chatters, or starts sympathetic vibration.
14. Breakdown Voltage
The voltage which may be applied between insulated parts ol a reed contact
without damaging, arcing, causing breakdown or excessive leakage.
15. Static Constant Resistance (CR)
The electrical resistance of closed reed contacts, as measured terminal to
terminal, at their associated terminals.
16. Switching Frequency (Hz)
The maximum frequency at which a reed contact can operate. -
17. Switching Voltage (volts)
~Jhe maximum voltage a reed contact can switch.
18. Switching Current (amperes)
The maximum current a reed contact can switch.
19. Variable Contact Resistance (VCR)
The difference in lowest and highest static CR readings out of a set of test
cycles.
20. Drop-out
, The measured value, in AT, at which a reed contact opens.

21. Pull-in

The measured value, in AT, at which a reed contact closes.
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APPENDIX B

1C 74HC244

e 3-State Outputs Drive Bus Lines or Buffer Memory Address Registers

e High-Current Qutputs Drive up to 15 LSTTL Loads

e Package Options Include Plastic Small-Outline (DW). Shrink Small-
Outline(DB), Thin Shrink Small-Outline (PW), and Ceramic Flat (W)
Packages, Ceramic Chip Carriers (FK), and Standard Plastic (N3 and

Ceramic (J) 300-mif DIPs

PIN CONFIGURATION

SHNE4HC244 ... J OR W PACKAGE

SN74HC244.. DB, DW, N, DR P‘lN PACKAGE -
(TOP VIEW)
10E [} 4 ~ o Veg
141{l 2 10[] 2CE
2v4 13 15]] 1v1
182 (] 4 17{] 224
2Y3 ks 18] 1v2
1A3[le 15 245
2v2ir 1aff 1y
184 [ & 13f] 242
2v1{ls 12{] 14
GND 1o 1] 2a1
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DESCRIPTION

These octal buffers and line drivers are designed specilically to improve both the
performance and density of 3-state memory address drivers. clock drivers, and
bus-oriented receivers and transmitters. The "HC244 arc organized as two

4-bit buffers/drivers with separate output-enable (OF) inputs. When OF is low, the
device passes noninverted data from the A inputs to the Y outputs. When OF is
high, the outputs are in the high-impedance state. The SNS4H(CZ44 is
characterized for operation over the (ull military temperature range of --55°C

to 125°C. The SN74HC244 is characterized for operation [rom —40°C 1o 85°C.

FUNCTION TABLE
{each buffer/driver)

INPUTS OUTPUT
OE A Y
L H H
L L L
H X Z




SN54HC244, SN74HCza4
OCTAL BUFFERS AND LINE DRIVERS
WITH 3-STATE OUTPUTS

SCLE130B - DECEMBER 1982 — REWISED MAY 1927

recommended operating conditions

SNE4HC 244 SHT4HC 244 UNiT
BN NOK MAXE MM NOW [MAX

Voo Supply veltage 2 5 & 2 5 & W
Voo =2V 15 1.5

Vil Highdevel input voltage Voo =45V 315 318
Yoo =6BY 42 472
Wop=2V Q 0.3 0 0s

ViL Liv-leval input voltage Voo =4.5Y 0 1.35 1} 135 W
Vop =6V 0 13 g 15

W) Input voltaga 0 Voo aQ Ve y

Le] Quitput vottage I Moo 0 Voo W
Voo =2% [ 1000 0 1060

it Input transiticn (nse and fall) time Yoo =48 CI 300 0 200 ns
Yoo =6% 0 460 ! 400

Ta QOparating fres-air ternperature ~55 125 -4 as C

electrical characteristics over recommended operating free-air temperature range (uniess
otherwise noted)

PARAMETER TEST CONDITIONS Voo LSt SNoanC2dd | SNTAHUZS }
v MING TYP  RAX| RN WX NN MAX
2y [ 19 1998 19 19
loy = -20 wh 45V 44 4460 44 34
YOoH My = Yy or Vg 6v 58 5988 59 a4 i
- ioH = -6 mA 45V 393 4.3 L7 .84
IOH = -7.8mA GW 548 5.8 52 534
2w 0.002 0.1 0.1 01
oL =20 pA 45V o001 0.4 O] 0.1
VoL W) =Wy or v X ¢.001 0.1 0.1 0.1 i
loL =6 mA 45V 017 0% D4 0.33 s
loL=T7.6 mA B 015 028 0.4 .33 '
1] Vi=Wepor Ry 0.1 100 +1000 =1000 na
oz Vo=Vooord, M =VHorVie gy #0105 +10 5 WA
Ice VI =Vee or0, ln=20 SRY 5 160 a0 1
Gi 2Nt Y 3 10 10 0] pF
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SN54HC244, SN74HC244

OCTAL BUFFERS AND LINE DRIVERS

WITH 3-STATE QUTPUTS

SCLS1308 - DECEMBER 1982 — REVISED fMAY 1937

switching characteristics over re

{unless otherwise noted} (

commended operating free
see Figure 1)

-alr temperature range. CL =50 pF

FROM o Tr %255 SHS4HC244 | SMTHCI44

PARAMETER {INPUT) (OUTPUT) YCC TN T Ax MK max | min wax] ST
2V 0 113 170 145

o A Y 157 3T 23 X G| s
5 T 2 20 25
2% 75 150 335 )

tan TE Y 4.5V 15 30 45 3] ns
G 5 2 5% iz
2v 5 18D 725 o0

tdis o ¥ 45\ 15 30 45 s s
Y FET 35 =
2V 5 B0 T 75

3 ¥ 45V 5 12 13 5| s
5V & 10 15 13

switching characteristics over recommended o

{unless otherwise noted) (see Figure 1)

perating free-air temperature range, C; =150 pr

FROWM TO Ta =250 SNS4HC244 | SNT4HC244
PARAMETER (INPUT) [QUTPUT) vee Ml TYP o max | N mMax T MIN MAx Ui
2y % 188 245 210
tad A ¥ 45\ 18 33 a4 2| ns
GV 15 23 42 iz
o~ Y 100 200 300 25 |
tan OE ¥ 454 M 40 &l 0| rs
: B 7 34 5 43
a2y 45 210 315 265
i Y 484 T 42 = 53 ns
By 13 36 485
operating characteristics, Ty = 25°C
PARAMETER TESTCONDIMONS | TYR [ uniT
Cpg Powver dissipation capacitance perbuffardriver Mo ioad 35 pF
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APPENDIX C

