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ABSTRACT

The goal of this project is to monitor the content of Liquified Petroleum
Gas (I.LPG) in a cooking gas cylinder / LPG cylinder and alert user to replace the
LPG cylinder when it is almost finish. This is to ensure that user would not be
stuck in between cooking / heating / drying / grilling when the gas runs out. Based
on Hooke’s Law, the project will use compression spring to measure the weight of
the LPG. The decreasing content of LPG in the LPG cylinder will affect the
movements of the compression spring. A sensor which is a potentiometer is used
to detect the decreased in weight of the LPG content. As the weight decreases, the
potentiometer will rotate according to the spring movements. The signal from the
sensor will be sent to the programming circuit via wireless Radio Frequency (RF)
transmission and displayed the result on Portable display consists of Liquid Crystal
Display (LCD), Light Emitting Diode (LED) and Buzzer. The buzzer will be used

to alert the user once the LPG reached the minimum level.
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CHAPTER 1
INTRODUCTION

1.1 Background of Study

Liquefied Petroleum Gas (LPG) is a mixture of propane, butane and other
chemicals. The LPG is widely used in domestic, commercial, industrial and
agricultural. It plays an important role in providing gas to user for cooking, heating,
drying and grilling {2]. Domestic Gas Monitoring Device (GMD) is designed to give
information to user on the volume of gas left inside the cooking gas cylinder / LPG
cylinder. It will also be able to alert user to replace the gas cylinder before finish so
that user would not be stuck in between cooking / heating / drying / grilling when the

gas runs out.

There are three categories of domestic LPG cylinder in Malaysia which are
the 12kg, 14kg and 50kg. However, this project will concentrate on the 12kg and
14kg domestic LPG cylinder.

Currently in the market, the volume of gas inside the LPG cylinder is
monitored using LPG gas regulator which uses the concept of gas pressure. For this
project, a different concept will be implemented to monitor the content of LPG in the
LPG cylinder. The Domestic GMD in this project will make use of compression of
spring to monitor the weight of the LPG. Domestic GMD that is reliable, cost-
effective and user-friendly will be designed. The Domestic GMD will be able to
give information on the content of gas left on a Portable display consists of Liquid
Crystal Display (LCD), Light Emitting Diode (LED) and Buzzer. The buzzer will be

used to alert the user once the LPG reached the minimum level.



1.2 Problem Statement

LPG or cooking gas is an important element in cooking, heating, drying and
grilling. Without it, living would not be as easier as before. It is like going back to

ancient times where you have to make your own fire using woods.

User often gets frustrated as they get stuck in between cooking when the gas
runs out. These is because, currently there are no mechanism to alert the user when
the LPG reaches its minimum level. This will reduce the quality of food cooked
because some of the food such as rice, stew and cakes need proper and constant

heating.

Bakeries, cake houses and even pizza outlets used LPG to fire their baking
ovens. The same problem will occur if the gas runs out in between the cooking. For

bakeries and cake houses, the cakes will be spoiled which results in loss.

Currently, there are two types of gas monitoring device in the market. First
type is the conventional gas monitoring which consist of a head / regulator and a
hose. It is cheap but it is not able to give information to user on the content of LPG
left inside the cooking gas cylinder. Second type is the gas monitoring using
pressure regulator with indicator. Although it is able to give information to user on
the content of LPG left inside the cooking gas cylinder, it is expensive, cannot alert
user when the LPG has reached the minimum level and is placed on top of the LPG
cooking gas cylinder. This is not feasible for the user to monitor since most of them
placed their cooking gas cylinder inside their kitchen cabinet or below their stove
oven. Therefore, it is not convenient for them to check the content of LPG left in

their cooking gas cylinder.



1.3 Objectives and Scope of Study

The main objectives of the project are to design and build prototype of a
GMD for domestic cooking gas cylinders that:

1. Gives information on the content / weight of LPG
Alerts user when the LPG reach the minimum level
Provides wired and portable display

Costs less than RM 100

el

The devices that will be used are sensors, radio frequency transmitter and
receiver for portable display, Programmable Integrated Circuit (PIC) and Liquid
Crystal Display (LCD). The scope of study for this project is the 12kg and 14kg

domestic cooking gas cylinder.



CHAPTER 2
LITERATURE REVIEW

2.1 Monitoring device

The project will use spring to monitor the content of LPG in the cooking gas
cylinder. There are a few types of springs which are compression spring, extension
spring and torsion spring [5]. Compression spring which is an open-coil, helical

spring that offers resistance to compressive loading is chosen for this project.

Spring follows the Hooke’s Law which stated that elasticity is an
approximation that states that the amount by which a material body is deformed (the
strain) is linearly related to the force causing the deformation (the stress). Therefore,
for compression spring, when content of LPG in cooking gas is decreased, the spring
will go upward because the load is directly proportional to deformation of spring. For

systems that obey Hooke’s Law:

F=—k?

Where,
x = the distance by which the material is elongated [usually in meters]
F = the restoring force exerted by the material [usually in Newtons]
k = the force constant (or spring constant). The constant has units of force per unit length
Tusually in Newtons/metre]

[Source from http://en.wikipedia,org/wiki/Hooke's_law]

‘When this holds, the behavior is said to be linear. Elastic materials are objects
that quickly regain their original shape after being deformed by a stress, with the
molecules or atoms of their material returning to the initial state of stable
equilibrium. Hooke’s Law only holds for some materials under certain loading

conditions. Steel exhibits linear-elastic behavior in most engineering applications.



Hooke’s Law is valid for it throughout its elastic range (i.e, for stresses below the
yield strength). For some other materials, such as aluminium, Hooke’s Law is only
valid for a portion of the elastic range [3]. Commeon spring materials and properties

are shown in Table 2.1 below:

Table 2.1 — Common Spring Materials and Properties

Common Spring Materials and Properties

Material Tensile Modulus of Modulus in Maximum Design
Strength min. Elasticity (psi x Torsion (psi x Temperature (deg
{psix 103) 106) 106) F)

Music wire 229 - 300 30 11.5 250
Chrome Vanadium 190 - 300 30 11.5 425
Stainless Steel 302 125 - 350 28 10 550
Stainless Steel 17-7 235-335 295 11 600

(313)

[Table 2.1 adapted from http://www.engineersedge.com/spring_general.him]

For these materials, a proportional limit stress versus stain curve for low-
carbon steel is defined on Figure 2.1 below (errors associated with the linear
approximation are negligible) [3]. Hooke’s Law is only valid for the portion of the

curve between the origin and the yield point.

; I 1. Uttimate sirength

2. Tield strength-corresponds to

! yield point
ST T $ 3. Bupture
» 4. Strain hardening region

5. MNecking region

Strain

Figure 2.1 — Graph of the spring equation

igure 2.1 from http://en.wikipedia.org/wi ooke's law
[Figure 2.1 f http:// ikipedia.org/wiki/Hooke's_law]




For compression spring, the equation is:

B oefosted
J

Figure 2.2 — Compression spring

Force (F) = k (Dsanding — Dpeflected)

Where;
F = Force exerted by spring
Dgimaing = Free length of spring
Dpettected = Length of spring with force applied
k = Spring constant determined by experiment or calculation

[Source from http://www.engineersedge.com/spring_comp_calc.htm]

The spring rate can be measured by taking the difference in force at 80%
maximum deflection and 20% minimum deflection and dividing by the difference in
deflection. The spring rate tends to be constant over the central 60% of the deflection
range. Because of end coil effects, the first 20% of range has a considerably lower
spring rate. The final 20% of deflection shows considerably higher spring rate. When
designing for a particular spring, design for critical loads and rates to be within the

central 60% deflection range [5].

2.2 Sensor

For the sensor part, variable resistor is proposed as the sensor to detect the
movements of springs due to weight changes on the LPG cooking gas cylinder.
According to [7], variable resistor is a device which its resistance can be changed.
Variable resistors consist of a resistance track with connections at both ends and a
wiper which moves along the track as the spindle is tumed (Refer Figure 2.3). The
track may be made from carbon, cermet (ceramic and metal mixture) or a coil of wire

(for low resistances) and is usually rotary [7], [8].



tg: rminals
Figure 2.3 — Construction of a variable resistor

There are three types of variable resistor which are Rheostat, Potentiometers

and Preset. Each type has a different way of working:

1. Rheostat: In this type of resistor conducting wire is wound around a drum.
There are two terminals and one of them 1is fixed while the other slider moves
forward and backward. When the slider is moved, the number of conducting
coils increases or decreases thus decreasing or increasing the current

resistance. An example of varying current is to control the brightness of lamp.

2. Potentiometers: This type has three terminals, all connected. As the terminal
moves in or out, the resistance changes. The potentiometer is normally used
to vary voltage. An example of varying voltage is to control the volume
(loudness) in an amplifier circuit. If the terminals at the ends of the track are
comnected across the power supply, then the wiper terminal will provide a

voltage which can be varied from zero up to the maximum of the supply.

3. Presets: They are mounted on the PCB and usually the resistance can be
adjusted using a screwdriver or similar tool.'An example of application using
preset is to set the frequency of an alarm tone or the sensitivity of a light-
sensitive circuit.

Multiturn presets: Similar to preset but a very precise adjustments must be

made. The screw must be turned many times (10-+) to move the slider.

For this project, the proposed variable resistor type to be used is
potentiometer. This is because the weight of the gas left is calculated from the
varying voltage. The microcontroller will then convert these voltage signals into

values that are easy for the user to understand.



Pictures and symbols of each type of the variable resistors are shown in

Figure 2.4 and Figure 2.5 below:

@ L ® e
Figure 2.4 — (2) Potentiometer / Rheostat, (b) Preset and {(¢) Multitwin Preset

3 (= &) . o8
Figure 2.5 — (a) Rheostat Symbol, (b) Potentiometer Symbol and (¢c) Preset Symbol

[Figures 2.3-2.5 from http://www.flickr.com/photos/stibhbons/172729198/ and

http://www.kpsec.freeuk.com/components/vres.htm]

2.3 Microcontroller

Microcontroller is needed to control the Gas Monitoring Device system. A
microcontroller is a computer-on-a-chip. It is a type of microprocessor emphasizing
high integration, low power consumption, self-sufficiency and cost-effectiveness, in
contrast to a general-purpose microprocessor (the kind used in a PC).
Microcontroller consume relatively small power (milliwatts), and generally have the
ability to turn into sleep mode. User can wake them up manually (by pressing
button) or automatically (triggered when sensor sent signals). The power
consumption while in sleep mode may be just nano watts, which makes it ideal to be
use in the Gas Monitoring Device system which requires low power and long lasting

battery applications [9].