SEVEN SEGMENT DISPLAYS
HDSP 5503

Features
* Industry Standard Size
* Industry Standard Pinout
15.24 mm (0.6 in.) DIP Leads on 2.54 mm (0.1 in.) Centers
* Choice of Colors
Red, AlGaAs Red, High Efficiency Red, Yellow, Green
* Excellent Appearance
Evenly Lighted Segments
Mitered Corners on Segments
Gray Package Gives Optimum
Contrast
+ 50° Viewing Angle
* Design Flexibility . -
Common Anode or Common Cathode
Single and Dual Digits
Pight Hand Decimal Point
= 1. Cverflow Character
* Categorized for Luminous Intensity
Yellow and Green Categorized for Color. Use of Like Categorics Yields a
Uniform Display
* High Light Output
* High Peak Current
. ijcellent for Long Digit String Multiplexing
. Ilitensity and Color Selection Option
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* Sunlight Viewable AlGaAs Description

The 14.2 mm (0.56 inch) LED seven scgment displays arc designed for viewing

distances up to 7 metres (23 feet). These devices use an mdusiry standard

size package and pinout. Both the numeric and -+

right hand decimal point. All devices are availabic as cither common anode or

common cathode.

High Efficieney Red

overflow devices feature a

Device |'“ —l
Serles ; "
HDSP- Parameter Symbol | Min. | Typ. | Max. Unles | Test Conditions
00 2800 I = 10 ma
Liuninous IntenstyySegment) L26) [ el
(Mgl Average) 370 Iy = G0 maA Peak:
Pol6dr
Forward VoltageSegment ar 1P W 2.1 2.0 i lp =20ma [
55XX A
Foak Wavelenglh Areag G135 i ‘
Dominant Wavoleng!hl3| hy G20 nit :
Reverse VollagesSegment or DRI Vi 3.0 51y V = 100 ua !

Temperature CoctTiclon. of
Vi-Segmenl or DP

TR G

Thermal Reslstange LED Junsiton-
lo-1%n

3%
L) g,

AT

s
RIS
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APPENDIX D

MCP 130

e Open drain + pull-up resistor

‘Supervisor Products e
i P TO-92
. Typical ]. Typical | Temper | I .
Resel ! ! aelenogae
Cse Output ' Trpu b Tad 5 ature | Packages ! Bo_nd
| U SR L Llptons
MCP LOV- | Active . | A0
m Py | CMOS Pushebuil | 350ms . 3ouA e SN ERY
e pasgfy el
MCP 1.oV- ! AIVE 1 0008 Pash-Pull 350 B
101 55v | e A sh- 350ms 32u/ L R
S5V | High . e (SOT23
MCP LOV- | Active ) : il
26 | ssv ’LOW Open Dram 330ms Foa2uA w DGl
120 | +8
MCP LOV- Active Open Drain 130 P oo P
130 5.5V Low W/Sk ohm Pull-up S : A i “.’ ! . b.IH
MCo LOV- | Active - . Pl e
800 55y Low CMOS Push-Pull 350ms Co32uA W ESOT-23-3
. ‘ [ TR E
MCP 1.0V- Aclive ! ; S
e iy Mot | CMOS Push-Pull 350ms SuA T e SO
R & ‘ NS -
r
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APPENDIX E

PIC 16F73
PIN DIAGRAM

DIP, SOIC, SSOP

MCLRVrs—-[] 1 -/ 28] +—» rB7
RAG/AND =[] 2 27[] = rpgs
RATANT=»[] 3 26[] = g5
RA2IAN2 ~—=[] 4 25[] == rp4

RA3/ANS VR[] 5 G 2a[] = a3
RAATOCK =[] & S 23] ] = rp2
RAS/AN4/SS—=[] 7 ~ 22[] = Ra1
vss—=[] 8 o 211 =+ ReOINT
OSC1CLKIN—»[] g O 200 ~—vrp
OSC2/CLKOUT *—[]10 B 167 ~-— vss
RCOT10SOIT1CK] ~—e=] 11 13 == Re7iRXDT
~  RCuT1C0SKCCP2 w12 17[7] == reemxick
RC2/CCP1 =13 16[] === R05/5D0
RC3/SCK/SCL =[] 14 15 ~—= RC4/SDIISDA
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PINOUT DESCRIPTION:

68

DIP | SSOP | VO/P | BUFFER |
' M . . H
Pin Name Pin# SQIC Type | TYPE DESCRIPTION
Pin# 4
OSCI/CLKIN 9 9 I ST/ICMOS | Oscillator crystal input/cxternal
LGy clock source input. o
OSC2/CLKOUT 10 10 F0 Oscillator erystal output. Connects
to crystal or resonator in Crystal
Oscillator mode. In RC mode, the
OSC2 pin outputs CLKOQUT whirh
has 1/4 the frequency of OSC1. und ‘
| denotes the instruction
cycle rate, |
. Master clear (RESET) input or 1
MCLR/VPP 1 1 I/p ST programming voltage input or High
Voltage Test mode control. This pin
- s an active low RESET (o (e
| device. ) i o
PORTA is a bi-dircctional /O port,
RAQ/ANO 2 2 /0 TTL - RAD can also be analog input0
RA1/AN] 3 3 [/O TTL RAT can also-be analog inputl.
RA2/AN2 4 4 O 1TL RAZ can also be analog inpu2. |
RA3/AN3/VREF 5 5 o 1T i RA3 can also be analog input3 or
analog reference voltage. _
RA4/TOCKI 6 6 YO ST RA4 can also be the cloek input w i
the Timer0 module. Quiput
RAS5/SS/AN4 7 7 /O TTL is open drain type. 1
' * RAS can also be analog inputd or
the slave seleet for the synchronous
serial port. -
PORTR is a bi-directional 1/Q port. ‘
PORTB can be software
programmed for internal weak pui-
up on all inputs.
RBO/INT 21 21 /O TTL/ST (1) 1 RBO can also be the external
. F mterrupt pin. L
RB1 122 22 o TTL |
RB2 23 23 vo T '
RB3 24 24 YO 11,



RB4 25 25 /0 ! 1T ’ Interrupt-on-change pin,
RB5 20 26 Vo T Interrupt-on-change pin.
RBé6 27 27 H1/0 VUL/ST(2) | Interrupt-on-change pin or Seriai
i programming clock.
RB7 28 28 170 TTL/ST (2) | interrupt-on-change pin o Serial
| programming data. o
- | PORTC is a bi-directional 1/0 pori.
RCO/TIOSO/TICKI | 11 11 /O ST RCO can also be the Timerl i
i oscillator output or Timer] clock ;
: input. \
RCUTIOSI/CCP2 12 12 o ST - RCI can also be the Timer] ‘
i' oscillator input or Capture2 input/
Compare2 output/PWM?2 outpu:.
RC2/CCP1 13 13 e ST RC2 can also be the Capturel
i input/Comparel output/PWM]1
output.
RC3/SCK/SCL 14 14 O ST | RC3 can also be the synchronous
1 serial clock input/ouiput for both:
SPland 42 C modes,
RC4/SDI/SDA 15 15 1/0 ST RC4 can also be the SPI Data In :
| (SPI mode) or Data /O (142 € |
mode). :
RC5/SDO 16 16 VO ST RCS can also be the SP1 Data Ow
(SPI mode).
RC6/TX/CK 17 17 Iy ST RCO can alse be the USART :
Asynchronous Transmit or !
Svnchronous Clock.
RC7/RX/DT 18 18 170 ST RC7 can alse be the USART
‘ Asynchronous Reccive or _
- | Synchronous Data. o
Vss 8,19 8,19 P - | Ground reference for logic and 1/(s
VDD 20 20 P - - Positive supply for logic and /G
i e iPIDS
Legend: I=input O = output [/O = inputfoutput P = power

—=Notused  TTL=TTL input

ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured as the exiernal interrupt.

- 2: This buffer is a Schmitt Trigger input when used in Serial Programming maode,

3: This buffer is a Schmitt Trigger input when configured in RC Oscillator mode

and a CMOS input otherwise,
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BLOCK DIAGRAM

¥

¥

¥y ¥

¥ ¥ ¥ 93

13 8 PORTA
Data B
o] ata Bus ;,
FLASH ”
Frogram /
Memory i
RAR ——
8 Level Stack Fiie [ 1?
(13-bit) Reqisters
Program 14
Bus 1 PCRTE
Instruction reg
Dirgct Addr
>
8 STATUS reg FORTC
7
Power-up
V Timer
Inatruction Oscillater
Decode & =1 | Start-up Timer
Control Power-on
Reset
Timin Watch
K= ceneration = Ymgrog
OSGCLKIN Brown-out
QSC2/CLKOUT Reset
MCLR VDp, vss
Timer) ‘ Timer1 Timer2 8-bit A'D
}
i 7
i I
3 U
. Synchronous
CCP1,2 Serial Port USART

Note 1: Higher order bits are from the STATUS register,
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RAQAND
RA1/ANT
RA2/AN2/
RA.’:‘!AN’%NREF
RAGTCL:
RAS!ANa!Sb

RBOANT
RB1

RB2
RB3/PGh
RB4

RBES
RB6/PGC
RBV/PGD

RCOMT1OSOMIC
RG1T10SHGOP:
RG2CGH
RCHSGUSIL
RC4/SDI/SDA
RC&/SDO
RCBTXICK
RGT/RXDT



DESCRIPTION OF THE BLOCK DIAGRAM

The various blocks in PIC 16F73 is highlighted here:

TIMER 0 MODULE
The Timer0 module timer/counter has the following features:

% 8-bit timer/counter

% Readable and writable

* 8-bit software programmable prescaler

% Internal or external clock select

% Interrupt on overflow from FFh 10 00h

& Edge select for external clock

In Timer mode, the Timer0 module will increment every instruction cycle (without
prescaler). If the TMRO register is written, the increment is inhibited for the following two

nstruction cycles.

TIMERI MODULK
The Timer] module is a 16-bit timer/counter consisting of two 8-bit rccgislcrs (MR and
TMRIL), which -are readable and writable. The IMRIL Register pair (IMRIHTMR 1
increments from 0000h to FFFF'h and rolls over to 0000}, The TMRI Interrupt. if enabled, is
generated on overflow, which is fatched in interrupt flag bit T™MRIIF (PIR}=1k=). This
interrupt can be enabled/disabled by sctting/clearing TMR 1 interrupt enable bit TMR 11
(PIE1<0>).
Timerl can operate in one of two modes:
. » Asatimer

© » Asacounter

[n Timer mode, Timer] increments every instruction cyvele.

In Counter mode, it increments on cvery rising edge of the external clock inpul.



TIMER 2 MODULE

Timer2 is an 8-bit timer with a prescaler and postscaler. 1t can be used as the PWM time
base for PWM mode of the CCP module(s). The TMR2 register is readable and wrltable,
and is cleared on any device RESET. Timer? can be shut off by clearing control bit

TMR20ON (T2CON<2>) to minimize power consumption.

Timer2 Prescaler and Postscaler:

The prescaler and postscaler counters are cleared when any of the tollowing occurs:
<* a write to the TMR2 register
“* awrite to the T2CON register
¢ any device RESET (POR, MCLR Resct, WDT Reset or BOR)

% TMR2 is not cleared when 1T2CON is written.

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

The 8-bit analog-to-digital (A/D) converter module has ftve inputs for the
PICI6FT3/76 and cight lor the PIC16174/77, The A/D aliows corversion ~f an
analog input signal to a corresponding 8-bit digital number. The autput of the
sample and hold is the input into the converter. which gencrates the result via
successive approximation. The analog reference voltage is software sclectable o
either the device's positive supply voltage (VDD), or the voltage fevel on the

RA3/AN3/VREF pin.

SYNCHRONOUS SERIAL PORT (SSP) MODULFE
The Synchronous Serial Port (SSP) module is a serial interface uscful (or
communicating with other peripheral or microcontrolier devices. These peripheral
devices may be Serial EEPROMS, shift registers, display drivers. A/D converters.
,etc. The SSP module can operate in one of two modes:

* Serial Peripheral Interface (SPI)

* Inter-Integrated Circuit (I 20C)



~CP1 MODULE
Caplure/Compare/PWM Register L (CCPRT) 1s comprised of two &-bit registers:
a} CCPRIL (low byte) and
b) CCPRI1H (high byte).
The CCP1CON register controls the operation of CCP1L The special event ingger

is generated by a compare match and will reset Fumert.

CCP2 Module

Capture/Compare/PWM Register2 (CCPR2) is comprised of two 8-bit registers:

a) CCPR2L (low bvte) and

b) CCPR2H (high byte).

The CCP2CON register controls the operation of CCP2. The special event trigger
is generaled by a comparc match and will reset Timerl and start an A/D

conversion (if the A/D module is enabled).