For the purpose of this project, a microcontroller containing internal on-chip
Analog to Digital Converter (ADC) is chosen. This is because the potentiometer,
which will act as the sensor operates in analogue mode. This analogue signal needs

to be converted into digital signal to enable it to display digital values on the Liquid



Crystal Display (LCD). Disadvantages of Internal ADC are it does not have high
accuracy conversions and speed. Since this project does not require both high
accuracy conversions and speed, Internal ADC is the best choice because of its

simplicity, cost effective and less consumption of space.

There are many microcontrollers containing internal on-chip ADCs such as
Atmel Atmega series and Microchip microcontrollers. For this project PIC16F877
from Microchip has been chosen as the controller [Refer Figure 2.6]. The full
datasheet of PIC16F877 is attached in Appendix G.
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Figure 2.6 — PIC16877 40-Pins diagram

[Figure 2.6 from http://www.microchip.com/downloads/en/DeviceDoc/30292¢.pdf]

2.3.1 PICI6F877

PIC16F877 is a microcontroller which has 8K x 14-bit words of Flash
program: memory, 368 bytes of data RAM, 256 bytes of data EEPROM and an 8-
level x 13 bit wide hardware stack. The Program Counter (PC) of this Programmable
Integrated Circuit (PIC) is 13 bits wide, thus making it possible to access all 8K x 14
addresses [11].

This PIC has five digital I/O ports (A,B,C,D,E) each between 3 and 8 bits
wide. Each port is mapped into the register space, and may be read and written to

like any other register. The circuitry is such that it is not possible to physically input



to and output from a particular pin simultaneously. For most ports, the /O pins
direction controls the direction of PORT<x>. A ‘1’ in the TRIS bit corresponds to
that pin being an input, while a ‘0’ corresponds to that pin being an output. An easy

way to remember is that a ‘1’ looks like an I (input) and a ‘0’ looks like an O

(output) [12].

The port register is the latch for the data to be output. When the port is read,
the device reads the levels present on the /O pins (not the latch). This means that
care should be taken with read-modify-write commands on the ports and changing
the direction of a pin from an input to an output. The pins on the PIC are
multiplexed so that one of several functions may be selected (e.g. pin 2 may be used
as either bit 0 of /O port A, or as channel 0 of an A/D converter). The TRIS
registers control the direction of the port pins, even when they are being used as

analog pins [12].

The TRIS bits must be maintained set when using the pins as analog inputs.
The A/D allows conversion of an analog input signal to a corresponding 8-bit digital
number. The output of the analog ‘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 positive supply voltage (5V) [12].
2.4 Wireless Transmission

Several technologies have been taken into consideration. Table 2.2 shows

different wireless technologies and their brief descriptions.

Table 2.2 — Wireless Technologies currently available [16]

Wireless Technologies Description

Operates in the unlicensed 2.4 GHz spectrum and can operate
over a distance of 10 meters or 100 meters depending on the
Bluetooth Bluetooth device class. Bluetooth wireless technology are able
to penetrate solid objects and the cost of Bluetooth chips is
under $3.

10




Ultra-Wideband (UWB)

Transmit digital data over a wide spectrum of frequency bands
with a very low power. It can transmit data at a very high data
rates. However, UVB products are slow to come to market due
to the disagreements over the standard and the lack of global
regulatory approval.

Wi-Fi (IEEE 802.11)

Stands for Wireless Fidelity and is used to define any of the
wireless technology in the IEEE 802.11 specification. Wi-Fi
Alliance is the body responsible for promoting the term and its
association with various wireless technology standards. Wi-Fi
boasts faster data transfer speeds and range compare to
Bluetooth, making it a good replacement for Fthemet systems
while Bluetooth requires less power and is therefore more

prominent in small appliance such as PDA.

WiBro (Wireless
Broadband)

Provides high data rate wireless internet access with Personal
Subscriber Station (PSS) under the stationary of mobile
environment, anytime and_anywhere. It uses the frequency of
2.3-2.4 Ghz using channel bandwidth of 10 Mhz. The system
supports mobile users at a velocity of up to 60 km/h.

Infrared (IrDA)

Provides wireless connectivity for devices that normally use
cable to connect. It is a point-to-point device and designed to
operate over a distance of 0 to 1 meter at sped of 9600 bps to
16 Mbps. Disadvantages of IrDa is it is not able to penetrate

solid objects.

Radic Frequency (RF)

Provides wireless connectivity to many applications such as
cordless phones, radar, ham radio, GPS and radio and
television broadcasts. RF waves are electromagnetic waves
which propagate at the speed of light, or 186,000 miles per
second (300,000 km/s). Every device that uses RF waves must
conform to the Federal Communication Commission’s (FCC)

regulations.

ZigBee (IEEF. 802.15.4)

Operates at 250 kbps at 2.|4 GHz, 40 kbps at 915 Mhz and 20
kbps at 868 MHz. Its purpose is to become a wireless standard
for remote conirol in the indusirial field. Zigbee technology is
targeting the control applications industry which does not
require high data rates but must have low power, low cost and

ease of use.

11




For this project, RF transmission is chosen to transmit the signal from sensor

to the portable display. The advantages of RF compare to other technologies:

* Simple technology but very effective in wide field of industry

* Able to penetrate solid object

* Cheap (less than RM100)

* Frequency can be adjusted to suit the environments

» Range of RF signal can be as far as hundred kilometers depending on the

design of circuit.

The transmitter and receiver chosen as shown in Figure 2.7 are TLP 434 and

RLP 434 respectively. The full datasheet is attached in Appendix H.

o 3 :Olghsl ot Owiput
. pna:
.':;;&» pin 3 : Lineas Output /Test
pin 3 : Ve ”::m
pin 4 Antenna ( RF output ) pin & :Gnd
pin 7 :Gnd
pin B Antena
() (1]

Figure 2.7 — (a) TLP 434 (RF Transmitter); (b) RLP 434 (RF Receiver)

[Figures from http://www.laipac.com/easy_434a_eng.htm]|

RF in electromagnetic spectrum is usually crammed with noise and other
interference signals. Thus, when using a wireless RF transmission, it is desirable to
filter out unwanted / noise signals to prevent incorrect data signals from being
received and interpreted. The method is to use an encoder IC (CIP-8E) at the
transmitter and decoder (CIP-8D) at the receiver side [Refer Appendix I for full
datasheet]. These ICs are able to generate multiple serial codes and should be
decoded and matched with the address bits on the decoder before data signals are
received, recognized and verified. Otherwise, without implementing the approach,
wireless RF transmissions would trigger themselves at the receiver when it receives

data signals which are mixed with noise and interferences [14].

12



2.5 LCD Display

The other important characteristic for this project is the display. Thé type of
display that is chosen to display the amount of gaé left inside the LPG cooking gas
cylinder is a 2 x 20 serial LCD display. The display should be suitable with the
microcontroller in order to be able to display the value and some wordings. The

datasheet of the LCD display is attached in Appendix J.

LCD is a thin, flat display device made up of any number of color or
monochrome pixels arrayed in front of a light source or reflector. It is often utilized
in battery-powered electronic devices because it uses small amounts of electric

power [13].

Each pixel of an LCD typically consists of a layer of molecules aligned
between two transparent electrodes, and two polarizing filters, the axes of
transmission of which are (in most of the cases) perpendicular to each other. With no
liquid crystal between the polarizing filters, light passing through the first filter
would be blocked by the second (crossed) polarizer [13].

The surface of the electrodes that are in contact with the liquid crystal
material are treated so as to align the liquid crystal molecules in a particular
direction. This treatment typically consists of a thin polymer layer that 1s
unidirectionally rubbed using, for example, a cloth. The direction of the liquid crystal

alignment is then defined by the direction of rubbing [13].

Before applying an electric field, the orientation of the liquid crystal
molecules is determined by the alignment at the surfaces. In a twisted nematic device
(still the most common liquid crystal device), the surface alignment directions at the
two electrodes are perpendicular to cach other, and so the molecules arrange
themselves in a helical structure, or twist. Because the liquid crystal material is
birefringent, light passing through one polarizing filter is rotated by the liquid crystal
helix as it passes through the liquid crystal layer, allowing it to pass through the

13



second polarized filter. Half of the incident light is absorbed by the first polarizing

filter, but otherwise the entire assembly is transparent [13].

When a voltage is applied across the electrodes, a torque acts to align the
liquid crystal molecules parallel to the electric field, distorting the helical structure
(this is resisted by elastic forces since the molecules are constrained at the surfaces).
This reduces the rotation of the polarization of the incident light, and the device
appears gray. If the applied voltage is large enough, the liquid crystal molecules in
the center of the layer are almost completely untwisted and the polarization of the
incident light is not rotated as it passes through the liquid crystal layer. This light will
then be mainly polarized perpendicular to the second filter, and thus be blocked and
the pixel will appear black. By controlling the voltage applied across the liquid
crystal layer in each pixel, light can be allowed to pass through in varying amounts

thus constituting different levels of gray [13].

The liquid crystal material and the alignment layer material contain ionic
compounds. If an electric field of one particular polarity is applied for a long period
of time, this ionic material is attracted to the surfaces and degrades the device
performance. This is avoided either by applying an alternating current or by
reversing the polarity of the electric field as the device is addressed (the response of
the liquid crystal layer is identical, regardless of the polarity of the applied ficld)
[13].

When a large number of pixels is required in a display, it is not feasible to
drive each directly since then each pixel would require independent electrodes.
Instead, the display is multiplexed. In a multiplexed display, electrodes on one side
of the display are grouped and wired together (typically in columns), and each group
gets its own voltage source. On the other side, the electrodes are also grouped
(typically in rows), with each group getting a voltage sink. The groups are designed
so each pixel has a unique, unshared combination of source and sink. The
electronics, or the software driving the electronics then turns on sinks in sequence,

and drives sources for the pixels of each sink [13]. °
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Important factors to consider when evaluating an LCD display include
resolution, viewable size, response time (sync rate), matrix type (passive or active),
viewing angle, color support, brightness and contrast ratio, aspect ratio, and input
ports (e.g DVIor VGA) [13].

Figure 2.8 below shows LCD display of the GMD. For this project, the
display will show the weight of gas left in kilograms. From the figure, “TANK:
VERY LOW” means that the content of LPG is in between 1 to 3 kg.

Figure 2.8 — 2 x 20 serial LCD display

2.6 Domestic GMD proposed design

The proposed design of the domestic GMD is shown in Figure 2.9 below.
The GMD consists of four compression springs, rack and pinion gears, sensor, RF
Transmitter and Receiver circuit, programming circuit, portable LCD display,

buzzer, spring holder and roller.

Figure 2.9 — Proposed design of the Domestic GMD
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CHAPTER 3
METHODOLOGY

3.1 Project Flowchart

In ensuring the smoothness of project execution, a project flowchart is
constructed as shown in Figure 3.1 below. The figure outlines the main approaches

use in completing the project.