UNIVERSAL SYNCHRONOUS ASYNCHRONOUS RECEIVER
TRANSMITTER (USART)

The Universal Synchronous Asynchronous “Receiver Fransmitter (LISART)
module is onc of the two scrial /O modules. (USART is also known as a Scrial
Communications Interface or SCL.) The USART can be configurcd as a {ul
duplex asynchronous system that can communicate with peripheral devices. such
as CRT terminals and personal computers, or it can be configured as a hall duplex
synchronous system that can communicate with peripheral devices, such as AZD or

D/A integrated circuits, serial EEPROMs. cle.



1/0 PORTS
Some pins for these /O ports are mulliplexéd with an alternate function for the
peripheral features on the device. In general, when a peripheral is enabled, that pin

may not be used as a general purpose I/O pin.

PORTA AND THE TRISA REGISTER

PORTA is a 6-bit wide, bi-directionat port. The corresponding data direction
register is TRISA. Setting a TRISA bit {(=1) will make the corresponding PORTA
pin an input (i.e., put the corresponding output driver in 2 high impedance mode).
Clearing a TRISA bit (=0) will make the corresponding PORTA pin an output

(i.e., put the contents of the output latch on the selected pin).

PORTB and the TRISB Register

PORTE is an 8-bit wide, bi-directional port. The corresponding data dircection
register is TRISB. Setting a TRISB bit (= 1) will make the corresponding PORTR
pin an input (i.c., put the corresponding output driver in a high-impedance mode).
Clearing a TRISB bit (=0) will make the corresponding PORTB pin an oltput (i.c..

put the contents of the output latch on the selected pin).

PORTC and the TRISC Register

PORTC is an 8-bit wide, bi-directional port. The corresponding data direction
register is TRISC. Setting a TRISC bit (=1) will make the corresponding POR'TC
pin an nput (i.e., put the corresponding output driver in a hi-impedance mode).
Clearing a TRISC bit (=0) will make the corresponding PORTC pin an output (i.c..

put the contents of the output latch on the selected pin.

SPECIAL FEATURES OF THE CPrU
These devices have a host of features intended to maximize system reliability

minimize cost through climination of external components. provide power saving
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operating modes and offer code protection. These are:
& Oscillator Sclecuion
é RESET
- Power-on Reset (POR;
- Power-up Timer (PWRT)
- Oscillator Start-up Timer (OST)
- Brown-out Reset (BOR)
Interrupts
Watchdog Timer (WIYT)
SLEEP
Code Protection

[D Locations

*o > & o & o

In-Circuit Serial Programming
These devices have a Watchdog Timer, which can be shut off only through

configuration bits. It runs off its own RC oscillator for added reliability,

READING PROGRAM MEMORY

The FLASH Program Memory is rcadable duri;u__v nornmal operation over the entire
VDD range. It is indirectly addressed through Special Function Registers (SIR).
Up to 14-bit numbers can be stored in memory for use as calibration paramelters,
serial numbers, packed 7-bit ASCIL cte. Exceuting o program memory location
containing data that forms an invalid instruction results in a NOP.

There are five SFRs used to read the program and memory. These registers are:

a) PMCONI

by PMDATA

¢y PMDATH

d) PMADR

e) PMADRH



MEMORY ORGANIZATION
There are two memory blocks.

< The Program Memory and

e Data Mcemory
Both the memories have separate buses 5o thal concurrent 4ecess Cail beetts he
Program Memory can be read internally by user code.
Program Memory Organization
The PIC16F7X devices have a 13-bil program counter capable of addressing an
8K x 14 program memory space. Accessing a iocation above the physically
implemented address will cause a wrap-around. The RESET Vector s al 0000h

and the Interrupt Vector is at 0004h.

PIC16F7X Characteristic j
28140 Pins ‘
3 Timers ‘
110012 Inlermn.ps T

PSP, USART, SSP {SPL
14T Siave)

Communical.on ‘

20 w2 [roaenoy |
5-5i -
2 cop ‘
4K, AK FLASH Program Memssy 1}

{100 €0 cycles)

192, 366 bytes

RAM \

Nora

LEPRGL Data !

[0 :]) ‘

OSCILLATOR CONFIGURATIONS

OSCILLATOR TYPLS

“I'he PICT6LTX can be operated in lour dilferent oscillator modes. The user can

program two configuration bits (FOSCI and FOSCO) 1o seicel one of these four

modes:
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LI Low Power Cryslal
o XT Crystal/Resonator
* S High Speed Crystal/Resonaior

*  RC Resistor/Capacitor

CRYSTAL OSCILLATOR/CERAMIC RESONATORS

In XT, LP or HS modes, a crystal or ceramic resonator is connected to the
OSCI/CLKIN and OSC2/CLKOUT pins o establish oscillation. The PIC16177X
oscillator design requires the use ol a parallel cut erystal. Use o1 o series cut
crystal may give a frequency out of the crystal manufacturers specilications. When
in XT, LLP or 1IS modes, the device can have an external clock source w drive the

OSC1/CLKIN pin.

RC OSCILLATOR

For timing inscnsitive applications. the "R device option offers additional cost
savings. The RC oscillator frequency is o function of the supply voltage. the
resistor (REXT) and capacitor (CEXT) values, and the operating lemperature. In
addition to this, the oscillator frequency will vary [rom unit to unit due 10 normal

preeess parameter variation.

RESET
The PIC16F7X differentiates between various kinds of RISET:

# Power-on Reset (POR)

3
E

MCLR Reset during normal operation
# MCLR Reset during SLEEP

# WDT Reset (during normal operation)

iz
T

WDT Wake-up (during SEEEP)
# Brown-out Resct (BOR)



Some registers are not affected in any RESIH condition. Their status s unknown
on POR and unchanged in any other RESET. Most other registers are reset to a
“RESET state” on Power-on Reset (POR), on the MCLR and WDT Reset, on
MCLR Reset during SLEEP, and Brown-out Reset (BOR). They are not affected

by a WDT Wake-up, which is viewed as the resumption of normal operation.

Power-up Timer (PWRT)

The Power-up Timer provides a fixed 72 ms nominal timeout on power-up only
from the POR. The Power-up Timer operates on an internal RC oscillator. The
chip is kept in RESET as long as the PWRT is active. The PWRT’s time delay
allows VDD to rise to an acceptable level. A configuration bit is provided to
enable/disable the PWRT. The power-up time delay will vary from chip to chip

due to VDD, temperature and process variation.

Oscillator Start-up Timer (OST)

The Oscillator Start-up Timer {(OST) provides 1024 oscillator cveles (from OSCH
input) delay after the PWRT delay is over (if enabled). This helps to ensure that
the crystal oscillator or resonator has started and stabilized. The OST time-out is
invoked only for XT, I.P and HS modes and only on Power-on Resct or wake-up

from SLEEP,

Brown-out Reset (BOR)

The configuration bit, BODEN, can cnable or disable the Brown-out Rescl circuil.
If VDD [alls below VBOR {parameter D003, about 4V) (or longer than TBOR
(parameter #3535, about 100S), the brown-out situation will resct the device. VDI
falls below VBOR for less than TBOR, a RESET may not occur. Once the brown-
out oceurs, the device will remain in Brown-out Reset until VDI rises above
VBORK. The Power-up Timer then keeps the device in RESET for TPWRI

(parameter #33, about 72mS). [f VDD should fall below VBOR during TPWR'T
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ihe Brown-out Reset process will restart whien V12 rises above VBOR with the
Power-up Timer Reset. The Power-up Timer is abways enabled whiea the Brown-

out Reset circuit is enabled, regardiess of the state of the PWR'T coniiguration bil.

Watchdog Timer (WDT)

The Watchdog Tnmer 1s as a free running on-chip RC oscllator which does not
require any external components. This RC oscillator is scparatc from the RC
oscillator of the OSCI/CLKIN pin. That means that the WID'T will run, even if the
clock on the OSC1/CLKIN and OSC2/CLKOUT pins of the device has been
stopped, for example, by execution of a SLELP instruction. During normal
operation, a WDT time-out generates a device RESET (Waichdog Timer Reset). 1T
the device is in SLEEP mode, a WDT time-out causces the device to wake-up and
continue with normal operation (Watchdog Timer Wake-up). 'the TO bit in the

STATUS register will be cleared upon a Watchdog Timer time-oul.
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REGISTER FiLE MAPPING

File
Address

Indirect addr.(*}| 0Oh
TMRO 01h
PCL 02h
STATUS 03h
FSR 0dh
PORTA O5h
PORTB G6h
PORTC 07h
pPORTD'Y | 08h
PoRTED | oah
PCLATH CAnD
INTCON OBh
PR aCh
PIRZ GDh
TMR1L 0Eh
TWR1H OFh
TICON 10h
TMR2 1ih
T2CON 12h
SSPBUF 13h
SEPCON 14h
CCPRAL 15h
COPR1H 18h
CCPACON | 17h
RCSTA 18h
TXREG 19n
RCREG 1Ah
CLPR2L 18h
CCPR2H 1Ch
CCP2cOn | 1Bn
ADRES 1Eh
ADCOND 1Fh
20h

Genarai

Purgose

Register

96 Bytes
7Fh

Bank (0

File:
Address
Indirect addr.()| a0k
OPTION. REG! 81h
PCL B82h
STATUS 83h
FSR B4n
TRISA 85h
TRISE 26h
TRISC 87h
TRISDYY | man
TRISEN 85h
PCLATH 8Ah
INTCCHN 8Bh
PlE1 B8Ch
PIE2 80h
PCON 8En
EFh
a0h
31n
PR2Z Vsl
SSPADD aik
SSPSTAT 84h
95h
aeh
a7n
TASTA Gth
SFBRG Gah
840
EiEh
Bh
SCh
QEn
ADCON1 aFn
A0
Gengral
Purpose
Register
96 Byles
Frn

Bank 1

File
Address
Indirect adds{7}| 10Ch
TMRO 101h
PCL 102h
STATUS 1030
FSR 104k
1G5h
FORTR 106h
107h
1080
1030
PCLATH 1040
INTCON 108h
PMBDATA 1GChH
PMADR 1000
PMDATH | 10Eh
PMADRH 1GFh
1100
200
ACCEESCS
ZohTFrn
T6F
17¢h
17N
Lank 7

|:| Unimplemented data memory locations, read as "0
* Not a physical register.
Note 1: These registers are no? implemenied on 28-pin dovices,

File

Addiess

Indirect addr.i”)

180h

OFTION REG

181h

PCL

1840

STATUS

183h

FER

184h

185h

TRISE

18Eh

187h

18¢h

1890

POLATH

1840

INTCON

18Bh

PRACONA

18Ch

18Dh

18ch

16rh

1540

AN

P

(REEE 3
TFGa
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SPECIAL FUNCTION REGISTERS USED IN THE PROGRAM
INTCON Register

The INTCON register is a readable and writable register, which contains various
enable and flag bits for the TMRO register overflow, RB Port change and External
RBO/INT pin interrupts.

Note:

Interrupt flag bits are set when an interrupt condition occurs, regardless of the state
of its corresponding enable bit or the global enable bit, GIE (INTCON<7>). User
sofiware should ensure the appropriate interrupt flag bits are clear prior (o

enabling an interrupt.

INTCON REGISTER (ADDRESS 0Bh, 8Bli, 10Bh, 18Bh)

RAN-D  RAW-0 R0 RW-G RAG RAWC RV R
| o [ roc [ 7o [ wit | rez | Tor | wiF | weiF
Lit 7 Lit o
bit 7 GIE: Global Interrupt Enable bit

| = Enables all un-masked i1vucr1'upls
0 = Disables all interrupts
bit 6 PEILL: Peripheral Interrupt Lnable bit
I = Iinables all un-imasked peripheral interrupts
0 = Disables all peripheral interrupts
bit 5 TOIE: TMRO Overflow Interrupt Enable bit
I = Enables the TMR( interrupt
0 = Disables the TMRE mnterrupt
bit 4 INTE: RBO/INT External Interrupt Enable bit
’ 1 = IEnables the RBO/INT external interrupt
0 = Disables the RBO/INT external interrupi
bit 3 RBIE: RB Port Change [aterrupt Enable bit



I = Enables the RB port change interrupt

0 = Disables the RB port change intereupt

bit 2 TOXF: TMRO Overflow Interrupt Flag bit
I = TMRO register has overflowed (must be cleared in
software)

0 = TMRQO register did not overflow
bit 1 INTEF: RBO/INT External Interrupt Ilag bit
I = The RBO/INT external interrupt occurred {must be ¢leared
in software)
0 = The RBO/INT external interrupt did not occur
bit {} RBIF: RB Port Change Interrupt Flag bit
A mismatch condition will continue 1o set lag bit RBIL.
Reading PORTB will end the mismatch condition and allow flag bit RBIF to be
cleared.
I'= At least one of the RB7:RB4 pins changed state (must be
cleared in software)

0 None of the RB7:RB4 pins have changed state
PIE1 Register

The PIEL  register  contains  the  individual  cnable B for  the

peripheral interrupts.