Start

Literature review &
Research

.

Design
1. Monitoring Device
2. Sensor and Circuit design <
3. PIC Programming
4. Printed Circuit Board (PCB)

Troubleshoot

Yes

Fabrication

I

Test &
Implementation

I
( Final Product )

Figure 3.1 — Project Flowchart
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3.2 Experimental / Laboratory Work

The experimental work is sub-groups into four parts which are Monitoring

device, Sensor and Circuit design, PIC programming and PCB Design;

3.2.1 Monitoring device

The main component in the Monitoring Device is Compression Spring.
Spring testing experiment is done to determine the right spring size and constant for
the project. All the equipments necessary for spring testing is available at the

Geotechnical Lab located at New Academic Complex Block 14.

3.2.2 Sensor and Circuit design

During this stage, the input and output to be integrated on Domestic GMD are
determined. The input will be from the potentiometer as sensor, the outputs are
Portable display consists of LCD, LEDs and Buzzer. Before the circuits were
produced on normal breadboard, they were designed in PSpice software and
simulated. The purpose of simulation design is to design the circuit virtually before

the real circuit is constructed.

3.2.2.1 Voltage Regulator circuit

The Microcontroller (PIC16F877) needs a supply voltage of 5V. Therefore, a
voltage regulator circuit needs to be constructed to supply a regulated 5V DC supply.

Figure 3.2 below shows a schematic diagram of Voltage Regulator circuit.

itage Regulamr

— Y
|
;
1

Figure 3.2 — Schematic diagram of Voltage Regulator circuit
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3.2.2.2 Sensor circuit

The sensor (Potentiometer) is connected to the output of Voltage Regulator
circuit as shown in Figure 3.3. The sensor output (in analogue mode) will be the

input to the Microcontroller. The analog reference voltage will be selected as SV.

[

To_Mcrocontrmiler

Figure 3.3 — Schematic diagram of Sensor circuit

3.2.2.3 Block diagram of overall circuit

The overall circuit is break down into two parts as shown in Figure 3.4; the
first part consists of a sensor, microcontroller and transmitter circuit while the second

part consists of receiver circuit, microcontroller and the output display.

| Tramwarden |
Wirsleza RF
Trarrumission
ps
.

E‘é%ﬁ

Figure 3.4 — Block diagram of the overall circuit
3.2.3 PIC Programming

The programming part is done at Microprocessor Lab located at New
Academic Complex Block 22. A few procedures need to be followed in order to

program the PIC. The ADC value will be calculated by using the formula below;

Vin = (Vsuniscate X ADC value) / (2° - 1)
where;
Viullscale = 5V

ADC value = Variable resistor input

[Equation from Embedded C Programming and the Microchip PIC book by Barnett
Cox & O’Cull]
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3.2.3 PCB Design

Once the schematic of the overall circuit is finalized, the circuit is design
using Eagle 4.13 software to be printed on the Printed Circuit Board (PCB). A PCB
is a piece of plastic/fiber material on which electronic components can be mounted
for mechanical support, and which also electrically interconnects all the equipments
it supports by means of a pattern metal tracks on it outer surfaces and sometimes on

inner layers.

Almost all electronic equipment, from large computers and radar systems
down to pocket transistor radios, uses printed circuit boards as the main component

support and interconnection system.

Printed circuit interconnections take up less space than ordinary insulated
wiring and the plastic substrate also support all the components it interconnects and

no other pane!l or frame is required.

The advantages of printed circuit boards over other forms of packing or

wiring can be summarized as:

o Predictability.

* Repeatability.

o Reliability.

¢ Low Cost.

e Light Weight.

¢ Low Volume.

¢ TEasy Assembly and Servicing.
* Ease of Cooling.

* Ability to Use Mass Soldering Techniques.
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Figure 3.5 below is the procedure that needs to be followed in order to

produce a PCB.
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Figure 3.5 — Fldwchart of producing PCB
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3.3 Tools and Equipments

The tools and equipments used during this project are divided into three sub-

groups as below;

3.3.1 List of Equipments

*  Multimeter

*  DC Power supply

* Digimatic Caliper

= PIC Development Programmer

= Computer Numerical Control (drill PCB)
= UV exposure unit (PCB)

*  Photo Plotter (PCB)

*  Brush Cleaning Machine (PCB)

3.3.2 List of Softwares

» PSPICE (Circuit Simulation)

* EAGLE 4.13 (PCB Design)

* (CCS Compiler (PIC Programming}
*  Warp 13 (PIC Uploader)

3.3.3 List of Components

=  Spring

= (ear

» Potentiometer

» PIC16F877 Microcontroller

* TLP 434 RF Transmitter & RLP 434 RF Receiver
= (CIP-8E Encoder

» (CIP-8D Decoder

= LCD Display
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CHAPTER 4
RESULTS AND DISCUSSION

4.1 LPG Gas Cylinder calibration

During research, calibration on the weight of three LPG gas cylinders for
each 12 kg and 14 kg is done. Petronas’ LPG gas cylinder is chosen. Table 4.1

below shows the result of the calibration:

Table 4.1 — Calibration result for 12 kg and 14 kg Petronas’ LPG gas cylinder

Category Type En;pty gas C;yhnder (;fg) Fl;ll gas cghnder (;cg)
12 kg Domestic Cylinder | 15.83 | 15.86 | 15.81 |27.78 | 27.65 | 27.70
14 kg Domestic Cylinder | 16.51 | 16.62 | 16.55 | 30.39 | 30.40 | 30.35

The ideal weight for each empty 12 kg and 14 kg gas cylinder 1s 15.8 kg and
16.5 kg. The ideal weight for each full 12 kg and 14 kg gas cylinder is 27.8 kg and
30.5 kg. From the result shown above, both 12 kg and 14 kg gas cylinders gave an
approximate of less than + 150 gram error when calibration is done on different
cylinders. Since the error is small, concept of weight can be used to monitor the

content of LPG inside the cooking gas cylinder.
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4.2 Monitoring device

4.2.1 Spring Testing experiment

Two experiments are conducted using different compression spring constant.
These experiments as shown in Figure 1 are conducted to verify the suitability of

using spring and to find the suitable spring constant for the system.

Figure 4.1 — Picture on the experiment conducted

The first experiment is conducted using three compression spring while the
second experiment is conducted using four compression spring. Results are attached
in Appendix C and D respectively. The deformation of spring is measured using

Digimatic Caliper, an equipment which gives a precise reading.

From the results obtained, graph of Load versus Deformation is plotted for
each experiment. Both graphs shown in Figure 2 results in a linear straight line

which proved that the load is proportional to the deformation of spring.

|
80 | | 30
| 70 ] -
o| A I " |
x 50 A ‘ | = P |
F ~ Loadikg .~ —
‘ ! Lo s n-rrJ i i1 o | . Ddar?;zmnm
30 | = | 6 .t'
20 | | "
| 10— 5 i
| o¥s : : | o4
0 50 100 150 | 0 50 100 150
Deformation,mm Deformation mm
|
(a) (b)

Figure 4.2 — (a) Graph of Experiment 1: Load versus Deformation; (b) Graph of
Experiment 2: Load versus Deformation

23



For experiment 1, the spring constant calculated is 6.615 N/mm. The system
can sustained load up to 70 kg which is suitable to monitor the LPG cooking gas
cylinder but since the sensor is very sensitive (maximum rotation of potentiometer is
20 mm, therefore 1.43 mm changes of spring height for each kilograms), a higher
spring constant is needed. For experiment 2, four springs are used and the calculated
spring constant for the system is 1.668 N/mm. The system can sustained load up to
23 kg which is lower than the maximum weight of a 14 kg LPG cooking gas cylinder
(Weight of a full 14 kg cylinder is 30.5 kg). Therefore, the spring constant is not
suitable for the system. Based on both experiment done, a maximum of four springs

will be used for stability purposes.

4.2.2 Calculations

Based on the results obtained, the spring constant for both experiments are
calculated. From the experiment, the suitable spring constant for the system is

obtained as below:

Experiment 1:
Spring constant for the system, K

=AF /A Xequi =(264.87 - 68.67) / (39.75 - 10.09) = 6.615 N/mm

Experiment 2:
Spring constant for the system, K

=AF/AXequi=1(215.82-19.62)/(129.41 — 11.755) = 1.668 N/mm

The suitable spring constant for the system:

Spring used: 4

Sensor rotation = 20 mm

Spring constant for the system, K =(30.5 kg x 9.8) /(20 mm /14 kg x 30.5 kg)
=6.97 N/mm

Deformation of the spring, X =43.57mm/30.5 kg
= 1,43 mm for each 1 kg load
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4.3 Sensor and Circuit design

The sensor and circuit design is break down into two parts; the first part
consists of a sensor, microcontroller and transmitter circuit while the second part
consists of receiver circuit, microcontroller and the output display [Refer Figure 4.3
and 4.4].

The microcontroller will be the brain of the overall controller circuit where it
regulates the overall process according to set points given. The input (sensor) would
be from the variable resistor. The outputs are the LCD, buzzer and LED; all

controlled by the microcontroller.

Figure 4.3 — Part 1: Schematic of Sensor and RF Transmitter circuit
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Figure 4.4 — Part 2: Schematic of RF Receiver and Output display circuit

4.3.1 Construction of the overall circuit

Based on Part 1 and Part 2 schematic diagram, the circuit is constructed on
normal breadboard as shown in Figure 4.5 to test the workability. All components
are put onto the breadboard temporarily to see if the desired results can actually
come out. The voltage regulator circuit results in a perfect SV output from input of
9V. When the input from the sensor is connected to the Controller circuit, result is

displayed on the LCD. Based on the programming set in the microcontroller, the

outputs will display:
Table 4,.2: Output display
Weight (kg) LED light Buzzer Display
>3 Green Off TANK: OK
3 <Weight<5 Orange Off TANK: LOW
1 <Weight <3 | Orange (blinking) Off TANK: VERY LOW
<l Red On TANK: REPLACE NOW

26



Figure 4.5 — Construction of Part 1 and Part 2 circuit on normal breadboard

4.4 PIC Programming

The microcontroller (PIC16F877) needs to be programmed before it can start
functioning. The C Program is divided into 2 main parts; Part 1: ADC and
transmitter and Part 2: Receiver and Output display [Refer Appendix E]. The C
programs are compiled using PICC Compiler. This compiler is used to convert the C

file into Hex file [Refer Figure 4.6].

ng Q088 a—:u a8 |
w Xah AT FES 8
|2 8

w2 |

Rinciude C1OT877.0)

ll.-u e ADC-8

fu u MIVD T, WOPROTECT, WOPUT, MOGROMANIT, WOLUP
lu lel.ayt clock -~ Wo0e0ee)

Rinclude <LLD.CY

woid main()
[
Fisat mph;
int msd, 1sd;
ph- 1N 0255 .0;
un init(};
setup_adc_perts{A1L_RHALBE) ; -4
setup_ade{ADC_CLOCK INTERMAL ) ;
while(1)
{

wnsigued iot1d ke
set_ade_channel(®) ;

delay_res(58);
kg = read_ade()
kg = hgeep; &
0 L[J
AR | € \Progam AP Devorrind 2 e i

Figure 4.6 — PICC Compiler

Once the program is successfully compiled and converted into Hex file, it is
downloaded to Warp-13, and then uploaded onto PIC using PIC Development

Programmer [Refer Figure 4.7 and 4.8].
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Figure 4.7 — Warp-13 software

i
4T DELS ¢

Figure 4.8 - PIC Development Programmer

4.5 PCB Design

The PCB design is constructed using eagle 4.13 software once the sensor and
circuit design is finalized. Procedure that needs to be followed to produce PCB is
shown in Methodology. The PCB layouts are attached in Appendix F. Figure 4.9

and 4.10 below are the produced PCB from both Part 1 and Part 2 circuit.



. 1 i
Figure 4.9 — Part 1: PCB consists of Sensor and RF Transmitter circuit

Figure 4.10 — Part 2: PCB consists of RF Receiver and output display circuit



4.6 Construction of Domestic GMD prototype

The construction of Domestic GMD is done at Building 22°s lab. Figure 4.12
and 4.13 is the final product. A set of Rack and Pinion gears will be used to rotate
the potentiometer. The dimension of the Rack and Pinion gears is attached in

Appendix K.

N ire 4.11 — Final product

Figure 4.12 — Gear to rotate the potentiometer
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4.7 Cost Analysis

The costing of the project as shown in Table 4.3 is done by referring to the

State and Mayor companies’ price at Pasir Putih.

Table 4.3: Cost for Domestic GMD

Components Cost

Spring RM 12.50
Microcontroller RM 20.00
RF Transmitter & Receiver RM 37.08
Encoder & Decoder RM 8.00
Roller RM 8.00
Miscellaneous RM 10.00

Total RM 95.58
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CHAPTERSS
CONCLUSION & RECOMMENDATION

The project has shown that it is possible to monitor the content of LPG by

using weight, other than pressure. The experiment conducted has shown that, spring

could be used in this approach. This approach is simple and less expensive, but at

the same time reliable and practical. A portable display that is able to display the

weight of LPG and alert user is also developed. Besides using buzzer, LEDs of

different colors are also used for this purpose.

Future recommendations for this project are to:

1.

A

Include gas leakage detection

Use Bluetooth for wireless transmission instead of Radio Frequency

Carry out statistical analysis for reliability of the experimental results

Use load cell for a more accurate weight reading

Build an energy saving circuit so that the portable display can last long when

it is switched on.
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APPENDIX A
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Selection of roject Topic

2 |Preliminary Research Work

3 |Submission of Preliminary Report

4 {Laboratory work

Design Monitoring device
Research on suitable sensor
Design sensor circuit

5 |Submission of Progress Report

6 _1Seminar 1 (compulsory)

7 |Submission Draft Report

8 |Submission of Interim Report Final Draft

9 |Oral Presentation

[ ¢ | Suggested milestone
! Process
Hari Raya Holidays
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Project work continue

Programming

2 |Submission of Progress Report 1

3 [Laboratory work

RF Transmitter and RF Receiver ¢circuit
Troubieshooting
Build GMD prototype

4 |Submission of Progress Report 2

5 |Seminar 1

6 {Poster exhibition

7 |Seminar 2

7 |Submission of Dissertation (soft bound)

8 |Oral Presentation

9 |Submission of Project Dissertation (Hard Bound)
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Experiment 1

Total spring '3
Maximum load : 70kg
Apparatus : Load (1-75kg), Digimatic caliper
Table 4.2 — Result of Experiment 1
Defle ction, D (i) Defonn atich, 3 (m) .
ey | [Seg | Swne | Smne | ke | SmEe | SR | gy
1 2 3 1 y 3
75.00 | 73595 | s000 | s0.00: | s000 | 10064 | 10074 | 100.73 | 100.70
7400 | 72594 | 5000 | 5000 | 3000 | 100.64 | 100.74 | 100.73 | 100.70
7300 | 71613 ] 5000 | s0.00 [ s000 [ 10064 | 10074 | 10073 | 100.70
7200 | 70632 | s0.00 | s000 | s000 | 10064 | 10074 | 10073 | 100.7¢
7000 { 69651 | s0000: | so00- | so.o0 | 100.64 | 1oo7s | 10073 | 100.70
70000 | e86.70 | 3000 | so0.00 | s0.00 | o064 | 10094 | 10073 | 100.70
3100 [ 30402 | 10742 | 10100 | we77 | 4323 | 4973 | 4396 | 4564
3000 | 29430 | 10811 | 102,13 | 10832 | 4253 | 4861 | 4241 | 44.52
2000 | 234.49 [ 10001 | 10390 | 10990 | 41.53 | 4684 | 4083 | 43.07
2800 o 27458 | 11086 | 10548 | 11041 | 3978 | 4526 | 4032 | 4179
arop | 26487 | 11189 | 10646 | 11450 | 3875 | 4425 | 3623 | 39.75
2600 - 255.06 | 113.54 [ 108.66 | 11264 { 3700 [ 4208 | 3208 [ 3900
2500 | 24525 | 11440 ['110004 ) 11481 | 3624 | 4070 | 3592 | 3742
2400 | 23544 | 11607 | 11211 | 11606 | 34.57 | 3863 | 34.47 | 3596
2300 | 22563 | 11732 ] 11322 | 11784 | 3332 | 37.52 | 3280 | 34.58
2200 | 21582 | 11902 [ 11512 | 11884 | 3162 | 3562 | 3180 | 33.04
2100 | 20601 | 12062 | 11675 | 11980 | 3002 | 3399 | 3084 | 3162
2000 | 19620 | 122.81 | 11776 | 12119 | 27.83 | 3298 | 2054 | 30.12
1900 | 18639 | 12336 [ 11949 | 12292 | 2738 | 3125 | 28.01 | 2885
1800 | 176.58 | 12516 [ 12094 | 12383 | 2548 | 2080 | 2600 | 2730
17.00 | 16677 | 12683 [ 12297 [ 12542 | 2381 [ are?r | 2531 | 2570
16.00 | 15696 | 12737 | 12426 | 12647 | 2337 | 2643 | 24326 | 24.70
1500 | 14715 | 12883 | 12678 | 12744 | 2181 | 2396 | 2320 | 23.0
1400 | 13734 | 130.12 [ 12899 | 12023 | 2052 | 2175 | 2150 | 2126
13.00 | 12753 | 131.56 [ 13045 | 13088 | 1908 { 2020 | 19585 | 1974
1200 | 11772 [ 13304 [ 13298 | 13300 | 1760 | 1776 | 1772 | 1768
11.00 | lo791 | 13476 | 13489 | 13422 | 1582 | 1585 | 1551 | 16.08
1000 | 9810 ) 13612 | 13643 | 13632 | 14.52 | 1431 | 1441 | 1441
o0 | 8829 | 13765 | 13786 | 13771 | 1290 | lase | 1302 | 1296 |
goo | 7848 | 13921 13945 | 13044 ] 1143 | 1120 | 1120 | 1134
00 | 6867 | 140.54 | 140.65 140.55 10.10 |° 1009 10.08 16.09
600 | sg86 | 14195 | 14205 | 142.12 | 858 8.69 $.61 .66
500 | 45.05 [ 14322 | 14345 | 14332 | 7.42 728 | 741 737
400 | 3904 | 14465 | 14480 | 14477 | 589 5.85 5.96 5.93
300 | 2043 [ 14589 | 14594 [ 4578 [ 475 | 4.30 4,95 483
2,00 1962 | 14723 | 14733 | 14734 | 341 341 3.30 3.40
100 -} 981 | 14868 | 14864 | 14877 | 196 |- 2.10 1.96 2.01
0.00 0.00 |.150.64 § 15074 | 150.73 | 0.00 0.00 0.00 0.00

Deformation, X = Free length of spring - spring deflected

Average Deformation, Xy = (X; X + X3 7 Xy) /1 4
Constant, K=AF/AX
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Experiment 2

Total spring 14

Maximum load 123 kg

Apparatus : Load (1-25kg), Digimatic caliper

Table 4.3 — Result of Experiment 2
Load | - Defle_ction‘, D(@m) _ ' _ Defnrr_'nation,?(:.(mm‘) _ Keusi
(kg) N Sping | Spring | Spring | Spring | Spring | Spring | Spiing | Spring | opp
1 2 3 4 1 -2 3 4 _

2500 ;| 24525 | so00 | so00 | 3000 | s000° | 13568 | 13530 | 13568 | 13532 | 13550
2400 | 23344 | s;000 | soo00 | s000 | s000 | 13568 | 13530 | 13568 | 13532 | 135.50
2300 | 22563 | s000 | 5000 | s000 | s0m00 | 13568 | 13530 | 13568 | 13532 | 135.30
2200 | 21582 | s601 | 561t [ 5614 | 3608 }1ze67 | 129019 | 12054 | 12924 | 12041
200 | we0i | 6204 | #2135 | 206 | 6203 § 12364 | 12317 | 12362 | 12329 | 123.43
000 | 19620 | 6813 | 6834 | e324 | 6319 {11755 | 11696 | 11744 | 11713 | 117.27
1900 | 18639 | 7423 | 7434 | 7441 | 7435 P 11145 | 11096 | 111.27 | 11097 | 111.18
1200 | 17658 | %082 | 8093 | 8091 | 8084 | 0480 | 10437 | 10477 | 10442 | 10461
1700 F 16677 | 3704 | 8713 | 8733 [ 8715 | o844 | 9817 | 9845 | og17 | 9836
1600 | 15696 | 9312 | 9332 | 9322 | 9314 | 9256 | o198 | 9245 | 9218 |-9230
1500 | 14705 | 9923 | 9933 | 9943 | 9921 | 2645 | o597 | 8825 | 8611 | se20
1400 '} 13734 | 10576 | 10438 | 10443 | 10423 | 7992 | 8092 | 8120 | 8104 | 8077
1300 | 12753 | 1143 04z fuo7s | 10227 7425 | 7sas | 7493 | 7510 | 7487
1200 | nzgz | 1u7ras | 1e7e | 1605 | 11eas | seas | sest | ese3 | sge7 | 6334
1100 | w79t | 12317 [1z2t.64 12133 | 12150 | 6251 | 6366 | 6435 | 6373 | 63.56
1000, | 9810 12751 | 12730 | 12725 | 12752 | 5817 | 5820 | 5343 | 5720 | 38313
9.00 2329 13316 | 13340 | 13307 ) 13363 | 5252 | 5190 | 3261 | 5169 | 5218
2.00 78.48 13959 | 138.26 | 13931 | 13895 | 4609 | 04 | 4637 | 4637 | 4647
7.00 | 6867 14440 | 14487 | 14382 | 14416 | 4128 | 4043 | 4136 | 4116 § 4118
6.00 5826 15121 | 150,48 | 15025 | 13021 | 3447 | 3482 | 3543 | 3511 § 3436
500 | . 4905 156:16 | 15630 | 156.03 | 156.03 | 2052 | 2000 | 2965 | 20290 § 2037
400 | 3924 | 16216 | 36220 16234 | 16222 | ;3352 | 2310 | 2334 | 2310 | 2327
3.00 2943 16795 | 16843 | 16794 | 16838 | 1773 |- 1687 | 1774 | 1694 | 1732
2.00 1962 173.78 { 173.85 | 17334 | 173.99 | 1190 | 1145 | 1234 | 1133 | 1176
“1.00 0.8 120.47 118005 | 17040 | 179.42 | 331 525 628 5.0 5.66
0.00 0.60 12568 { 18530 | 18568 [ 18532 | 000 0.00 0.00 0.00 0.00