Note: Bit PEIE (INTCON<6>) must be set 10 enable any peripheral interrupt.



PIE1 REGISTER (ADDRESS 8Ch)

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit ¢

RW-0  RW-0  RW-Q RANGO  RA-D RO RWC R0
[ psmet | apie | Reie | 7xiE [ ssmiE [ coPhE | TMRE [ TMRUE |
bit 7

.
SH M

PSPIE (1) : Parallel Slave Port Read/Write Interrupt Enable bit
1 = Enables the PSP read/write interrupt
0 = Disables the PSP read/write interrupt
ADIE: A/D Converter Interrupt Enable bit
1 = Enables the A/DD converter interrupt
0 = Disables the A/D converter interrupt
RCIL: USART Receive Interrupt Bnable bit
1 = Enables the USART receive interrupt
{ = Disables the USART receive interrupt
TXIE: USART Transmit Interrupt Enable bit
| = Enables the USART transmit interrupt
(0 = Disables the USAR'T transmit terrupt
SSPIE: Synchronous Serial Port lnterrupt Fnable bit
1 = Enables the SSP interrupt
0 = Disables the SSP interrupt
CCP11LE: CCP1 Interrupt FEnable bit
1 = Enables the CCP1 interrupt
0 = Disables the CCP1 interrupt
TMR2IE: TMR2 to PR2 Match Interrupt Inable bit
1 = Enables the TMR2 to PR2 match interrupt
() = Disables the TMR2 to PR2 maich interrupt
TMRIIE: TMRI Overflow Interrupt Lnable bit
1 = Enables the TMRI1 overllow interrupt

0 = Disables the TMR1 overflow interrupt

Note 1: PSPIL 1s reserved on 28-pin devices: always maintain this bit clear.
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PORT C FUNCTIONS:

Name Bit# | Buffer
type

Function !
\

RCO/T1OSO/TICKI | bitd | ST

Input/output  port  pin  or oscillator‘]
output/Timer! clock input. [

RCUI/TIOSI/CCP2 | bitl | ST

Input/output port pin or oscillator input or

Capture2 input/Compare? ompu‘u’l’W’\/m‘
‘ output o

RC2/CCP1 bit2 | ST } lnput/output port  pin or Ldpturcﬂ-
input/Compare] output/PWM1 output. ‘.
| RC3/SCK/SCL bit3 | ST RC3can also be synchronous serial clock !
| for both SPI and 1°2 modes. ‘
| RC4/SDI/SDA bit4 lST RC4 can also be the SPI Data in (SPI‘
mode) or Data /O (I"2C mode). |

RC5/SDO bitd ] ST Input/output port pin or Synchronous Scrlal

| | Port data output. _

RC6/TX/CK bit6 } ST } Input/output  port  pin  or USART ‘

|

| Asynchronous ‘Transmit or Symhronousl

j RC7/RX/DT bit7 ‘ ST

_ |

| Clock. .
| Input/output ~ port  pin “or USART .
| Asynchronous Receive or Synchronous |
| data. |

Legend: ST =Schmitt Trigger input

T1CON: TIMER1 CONTROL REGISTER (ADDRESS 10h)

U U0 RA%D  RAWD  RWD RO RMAD RIWO
[T [ —  [Ticwest | rrexpsy | Tiosoen | THTNC | TuRics [Tmion]
bit 7 i
bit 7-6 Unimplemented: Read as *0°

bit 5-4 T1CKPS1: T1ICKPSO0: Timerl Input Clock Prescale Seleet bits

I1 = 1:8 Prescale valuc

10 = 1:4 Prescale value

01 = 1:2 Prescale value

00 = 1:1 Prescale value
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bit 3 T10OSCEN: Timer] Oscillator Enable Control bit
I = Qscillator is cnabled
0 = Oscillator is shut off (The oscillator inverter is urncd off to
eliminate power drain)
bit 2 T1SYNC: Timerl External Clock Input Synchronization Control bit
TMRICS =1 bit 7 GIE: Global Interrupt Enable bit
1 = Enables all un-masked interrupts
0 = Disables all interrupts
bit 1 TMRICS: Timer1 Clock Source Select bit
I = External clock from pin RCO/T10SO/T1CKI (on the

rising edge)
0 = Internal clock (FOSC/4)
bit 0 TMRION: Timerl On bit

I = Enables Timerl

0 = Stops Timer!

PIRI Register

The PIR1 register contains the individual flag bits for the peripheral interrupts.

Note:

Interrupt flag bits are set when an interrupt condition occurs, regardless of the state
of its corresponding enable bit or the global enable bit, G1E (INTCON<7>). User
software should ensure the appropriate interrupt bits are clear prior to cnabling an

interrupt.

oo
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PIR1 REGISTER (ADDRESS 0Ch)

Rivy-4 Rw-0 R-0 R0 H-0 S-S FN ) HAN-U
[FSpe™ | Ao | molF | txk | sser | copin | tamatb | naRur |
bit 7 biz &}
bit 7 PSPIF (1) : Parallel Slave Port Read/Wriie Interrupt I'lag bil

I = A read or a write operation has taken place (must be
cleared in software)
0 = No read or write has occurred
bit 6 ADIF: A/D Converter Interrupt Flag bit
1 = An A/D conversion compieted
0 = The A/D conversion is not complete
bit 5 RCIF: USART Receive Interrupt FFlag bit
= The USART receive buffer is full
0 = The USART receive butler is empty
bit 4 TXIF: USART Transmit Interrupt Flag bit
| = The USART transmit buller is emply
0 = The USART transmit buller is lull
bit 3 SSPIF: Synchronous Serial Port (SSI7) Interrupt I'lag
I = The SSP interrupt concl'ﬁion has occurred, and must be
cleared in software before returning [rom the interrupt
Service Routine. The conditions that will set this bit are:
SPI - A transmission/reception has taken place.
I 2 C Slave - A transmission/reception has taken place.
1 2 C Master - A transmission/reception has taken place.
The initiated START condition was completed by the SSP modulce.
The initiated STOP condition was completed by the SSP module.
The initiated Restart condition was completed by the SSP module.

The initiated Acknowledge condition was completed by the SSP mocule.
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A START condition occurred while the SSP module was idle (Mulli-master
system).