Deformation, X = Free length of spring - spring deflected
Average Deformation, Xequi = (X, +X; + X; + X,)/ 4
Constant, K=AF/AX
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’////////////////////////////////////////////////////
: HAZERINA BINTI JAFFAR //

/ ID : 5727 //
/ PROJECT TITLE : DOMESTIC GAS MONITORING DEVICE //
/ SUPERVISOR : DR AFZA BINTI SHAFIE

//
LTI 778078777777 777777707777777777777777
/C PROGRAM FOR PART 1
include <16F877.h>
levice ADC=8
Fuses XT, NOWDT, NOPROTECT, NOPUT, NOBROWNQOUT, NOLVP

1se delay(clock = 4000000)
include <LCD.C>

yid main()

set_tris_d{Qx00); //output port to encoder
setup_adc_ports(ALL_ANALOG); //input port for variable resistor
setup_adc(ADC_ CLOCK_INTERNAL),

while(1)

int8 kg;
set adc channe](O),

delay_ms(50):
kg = read_adc();

delay_ms(100);
output_d(kg); //all on

}
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////////////////////////////////////////////////////

NAME : HAZERINA BINTI JAFFAR //
" ID 1 5727 !/
" PROJECT TITLE : DOMESTIC GAS MONITORING DEVICE //
" SUPERVISOR : DR AFZA BINTI SHAFIE

//
SIIIIIIFI LI 7777777777777 777777777777777/777
‘C PROGRAM FOR PART 2

nclude <16F377A.h>

‘uses XT, NOWDT, NOPROTECT, NOPUT, NOBROWNOUT, NOLVP
iIse delay(clock = 4000000)

nclude <LCD.C>

vid main()

set_tris_d(0x00); //output port for lcd
Ted_init(;

sat_tris_c(0OxFF);

set_tris_b(0x00);

while(l)
{

float mvpb;

float result;

float result?;

int8 kg;

mvpb=30.5/255.0;

delay_ms(100);

Ted_gotoxy(1,1);

kg = input_c(Q);

result = kg*mvpb-16.5;

result? = 1.095%*result + 2.9992;

}f ((result2 >= 5) && (result2 <=14.5 ))

qr1ntf(1cd putc,"weight: %5.2f kg \n",result2};
CA_putc (™ ****TANK : OK*#iixit);
output_Tow(PIN_B6);
output_ 10w(PIN B7);
output_high(PIN_B5);

}
%1se if ( (result2 »>= 3) && (result2 < 5) )

€r1ntf(1cd _putc,"weight: %5.2f kg \n",result2);

cd putc("*****TANK DLOwEEREETY
output_Tow(PIN_BS5);

output_Tow(PIN_B7);

output_high(PIN_BG);

}
%15e if ( (result? »= 1) && (result2 < 3) )

?rintf(1cd_putc,"Weight: %5.2f kg \n",result2);
cd_putc("**TANK : VERY LOW**%*"};
output_low(PIN_B5);
output_Tow(PIN_B7);
Page 1



RXJADIZ
output_high(PIN_B6);
delay_ms (100} ;
output_low(PIN_B6);

}
?1se if ( (result2 >=0 ) && (result2 < 1) )

qrintf(1cd_putc,"Weight: %5.2Ff kg \n",result2);
cd_putc("**TANK: REPLACE NOW*");
output_Tow(PIN_B5);
output_Tow(PIN_B6);

output_high(PIN_B7);

?]se
?rintf(1cd_putc,"We1ght: 0.0 kg \n");
cd_putc("LPG INSIDE TANK:NONE™");
output_high(PIN_B5);
output_high(PIN_B7);
output_high(PIN_B6);
delay_ms(100):
output_Tow(PIN_B5);
output_low(PIN_B7);
output_low(PIN_B6);
delay_ms (100);
}
delay_ms (1000);
}
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MICROCHIP

PIC16F87X

28/40-Pin 8-Bit CMOS FLASH Microcontrollers

Devices Included in this Data Sheet:

+ PIC18F873 » PIC16F876
» PIC16F874 + PIC16F877

Microcontroller Core Features:

+ High performance RISC CPU
* Only 35 single word instructions to leamn

+ All single cycle instructions except 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 FLASH Program Memory,
Up to 368 x 8 hytes of Data Memory (RAM)
Up to 256 x 8 hytes of EEPROM Data Memory

+ Pinout compatible to the PIC16C73B/74B/76/77
» Interrupt capability (up to 14 sources)
= Eight level deep hardware stack
= Direct, indirect and relative addressing modes
= Power-on Reset (POR)
* Power-up Timer (PWRT) and
Oscillator Start-up Timer {OST)

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

= Programmable code protection

+ Power saving SLEEP mode

« Selectable oscillator options

» Low power, high speed CMOS FLASH/EEPROM
technology

*» Fully static design

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

« Single 5V In-Circuit Serial Programming capability

+ In-Circuit Debugging via two pins

* Processor readfwrite access to program memory

+ Wide operating voltage range: 2.0V to 5.5V

+ High Sink/Source Current: 25 mA

« Commercial, Industrial and Extended temperature
ranges

+ Low-power consumption:
- < 0.6 mA typical @ 3V, 4 MHz
- 20 pA typical @ 3V, 32 kHz
- <1 pA typical standby current

Pin Diagram

PDIP
MCLR/vPP —[] 4 \/ 40 []=—= RB7AGD
RAD/AND w—a[] 2 39 [ ] w—a RBEFPGC
RA1/ANT «—=-[] 3 38 {] +— RB5
RAZIAN2VREF- w—w[] 4 37 [ -——» RB4
RA3/AN3AREF+ -—w[15 36 [} =—= RBIPGM
RA4TOCK! w—w-[] 6 35 [] 4~ RB2
RAS/AN4/SS =[] 7 - 34 [] w—» RB1
REOMD/ANS —-w[] 8 b 33 []~=—s RBOANT
RE1ANR/ANE <—=[] 5 L e v
RE2CSANT —=[]10  Jo 31 [0e—vss
Voo — - [ 11 £  s0[J-=— rOTPSPT
vas — [ 12 @  28[]-e—» RDGPSPE
OSC/CLKIN —-[] 12 5 28 []«—» RDEPSPS
OSCCLKOUT w—»0 14 E 7 [] +— RD4/PSP4
RCOMIDSOMICK! —w-[1 15 25 []=+—= RCHRXDT
RCT1OBHCCPZ w—a-[] 16 25 [ -w—m RCBITXICK
RC2/CCP1 wtrte [ 17 24 [] s~ RC5SDC
RC3SCKISCL w—-{] 18 23 [J=—» RC4/SDI/SDA
RDO/PSP0 a—a-[] 10 22 [ 4—» RO3PSP3
RD1/PSP1 <—[7 20 24 [] «—» RDZPSP2

Peripheral Features:

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

= Timer1: 16-bit timer/counter with prescaler,
can be incremented during SLEEP via external
crystaliclack

« Timer2: 8-bif timer/counter with 8-hit period
register, prescaler and postscaler

« Two Capture, Compare, PWM modules
- Capture is 16-bit, max. resolution is 12.5 ns
- Compare is 16-bit, max. resolution is 200 ns
- PWM max. reselution is 10-bit

+ 10-bit multi-channel Analog-to-Digital converter

* Synchronous Serial Port (SSP) with SPI™ (Master
mode) and 12C™ (Master/Slave)

« Universal Synchronous Asynchronous Receiver
Transmitter (USART/SCI) with 9-bit address
detection

= Parallel Slave Port (PSP} 8-bits wide, with
external RD, WR and CS controls (40/44-pin only)

« Brown-out detection circuitry for
Brown-out Reset (BOR)

® 2001 Microchip Technology Inc.
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PIC16F87X

Pin Diagrams
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PIC16F87X

Key Features

PICmicro™ Mid-Range Reference PIC16F873 PIC16F874 PIC16F876 PIC16F877
Manual (DS33023)
Operating Frequency DC - 20 MHz DC - 20 MHz DC - 20 MHz DC - 20 MHz
RESETS (and Delays) POR, BOR POR, BOR POR, BOR POR, BOR
(PWRT, OST) {(PWRT, OST) (PWRT, OST) {PWRT, OST)
FLAS'('; pogram d“g)emw 4K 4K 8K 8K
Data Memory (bytes) 192 192 368 368
EEPROM Data Memory 128 128 256 256
Interrupts 13 14 13 14
11O Ports Ports A,B,C Ports A,B,C,D,E Parts A,B,C Ports A,B,C,.D,E
Timers 3 3 3 3
Capture/Compare/PWM Modules 2 2 2 2
Serial Communications MSSP, USART | MSSP, USART | MSSP USART | MSSP, USART
Parallel Communications — PSP — PSP

10-bit Analog-to-Digital Module

5 input channels

8 input channeis

5 input channels

8 input channels

Instruction Set

35 instructions

35 instructions

35 instructions

35 instructions

® 2001 Microchip Technology Inc.
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PIC16F87X

1.0 DEVICE OVERVIEW

This document contains device specific information,
Additional information may be found in the PICmicro™
Mid-Range Reference Manual (DS33023), which may
he obtained from your local Microchip Sales Represen-
tative or downloaded from the Microchip website. 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
architecture and operation of the peripheral modules.

There are four devices (PIC16FB73, PIC16F874,
PIC16F876 and PIC16F877) covered by this data
sheet. The PIC16F876/873 devices come in 28-pin
packages and the PIC16FB877/874 devices come in
40-pin packages. The Parallel Slave Port is net
implemented on the 28-pin devices.

The following device block diagrams are sorted by pin
number; 28-pin for Figure 1-1 and 40-pin for Figure 1-2.
The 28-pin and 40-pin pinouts are listed in Table 1-1
and Table 1-2, respectively.

FIGURE 1-1: PIC16F873 AND PIC16F876 BLOCK DIAGRAM
. Program Data
Device Data Memo
FLASH | DataMemory | erogom
PIC16F873 4K 192 Bytes 128 Bytes
PIC16F876 8K 368 Bytes 256 Bytes
13 Data Bus 8 PORTA
<= Program Counter 7 RAO/AND
FLASH RAT/AN1
Program RAM ) RAZ{AN2/VREF-
Memory i q—= [ RA3/ANI/VREF+
8 L‘?]V;'b?ack F."‘;‘ »% RA4TOCK
(13-bity Registers RAS/ANASS
Program y
Bus 14 RAM Addri1} PORTB
RBYINT
Instruction reg RB1
" RB2
|[ Direct Addr 7 Indirect § RB3/PGM
7 RB4
RB5
RB&S/PGC
RB7/PGD
8
7 PORTC
3/ RCOMIOSOMICKI
Power-up 1 MUX RCA/TA0SIICCP2
Vi Timer " a—sX] RC2ICGP
i Oscillator [ RC3I/SCKISCL
Instruation Start-Up Timer }fu/ 7 4+ RC4/SDIISDA
Conirol Power-on - RC5/SDO
Reset 8 [og--md RCEITAICK
- M—=1X] RC7TRXDT
Timin Watchdo
E@ Generatgilcn <> Timer 9 Wreg
OSCI/CLKIN Brown-out
OSC2/CLKOUT Reset
In-Circuit
Debugger
Low Voltage
Programming
MCLR VDD, Vss
TimerD Timer1 Timer2 10-bit A/D
Synchronous
Data EEPROM CCP1,2 Serial Port USART
Note 1: Higher order bits are from the STATUS register.

® 2001 Microchip Technology Inc.
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PIC16F87X

FIGURE 1-2: PIC16F874 AND PIC16F877 BLOCK DIAGRAM
. Program Data
Device Data Memo
FLASH Y| EEPROM
PIC16F874 4K 192 Bytes 128 Bytes
PIC16F877 8K 368 Bytes 256 Bytes
3 5 o~ DataBus 8 PORTA
FLASH @ 7 4] RATAND
p = RA1/AN1
g || A R
8 Leve! Stack File M Pt RA3IAN3REF+
(13-bit) Registers - RA4TOCK)
| RAB/ANAISS
Pragram
B PORTB
X! RBOINT
Instruction reg RB1
L RB2
“ Direct Addr 7 RB3/PCM
F RB4
RBS
RBE/PGC
RB7/PGD
8
/" PORTC
et RCOM1CSOM1CKI
Power-up - RCUT108SIICCP2
¥ Timer = RC2/CCP1
Instruction Oscillator ] ROSISCKISCL
Decode & KF=>A | Start-up Timer b RCA4/SDI/SDA
Cenirel i RCS/SDO
F‘%WEF-?” = RCE/TXICK
— waese 4 RC7/RX/DT
iming tehdo
X1 Generation [ Timer ¢ PORTD
OSC1/CLKIN Brown-out o RDO/PSFO
QSCACLKSUT Raset b RDA/PSPY
In-Circuit e RD2/PSP2
Debugger SN = RD3/PSP3
Low-Voltage ke . RD4/PSP4
Programming Parallel Slave Port K n RDS/PSPS
= RD&/PSPE
[ RD7/IPSP?
PORTE
MCLR VoD, Vss »[X] REOG/ANS/RD
] —=DC RE1/ANGAWR
=] REZAN7CS
Timer0 Timer Timer2 10-bit AID
Synchronous
Data EEPROM CcCP1,2 Serial Part USART
Note 1: Higher order bits are from the STATUS register.
D830292C-page 6 ® 2001 Microchip Technology Inc.



PIC16F87X

TABLE 1-1:

PIC16F873 AND PIC16F876 PINOUT DESCRIPTION

Pin Name DIP S0IC Io/P Buffer Descriotion
Pin# Pin# Type Type P
OSCA/CLKIN 9 9 I STICMOS®! | Oscillator crystal input/external clock source input.
O8C2/CLKOUT 10 10 o] — Osclllator erystal output. Connects to crystal or resonator in
crystal oscillator mode. In RC mode, the OSC2 pin outputs
CLKOUT which has 1/4 the frequency of OSC1, and denotes
the instruction cycle rate.
MCLR/NPP 1 1 P ST Master Clear (Reset) input or programming volfage input. This
pinis an active low RESET to the device.
PORTA is & bi-directional |/Q port.
RAQ/AND 2 2 l{e} TTL RAQ can also be analog input0.
RA1/AN1 3 3 l{e} TTL RA1 can also be analog input1.
RA2/AN2/NVREF- 4 4 l[e} TTL RAZ2 can also be analog input2 or negative analoy
reference voltage.
RA3/AN3NREF+ 5 5 11O TTL RA3 can aiso be analog input3 or positive analog
reference voltage.
RA4/TOCKI 6 3] o] 8T RA4 can also be the cleck input to the Timer0
module. Qutput is open drain fype.
RAS5/SS/AN4 7 7 110 TTL RAS can also be analog inputd or the slave select
for the synchronous serial port.
PORTB is a bi-directional /O port. PORTB can be software
programmed for internal weak pull-up on all inputs.
RBO/INT 21 21 1o TSt RBO can also be the external interrupt pin.
RB1 22 22 10 TTL
RB2 23 23 HO TTL
RB3/PGM 24 24 11O TTL RB3 can also be the low voltage programming input.
RB4 25 25 fle] TTL Interrupt-on-change pin.
RBS 26 26 fle’ TTL Interrupt-cn-change pin.
RB&/PGC 27 27 1o TTLST2 Interrupt-on-change pin or In-Circuit Debugger pin. Serial
programming clock.
RB7/PGD 28 28 110 TTL/STIZ Interrupt-on-change pin or In-Circuit Debugger pin. Serial
pregramming data.
PORTC is a bi-directional /O port.
RCOT10SOM1CKI 11 1" o ST RCO can also be the Timer1 oscillater oufput or Timer1
clock input.
RC1/T10SI/CCP2 12 12 11O ST RC1 can also be the Timer1 oscillator input or Capture2
input/Compare2 output/PWM2 output.
RC2/CCP1 13 13 110 ST RC2 can also be the Capture input/‘Compare1 output/
PWM1 output.
RC3/SCK/SCL 14 14 1o ST RC3 can also be the synchronous serial clock inputfoutput
for both SPI and 1°C modes.
RC4/SDI/SDA 15 15 le} ST RCA4 can also be the SPI Data In (SP| mode) or
data /O (I°C mode).
RC5/8DO 16 16 I{e] ST RC5 can also be the SPI Data Out {SPI mode).
RCBTX/CK 17 17 I{®] ST RC& can also be the USART Asynchronous Transmit or
Synchronous Clogk.
RCT/RX/DT 18 18 le] 8T RC7 ¢an also be the USART Asynchronous Receive or
Synchronous Data.
Vss 8 19 8,198 P —_ Ground reference for logic and /0 pins.
VDD 20 20 P — Positive supply for logic and I/O pins.
Legend: | =input O = output /O = input/output P = power
— = Nof used TTL=TTLinput ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt,
2: This buffer is a Schimitt Trigger input when used in Serial Programming mode.
3: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise,

© 2001 Microchip Technology Inc.
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PIC16F87X

TABLE 1-2: PIC16F874 AND PIC16F377 PINOUT DESCRIPTION
Pin Name DIP | PLCC | QFP | IfOP Buffer Descriotion
Pin# | Pin# | Pin# | Type Type P
OSC1/CLKIN 13 14 30 I | sTICMOSH} | Oscillator crystal input/external clock source input.
O8C2/CLKOUT 14 15 31 O - Qscillator crystal output. Connects to crystal or resonator
in crystal oscillator mede. In RC mode, OSC2 pin outputs
CLKOUT which has 1/4 the frequency of OSCA1, and
denotes the insfruction cycle rate.
MCLRA/PP 1 2 18 I/P ST Master Clear (Reset) input or programming voltage input.
This pin is an active low RESET to the device.
PORTA is a bi-directionai 1O port.
RAQ/ANO 2 3 19 lle} TTL RAQ can also be analog inputQ.
RA1/AN1 3 4 20 Ie} TTL RA1 can also be analog input1.
RA2/AN2AREF- 4 5 21 /o TTL RAZ can also be analog input2 or negative
analog reference voltage.
RA3/AN3NVREF+ 5 6 22 1o TTL RA3Z can also be analog input3 or positive
analog reference voltage.
RA4/TOCKI 6 7 23 11 3T RA4 can alse be the clock input to the Timer0 timer/
counter. Qutput is open drain type.
RAS/SS/AN4 7 8 24 1o TTL RAS can also be analog input4 or the slave select for
the synchronous serial port.
PORTB is a bi-directional /O port. PORTB can be soft-
ware programmed for internal weak pull-up on all inputs.
RBO/INT 33 36 8 1o LT RBO can also be the external interrupt pin.
RB1 34 37 9 1o TTL
RB2 35 38 10 le’ TTL
RB3/PGM 36 39 11 lie} TTL RB3 can also be the low voitage programming input.
RB4 37 41 14 l{e] TTL Interrupt-on-change pin.
RB5 38 42 15 l{e] TTL Interrupt-on-change pin.
RBE/PGC 39 43 16 1o TTLST Interrupt-on-change pin or In-Circuit Debugger pin.
Setial programming clock.
RB7/PGD 40 44 17 lle} TTLSTE Interrupt-on-change pin or In-Circuit Debugger pin.
Serial programming data.
Legend: |=input O = output 1/0 = inputfoutput P = power
— = Nof used TTL=TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured as an external inferrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3: This buffer is a Schmitt Trigger input when configured as general purpose /0 and a TTL input when used in the Parallel
Slave Port mode (for interfacing to a microprocessor bus).
4: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise,

DS30292C-page 8

@ 2001 Microchip Technology Inc.