A STOP condition occurred while the SSP module was idle (Multi-master

system).
0 = No SSP interrupt condition has occurred.
bit 2 CCP1IF: CCPI1 Interrupt Flag bit
Capture Mode:
1 = A TMRI register capture occurred {must be cleared in
software)
0 = No TMRI1 register capture occurred
Compare Mode:
1 = A TMRI register compare match occurred (must be
cleared in software)
0 = No TMRI1 register comparc match occurred
PWM Mode.
Unused in this mode
bit 1 TMR2IF: TMR2 to PR2 Match Interrupt Flag bit
1 = TMR2 to PR2 match ocz:urrcd (must be cleared in
software)
0 = No TMR2 to PR2 match occurred
bitO TMRIIF: TMR1 Overflow Interrupt Flag bit

I ="TMRI register overflowed (must be cleared in software)
0 ="TMRI register did not over(low

CCP1CON REGISTER/CCP2CON REGISTER (ADDRESS: 17h/1Dh)

U-0 U-0 R0 RIW-0 RAVEC RAMC  RARD RWD
[ — [ — T corx | ccrar | comams [ CoPxmz [ CCP<NT | COPRME |
bit 7 it 0
bit 7-6 Unimplemented: Read as '/
bit 5-4 CCPxX:CCPxY: PWM Lcast Significant bits
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bit 3-0

Capture Mode: Unused
Compare Mode: Unused
PWM Mode: These bits are the two LSbs of the PWM duty cycle.
The eight MSbs are found in CCPRXL.
CCPxM3:CCPxMO0: CCPx Mode Select bits
0000 = Capture/Compare/PWM disabled (resets CCPx module)
0100 = Capture mode, every falling edge
0101 = Capture mode, every rising edge
0110 = Capture mode, every 4th rising cdge
0111 = Capture mode, every 16th rising edge
1000 = Compare mode, set output on match (CCPxIF bit is set)
1001 = Compare mode, clear output on match (CCPxIF bit is set)
1010 = Compare mode,generate software interrupt on match
(CCPxIF bit is set, CCPx pin is unaffected)
1011 = Compare mode, trigger special event (CCPxIL bitis set,
CCPx pin is unaffected); CCP1 resets TMR1: CCP2 resets
TMRT and starts an A/D conversion (il A/D module is
enabled)
11xx = PWM mode

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

The 8-bit analog-to-digital (A/D) converter moduie has five

inputs for the PIC16F73/76 and eight for the PICI6F74/77. The A/D allows

convarsion of an analog input signal to a corresponding 8-bit digital number. The

output of the sample and hold is the input into the converter, which generates the

result via successive approximation. The analog reference voltage is software

selectable to either the device’s positive suppiy voltage (VDD), or the voltage

level on the RA3/AN3/VREF pin. The A/D converter has a unique featuie of

being able to operate while the device is in SLEREP mode. To operate in SLELP,
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the A/D conversion clock must be derived from the A/D’s internal RC oscillator.
The A/D module has three registers. These registers are:
» A/D Result Register (ADRES)
o A/D Control Register 0 (ADCONO)
e A/D Control Register | (ADCON1)
The ADCONO register controls the operation of the A/D module.
The ADCONI register configures the functions ol the port pins. The port pins can

be configured as analog inputs (RA3 can also be a voltage reference), or as digital
I/O.

ADCONO REGISTER (ADDRESS 1Fh)

R0 RW-0 RAED  RAY0  RAWO RIVV-0 U RAWD
| Apcst | Apcso | cHsz | cmst | chse | GODONE | — | Abow |
bit 7 Bir

bit 7-6 ADCS1:ADCS0: A/D Conversion Clock Sclect bits

00 = FOSC/2
(11 = FOSC/8

10 = FOSC/32
11 =FRC (clock derived from the internal A/D module RC
oscillator)
bit £-3 CHS2:CHSO0: Analog Channel Sclect bits

000 = channel 0, (RAGO/ANO)
001 = channel 1, (RA1/AN1)
010 = channel 2, (RA2/AN2)
011 = channel 3, (RA3/AN3)
100 = channel 4, (RAS/AN4)
101 = channel 5, (REO/ANS) (1)
110 = channel 6, (REI/ANG) (1)
111 = channel 7, (RE2/ANT) (1)
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bit 2 GQ/DONE: A/D Conversion Status bit

ITADON = 1;

I = A/D conversion in progress (sctting this bit starts

the A/D conversion)

0 = A/D conversion not in progress (This it is

automatically clearcd by hardware whzn

the A/D conversion is complele)

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

I = A/D converter module is operating

0 = A/D converter module is shutoff and consumes no

operating current

Note 1: A/D channels 5, 6 and 7 are implemented on the PIC161°74/77 only.

ADCON1 REGISTER (ADDRESS 9Fh)

-0 {98 -0 U-0 U-G RNAL0 R0

[ — [~ ] [ — | — PCFG1 | PCFGO

it 7 bit
bit 7-3 Unimplemented: Read as '0)'
bit 2-0 PCFG2:PCFGO0: A/D Port Configuration Control bits
PCFG2:PCFGO | RAO | RA1 | RA2 [RA3 | RAS | REO(1) : REI(]) | RE2) | VRer
000 A A A A A A A A | Vop
001 A A A VREF | A A A A RA3
010 A A A JA A b D D VDD
011 A A A VREF | A D D D | RA3
100 A A D [A Tp |p DD Vo
101 A A D JveerD D [T D |RAT
11X D D [D |D D D DD Tvon

A = Analog input
D = Digital /O
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Note 1 : REO,RE]and RE2 are implemented on the PIC16F74/77 only
Legend:

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

‘1’=Bit is set ‘0’ = Bit is reset -n = Valuc at POR reset

X = Bit is unknown
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APPENDIX F
CODING

#include(pic.h>

typedef unsigned char U1,
typedef unsigned int U2;
typedef unsigned long  U4;

#define nop asm(“nop™);

Ul ul_AdcFuellnit, ul _AdcFuelFinal, ul_OneDigit, ul _TenthDigit;
Ul ul_AdcFucl, ul HundredthDigit. ul_Count, u [ DelayCounter:
U2 u2 2msCount, u2 DelayCounter, u2 Tuell.evell:

U2 u2 DelayCounter, u2_ SpeedPulse:

bank1 U4
u4_FuelLevel2, u4_FuclLevell, u4_FuelLevel3. ud_Fuellevel, u4 FuellnitValue,
u4_FuelFinalValue;