PIC16F87X

TABLE 1-2: PIC16F874 AND PIC16F877 PINOUT DESCRIPTION (CONTINUED)
. DIP | PLCC | QFP | /O/P Buffer o
Pin Name Pin# | Ping Pin# | Type Type Description
PORTC is a bi-directional I/ port.
RCOMIQSOTTCKI | 15 16 32 1o 3T RCO can also be the Timer1 oscillator output ora
Timer1 clock input.
RC1/T10S8I/CCP2 16 18 35 le} ST RC1 can also be the Timer1 oscillator input or
Capture2 input/Compare2 output/PWM2 oufput.
RC2/CCP1 17 19 110 ST RC2 can also be the Capture1 input/Compare1
output/PWM1 output.
RC3/8CK/BCL 18 20 37 1o 8T RC3 can also be the synchronous serial clock input/
output for both SPI and 12C modes.
RC4/SDI/SDA 23 25 42 I} ST RC4 can also be the SPI Data In {(SP)] mode) or
data /O (I°C mede).
RC5/SDO 24 25 43 1o ST RCS5 can also be the SPI Data Out (SPI mode).
RCB/TX/CK 25 27 44 11O 8T RC6 can alsc be the USART Asynchronous Transmit
or Synchronous Clock,
RC7/RX/DT 26 29 1 110 ST RC7 can also be the USART Asynchronous Receive
or Synchronous Data.
PORTD is a bi-directional I/O port or parallel slave port
when interfacing to a microprocessor bus.
"| RDO/PSPO 19 21 38 1o ST/TTL
RD1/PSP1 20 2 39 o | sTATL®
RD2/PSP2 21 23 40 Ko STATLE
RDI/PSP3 2 24 41 10 STTTLS®
RDA/PSP4 27 30 2 110 sTATLA
RDS/PSP5 2 | 3 3 o | sTTL®
RD6/PSPE 29 32 4 e} STTTLE)
RD7/PSP7 20 33 5 o | sTATL®
PORTE is a bi-directional I/C port.
REQO/RD/ANS 8 g 25 e} STATLE) REO can also be read control for the parallel slave
port, or analog input5.
RE1/WWR/ANS 9 10 26 lio STTTLE RE1 can also be write control for the parallel slave
pott, or analog inputb.
RE2/CS/AN7 10 1 27 fle} sTATLE RE2 can also be select contral for the parallel slave
port, ot analog input?.
Vss 12,31 13,34 6,29 P — Ground reference for logic and IO pins.
Voo 1,32 | 12,35 7,28 P —_ Positive supply for logic and I/Q pins.
NC — | 1,17,28, | 12,13, — These pins are not intemally connected. These pins
40 33,34 should be [eft unconnected.
Legend: |1=input O = output /O = inpuit/output P = power
— = Not used TTL=TTL input 8T = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured as an external interrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3: This buffer is a Schmitt Trigger input when configured as general purpose IO and a TTL input when used in the Parallel
Slave Port mode (for interfacing fo a microprocessor bus).
4: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.

@ 2001 Microchip Technology inc.
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1 B I = Jg A

13.7mm
1234

WILICh ~2INICIEE BT GCEREOIENILLET
18, 2

: GND

Data In

Vee

Antenna { RF output )

pin 1
pin2:
pin3:
pind:

il

2. 5-|m

Frequency 315, 418 and 433.92 Mhz

Modutation ; ASK
Operation Voltage : 2-12VDGC

Symbol Parameter Conditions Min Typ Max Unit
Voo |Operating supply voltage 2.0 - 12.0 v
Iee 1 [Peak Current (2V) - - 1.64 mA
Iec 2 |Peak Current (12V) - - 19.4 mA

Vh Input High Voltage Idata= 100uA (High) [Vece-0.51 Vee |Vest0.5 v
vl Input Low Voltage Idata= 0 uA (Low) - - 0.3 v
FO Absolute Frequency 315Mhz module 314.8 315 3152 | MH=z
PO RE Qutput Power- 50ohm Voo = 9V-12V - 16 - dBm
Vee =5V-6V - 14 - dBm
DR [DataRate External Encoding 512 4.8K 200K bps

Notes : ( Case Temperature = 25°C +- 2°C |, Test Load Impedance = 50 ochm )

Application Circuit :
Typical Key-chain Transmitter using HT12E-18DIP, a Binary 12 bit Encoder from
Holtek Semiconductor Inc.

Vdd Vdd 2
Ny I ;
—— A0 vdd Lz 4
1 A1 Dout ~_ITLP434A
] Code Input RF output
A2 oscl P p

L~ A7 osc2 ﬂHUSC J_ p
|~ a4 TER== =
|~ a5 ADTT
L~ | a5 AD10—" &408,9,10& 11
L~ a7 ADI}—- D ata bit or Address bit

ADg—"

I gl¥s 10 1 A0-a7
HT12E B Address bit

Laipac Technology, Inc.
105 West Beaver Creek Rd, Unit 207 Richmond Hill Ontario L4B 1C6 Canada
Tel: (905)762-1228 Fax: (905)763-1737 e-mail: info(@laipac.com

LAIPAC

TECH

NkFFaJM8MA DMATY BAa>CU ROCCIVET

42._42mm

pin 1

oy

1231

11.5em

l¢—>|
14—

E 6 7 &

2! 72mm

=T

—=—TM

pn2:
pin3:
pind:
pin$:
piné:
pin7:
ping:

: Gnd

Digital Data Output
Linear Qutput /Test
Vee

Vco

Gnd

Gnd

Antenna

Modulation : ASK

Frequency 315, 418 and 433.92 Mhz supply voltage : 3.3-6.0VDC

Output : Digital & Linear

Symbol Parameter Conditions Min Typ Max
Voo  |Operating supply voltage 33 5.0V 6.0 v
Itot |Operating Current - 4.5 mA,
Vdata Data Out Idata =+200 uA (High ) | Vce-0.5 - Voo v
Idata =-10 uA (Low ) - - 0.3 v
Electrical Characteristics
Characteristics SYM Min | Typ Max Unit
Operation Radic Frequency FC 315, 418 and 433.92 MHz
Sensitivity Pref -110 dBm
Channel Width +-500 Khz
Noise Equivalent BW 4 Khz
Recetver Tum On Tims 5 ms
Cperation Temperature Top -20 - 80 C
Basecboard Data Rate 48 KiHz
Application Cireuit :

Typical RF Receiver using HT12D-18DIP, a Binary 12 bit Decoder with 8 bit uC HT48RXX from

Holtek Semiconductor Inc.

1 18 Weld
o Ja0 vdd t Svbe
Al VT
|-~ a2 oscl 1
-~ A3 osc2 Bosc __17 GND ANT
|~ a4 CIN = 3 Digital Qut GMHD
l—~— A5 D11 %4 Limear Out  GHND
-~ a6 D10 _L Voo Yee
—~— A7 D3
Vss DB - 10uF  RLP434A
—n H Pagvad) T
Fb2 o5c1 tal
PR3 osc2|— 4
PB4 Wss Piezo Alatm
Voice/Speaker = IpPpR PAQ ~ O mi
$eria| Interface = PBE PAt [—— Relay =
Light Control —=—— PB7 PA2 -
8 bit uC Flash
. LED
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CiP-8

8-Bit Remole Control EncoderDecoder IC's

Description
The CIP-8 series 8-bit enhcoder/decoder

IC's offer an easy to use, low-cost solution
for simple remote control applications in a
convenient industry standard 20-pin PDIP
package.

Encoder Operation

On power-up the encoder enters low
power sfeep mode. When the transmit
enable pin is pulied to ground, the encoder
will wake up and begin the transmit
Process.

First, the encoder will record the state of
the 8-bit address/data lines, encode for
error correction and assemble the packet.

It will then sample the AO/BAUD pin to fix
the data rate, and then output the address
and encoded data packet on DOUT.

The encode/transmit process will continue
for as long as the /TE pin is low, and return
to low power sleep mode when /TE returns
high.

[t will update the state of the address and
data lines with each packet and finish the
current transmission even after the /TE pin
is released from ground.

Encoded Data Packet
Each data packet consists of saven bytes
of information to be transmitted.

The preamble

The synchronization byte
The 1% address byte

The 1% data byte

The 2™ address byte

The 2™ data byte

The addreas/data checksum

ooo0ooo0odQ

A 10mS guard time is inserted between
each encoded packet transmission to allow
the decoder time to receive, decode, verify,
and process each packet. The encodet
returns to low power sleep mode for power
conservation immadiately once /TE returns
to logic 1, and the packet transmission is
complete.

Features

Latched or momentary outputs
No programming necessary

Very easy to use

Very low component count

Low current consumption

Up to 25mA per decoder output
Eight bit data (DO to D7)

Eight bit binary address (0 to 255)
Selectable baud rates (2400/4800)
Migh noise immunity

Standard 20-pin PDIP package

0o Ccoco0coU0po

Applications

g Simple remote control

g Wire elimination

0 HRemote status monitoring
o Remote lighting control

Decoder Operation

The decoder enters a timed loop waiting
for the synchronization byte. An internal
16-bit timer is used to force an exit from
the recelve loop, and reset the output ping
{in momentary mode)} every 85.5mS if no
valid synch- byte is received during this
time pericd.

Once a valid synch byte is received, the
timer is disabled, and the remainder of the
data packet is received and stored for the
verification process.

Immediately after receiving a valid data
packet it begins the process of verifying
the data, and checking it for errors.

Once data has been vetrified, the decoded
data will be placed on the output pins, and
the decoder re-snters the timed loop
waiting for the next valid packet.

If the decoder is opserating in latch mode,
the last valid 8-hit binary data value
received wil remain on the decoder
outputs until a different valid binary data
packet is received,




Cib8
8-Bit Remole Control EncoderDecoder IC's

Pin Descriptions

Pins A0 to A7 on the CIP-8 encoder and
decoder [C's are used to set a unique
address relationship between the encoder
and decoder.

This helps prevent accidental activation of
decoder outputs, and allows a single encoder
the ability to control multiple decoders by
simply changing the encoder address to
match the decoder to control.

Ensure the address set on the encoder
matches the decoder you wish to control. A
single bit difference, and the decoder will not
respond.

A0/BAUD Pin

The AOQ/BAUD input serves two functions.
One is being the lsast significant bit of the 8-
bit encoder/decoder address. Twe is being
the data rate selection pin. With AQ/BAUD
connected to ground, the least significant bit
of the 8-bit binary address is 0, and the serial
data rate is 2400bps.

With this pin at Voo, the least significant
address bit is 1, and the serial data rate is
4800bps. This option allows support for low-
end RF modules that require the lower data
rates, while providing the faster data rate
option for higher end RF modules such as the
excellent Linx Technologies® LR series, and
others,

Encoder & Decoder Data Pins D0-D7

On the encoder, pins D0O-D7 are the data
input pins. The logic value present on these
inputs will be transferred to the corresponding
D0-D7 data output pins on the decoder when
/TE (transmit enable) pin on the encoder is
pulled to ground.

Encoder /TE Pin

/TE is the transmit enable pin. This pin will
cause the encoder to sample the address and
data pins, and transmit continuously while
held at ground. Returning /TE to Vcc through
the pull-up resistor as shown in the CIP-8
example  schemafics will end the
transmission, and place the encoder in low
power sleep mode.

Decoder Latch/Momentary Modes

The decoder L/M pin provides a mode
select to switch between momentary or
latched decoder operating modes.

Logic 1 = Latch Mode
Logic 0 = Momentary Mode

In momentary mode, the decoder outputs
that will maintain the 8-bit data value being
received for the duration of valid address
and data reception,

If any part of the verification process fails,
ar reception is interrupted for longer than
65.5mS, decoder will timeout, immediately
discard the packet, reset the timer, force all
decoder data outputs back to ground, and
re-enter the timed loop waiting for the next
packet.

When receiving a continuous stream of
valid data, the timer is disabled, and the
decoder will respond rapidly to changing
data values, and hold the received binary
pattern on the outputs.

Connect All Pins

All address, data, and function select pins
such as /TE, and /M pins must be
connected 1o either Vecc or ground as
required. Leaving any pins floating (not
connected) will cause erratic operation of
the encoder, decoder, or both.

Ensure that encoder data inputs DO-D7 are
at the required logic levels before the /TE
pin is pulled to ground.

When prototyping circuits on a breadboard,
it may be desirable to test logic levels on
all encoder/decoder pins with a logic probe
ot meter before operation.

VCC And Ground
VCC is the positive power supply. GND is
ground.

_.__Ordering Information”
Part # Description
CIP-8D 8-Bit Decoder IC
CIP-8E 8-Bit Encoder IC




CiP8
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Electrical Characteristics

Parameter Designation Min. Typ. Max. Units Noles
Supply Voltage Vee 3.0 -- 5.5 VvDC
Supply Current IbD
@ 3.0V VCC 500 TBD HA 1
@ 5.0V VCC 800 TBD HA 1
Sleep Current
@ 3.0V VCC 0.1 0.85 WA
@ 5.0vVvCee 02 095 HA
Input Low Voltage VIL GND == 0.2VCC ) 2
Input High Voltage VIH 0.8 VCC VCC \'i 3
Cutput Low Voltage YOL 0.6 Vi
Cutput High Veoltage VOH VCC-07 - - 1]
Notes

1. Current consumption with no active loads
2. For 3V supply, (0.2 x 3.0) = 0.6V max,
3. For 3V supply, {0.8 x 3.0) = 2.4V min.

Absolute Maximum Ratings

Ambient temperature underbias.............ccooco v TR UOTTURTRTTIT -40° to +125°C
Storage teMPEIaIUIE ... ettt e e -65°C to +150°C
Voltage on VDD With respectto VSS ... e -0.3Vto +6.5V
Voltage on MCLR with respectto Vs ... -0.3Vto +13.5V
Voltage on all other pins with respectto VSS ..., -0.3V to (VoD + 0.3V)
Total POWET dISSIPAtON ... .icuiiietiiee et et ts ettt e a1t ettt at et ee e nan 800 mwW

Maximurn current out of Vss pin
Maximum current into VDD pin ...
Input clamp current, IK (V1< 0 or VI > DD}
Qutput clamp current, Ick (Vo < 0 or Vo VDR)
Maximum output current sunk by any O pin.........ccocev it

Maximum output current sourced by any HO Pin ...
Maximurmn current sunk or sourced by all pins combined

Disclaimer

These devices are not infended for use in applications of a critical nature where safety, life, or property is at risk.
The user of this preduct assumes full liability for the use of this product in ali applications. Under no conditions will
Reynelds Eiecironics be responsible for losses arising from the use or failure of the device in any application, other
than the repair, replacement, or refund limited to the original product purchase price.

Technical support: Email: tech@rentron.cont
Sales: sales@rentron.com
Distributor inquiries: sales@rentron.com

Copyright ® 2006 Reynolds Electronics
12300 Highway AlA

\ero Beach, Fl. 32963

Phone: (772) 589-8510

Fax: (772) 589-8620

Web Site: http://www.rentron.com

The CIP-8 encoder/decoder IC's are available for purchase online at; http://www.rentron.com
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CIP-8E / CIP-8D 3-BIT ENCODER / DECODER EXAMPLES T,

THE SINGLE IC 8OLUTION FOR BOTH REMCTE CONTROL TRANSMITTE CEIVE o O
NOTE: ALL ADDRESS PINS MUST BE AT GROUND CR VCC i T R AND RE ® 2400 by
DO NOT ALLOW TG ELOAT 8-BITS ADDRESS / DATA WITH UP TO 25mA PER DECODER OUTPUT veo = e
e 4800 bps
0.1uF =

VCC=+3.0VTC+5.5VDC

. - = []
WITH < 20mV P-P NOISE / HASH FOR BEST RESULTS
- 2400 bps 1 VvCo GND 20

veo = —— ] Al ADJBAUD | p——-r-
O = 1 A2 DOUT [ | DOUT TORF TRANSMITTER
1 a3 /TE [ f—r—m—
. "/ DATA IN FROM RECEIVER DATA OUTPUT
1 Ve GND 20 4”_ (] aa m o7 [
———— } Al A0/BAUD [ ] A5 % 06
.«o——l LATCH MODE
g ———————F | A3 LiM vee
MOMENTARY MODE ] L] a7 pa [}
H—x g o < e -
t—— ] & & o -~
O —1 o D2
, as Ds e 10 1
8 x HIGH-CURRENT QUTPUTS w B S 8-BIT ENCODER CIRCUIT
&7 D4 B S o
5 =2
Do D3 E < _Oo
[
DI ™ m [H 2> B & — '
3
10 i1 @ B —0
[
X ) —
8-BIT DECODER CIRCUIT 430 e é o
veo £ @ ©
oo —
. . g — -
LOAD —0 Vo
3 LED 7 bt 5
=1 T Ny O :!l
T ¥
22K ; NPN = TRANSMIT ENABLE =]
EXAMPLE RELAY DRIVE CIRCUIT = 5= &
< EXAMPLE DIRECT LED DRIVE _E-__—
GROUNDING /TE PIN INITIATES DATA TRANSMISSION
10K USE 100K TO 200K EXTERNAL PULL-UP AS SHOWN ABOVE
DECODER ABSOLUTE MAX DRIVE CURRENT:
25mA MAX PER OUTPUT PIN | SiNK OR SOURCE | 200 mA MAX (ALL COMBINED)
= ADDRESS PINS MAY BE CONNECTED TO GROUNY, VCC, OR ANY COMBINATION
OF GROUND & VCC, AND SHOULD NOT BE ALLOWED TOQ FLOAT Title SAMPLE ENCODER / DECODER CIRCUIT SCHEMATICS
Copyright (C) 2007 Reynolds Electronics FOR &-BIT "CIP-8E" ENCODER & "CIP-8D" DECODER ICs
12300 Highway AlA Siz Number Revision
Vero Beach, F1. 32663 Orcad A CIP-8E / CIP-RD) Al
Ph- 772-589-8510 Fax: 772-580-8620 <
Website: hitp://www.rerdron com Date: 7-Nov-2006 Shest of 1of}
File: CACAD\SCHEMATICS.Ddb | DrawnBy: __B. REYNOLLS
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— — am—— —
|ryoea G Tochrigr|
STANDARD CHARACTER MODULES
C22 0XO1 ........ QUTLINE DIMENSION AND BLOCK DIAGRAM
40 108.0:0.3
11,3205 83.5:05 o w0 W2
16.3:05 834-VIA S o d RU
21.3:05 T35-AA QN e 16
P
= 9 f r 1Y
~—
AN oo ;
= oo Yoo e
-— o = O O
3 2 R
o s = EEENS
& 20 1
o
s L y
- N
T, 1
o| 25 7.9
S| 254 e 0.66
116.0£0.5 0.60
Ves —1
Vdd— 2 o 16 COMMONS L.CD ={F P
vo —3 & dSla 10| o
Rs 4 ] g
RW—9 3= H
E 6 Eo 40 SEGMENTS 60 SEGMENTS
2 HNNRNEN
DBO 0 D7, ~[oRVER .30 ]
7~14" 3.70
pL- 19 |
o 18 || EL /LED BACKLIGHT |
VERSION wi w2
NOEL BACKLIGHT 5.00£05 110.00 MAX
The tolerance uniess classified +0.3 mm LEDBACKLIGHT | 650105 | 114 MAX
ABSOLUTE MAXIMUM RATING
PIN ASSIGNMENT tem Symbol Conditions Min. Max | Unit
Pin No. Symbol Function Power Supply Vollage Ved-Vss 03 70 v
1 ViR Ground Terminal Input Vallage vin Vs Vd v
2 vdd Supply Terminal OPERATING TEMPERATLIRE Topr ‘Normed 0 0 c
k] Vo Pewer Supply for LCD driver NORMAL STORAGE TEMPERATLRE Telg Marmal -20 «70 G
4 RS Register Select Signal WioE OPERATING TEMPERATURE Tapr Morme! 20 <10 °C
5 RW Read/ Write Selection STORAGE TEMPERATLRE Tslg Mormel -0 80 ¢
6 E Enable Signal ELECTRICAL CHARACTERISTIC (Vdd = + bv, Ta= 25°C)
7 DBO Data Bus Line ltem Symbol | Candiohs Min. Typ. Max. Unit
8 DBl Data Bus Line Loge: Supply Voltage Vdd 45 50 55 v
9 DB2 Data Bus Line “H Inpul vollage Vu C.7Vdd vidd v
16 DB3 Data Bus Line 'L Inpul Vollage Vi 03 a5 v
11 DB4 Deta Bue Line “H° Qulpul Vallage Vo Q.76vdd v
12 DB3 Data Bus Line L Oulput Voltage Vo 02vad ¥
13 DB6& Deata Bug Line Module Supply Curvent dd 10 20 mé,
14 DB7 Data Bus Line LCD Orising Vallage Vi Vddvo 43 45 47 Y
Led Bacldight Grownd
L e BACKLIGHT OPTION
16 BL+ Led Backlight Power Supply
FORWARD GURRENT ( mA)
OPTION - REVERSE BACKLIGHT CONNECTION LED CCLOR OPTION | CONDITION o - o
15 BL+ Led Backlight Power Supply —
4=
16 BL- Led Backlight Ground YELLOW GREEN B8 | Fua= 100t h
WHITE YES R:‘:f S:m »
NOTE : BLLE s Vea =50V »
1. BACKLIGHT - YELLOW GREEN : BOTTOM LED BACKLIGHT Rod = 47 ohimm
2. BACKLIGHT - OTHER COLOR : 5IDE LED BACKLIGHT AMBER YES R..W‘ : 2%0\;" 0
i = ahm
RED NO -
e NO [ 1
G N R N

CCT reserves the right to vary or make changes to the specifications of the module in this brochure at any time without prior notice. CCT futher assumes
no responsibility for its use, nor for any infringements of patents, pending applications or the rights of thirds parties as a result of ts use.
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Rack and Pinion gears dimension

Rack and Pinion gears

Pinion gears