U4 u4_KmAuvailable, u4 FuellIKm, u4_Display, u4_DisplayTemp;

Ul bFuclEnable, bFuelCalcOver, bInitial Value, bFinal Value:
Ul bRefreshValue, bSensorFault, bDelayOver, bNextOperation:

Const Ul WriteDisplay] |={0x3f, 0x06, 0x5b. Ox41. 0x66. Ox6d. Ox7d, 0x07.
0x7f, Ox61:

>



/* FUNCTION DECLARATIONS #/

void [nit Port{void);

void Init TimerO(void);

void Init_Ade(void);

void Init_Capture(void);

void Fuel [evel(void);

void delay(U2);

void FuelCalc(U1,U1,U2,U4);
void delay 1(void);

/ivoid Distance Calc(void);

/* MAIN FUNCTION #/

void main{void)

{
Init_ Port( );
Init TimerQ( ),
Init_ Adce( );
Init Capture( );

“Nhile(1)
{
Fuel Level( );
// Distance Cale( );



void Init_Port( )

{
TRISAO=TRISA1=1:
TRISB=0;
TRISC=0X04;
blnitialValuc=0;
bFinalValue=0;

void Init_ Timer0( )
{
TMRO=0X00;
INTCON=0X00;
OPTION=0XC4,;
TOIE=1;
GlE=1;
TMRO=0X82;

void Init Ade()

{
ADCONI1=0X02;
ADIE=0;

void Init_ Capture( )

(.
*

CCPICON:-=0X00:

/% for 2ms interrupt
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//

——

TMRIH=0X00,
TMRIL=0X00;
PIE1=0X00;
PIR1=0;
TMRI1IF=0;
CCPI1IF=0;

CCPICON=0X06;
TICON=0X01;

TMRIIE=1;
CCP1IE=1;

GlE=1;
PEIE=];

void Fuel Level()

{

if{bFuelEnable)

{
bFuelEnable=0;

ADCON0=0X89; // CHANNEL 1
Delayl();

ADGO=1;

while(ADGO);

ul_AdcFuel=ADRES;

nap;



{ul AdcFuel>250)
{

bSensorFault=1;
/f switch on red LLED

V
else if(lul AdcFuel>224)

f
L

bSensorFault=0;

FuelCale{ul AdcFuel,225,188.1 350);
f
else if{ul_AdcFuel>104)

I
L

bSensorkFaul=0;

FuelCalc(ul _Adcluel, 105,387,4450):

|
J

clse i{ul AdcFuel=49)
{
bSensorlFault=0;
FuelCale(ul _Adcluel 50,611.5350):

1
J

if(bInitial Value)
]
v
blnitial Value=0:
u4_FuellnitValue=u4 FuclLevel:
}
1f{blinal Valuc)
{
bl'inalValue=0:
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ud FuelFinalValuc=ud Fucllevel;
i blFuelCalcOver=1;
u4_FuellKm = (u4_ FuellnitValue-ud uellinal Value);
ud KmAvailable = (u4_FuelFinalValuc/ud FFuell Km);
u2 SpeedPulse=0;
bNextOperation=0;
PEIE = 1;
CCPIIE = 1;

/* void Distance Cale()
d
if(blFuclCalcOver)
|
bFuelCalcOver=0; .
u4_FuellKm = (u4_FuellnitValue-ud Fuell'inalValue);
u4d KmAvailable = (u4 FuelFinalValue/ud Fueil Km);
PEIE=1;
CCP1IE=];
u2_SpeedPulse=0;
bNextOperation=0;

! */
/* void delay(U2 u2 Msec)
{

/U2 u2 DelayCounter:
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u2_DelayCounter = (42 2msCount+u2 Msec):
if{u2_DelayCounter>500)
{

u2 DelayCounter—(u2_DelayCounter-300);
h
while(!bDelayOver):
bDelayOver=0;

nop;
} */
void delayl(void)
{
ul DelayCounter—0xIF;
while(--ul DelayCounter);
}

void FuelCale(U1 ul_AdcFuel,Ul ul YL,U2 u2 slope,Ud ud X ).
{ .

u4_FuelLevell = ((ul_AdcFuel-ul Y1)*100);

u4 Fuellevel2=u4 FuelLevell*100;

u4 FuelLevel3 = (u4 FuellLevel2/u2 slope):

u4_Fuellevel=ud4 X1-ud4 Fuellevel3:

nop;

/* ISR function */

interrupt void isr(void)

{



H{TOIL) /* for 2 ms */
{
H{++u2_2msCount>500)
{
u2 2msCount=0;
bRefreshValue=1;
3
if(bRefreshValue)
{
bRefreshValue=0;
ué4 Display=u4 KmAvailable;
}
if(++ul Count<4)
{
if{ul Count= = 1)

¥
t

ul_OneDigit=(ud4_DisplaylTemp%10);
RCS -RC4 0;RC3 1

PORTB=WriteDisplay[ul Oncligit]:
ud_ DisplyTemp=(ud DisplayTemp/10);
if(lu4_DisplayTemp)

ul Count=0;
j
else if{ul Count= =2)
{

ul TenthDigit=(u4 DisplayTemp%10);
RC3=RC3=0;RC4=1;

09



PORTB=WriteDisplay|ul TenthDigit]:
ud DisplayTemp (ud Displaytemp/io),

if(tud_DisplayTemp)

ul_Count=0;
3
else if(ul _Count= = 3)
{
ul HundredthDigit=(u4 DisplavTemp%10).
RC3=RC4=0:RC5=1;
PORTB=WriteDisplaylu! HundredthDigit];
ud DisplyTemp=(ud Displaylemp/10);
if('ud_DisplayTemp)
ul Count=(}
b
j
else

e

ul Count=0;
1
]
if{lul Count)

ud DisplayTemp = ud_Display:

if{u2_DelayCounter= = u2 2msCount}
bDelayOver—1;
TOIF=0; TMRO=0XCF;

INTF=0;

nop;



if(CCPIIF)
{
CCP1IF=0;
if(!bNextOperation)
—+u2_ SpeedPulse;
if(u2_SpeedPulse= =])
{
bfuelEnable=1:
binitialValue=1;
bFinalValue=0;
}
if(u2 SpeedPulse>4000)
{
1f{(!bNextOperation)
{
PEIE=0;
CCP1IE=0;
blFfuellinable~1:
binmtalValue=0;
bFinalValue=1;

bNextOperation= | ;



