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ABSTRACT

The bill-to-coin changer is a microcontroller-based design that changes peso
bills inserted by the user to peso coins of choice. It is capable of changing 20-peso, 50-
peso, and 100-peso bills only, with coin denominations of 25-cents, 1-peso, 5-peso, and
10-peso coins. The system consists of vital parts such as the counterfeit sensor device
paired with an Ultraviolet light to detect the authenticity of bill, bill detector to identify
the amount of money inserted, coin sensor as dispensing counter, relay driver circuit as
switching device for gear motors and lamp, and the microcontroller circuit paired with a
keypad and LCD for control and I/O processes. The research instrument used is
descriptive for information gathering and experimental research for design
implementation and testing. Schematic capture and testing is used to ensure that actual
design is feasible. The software used to program PIC16F877 is Proton IDE which uses
PICBASIC programming for flexibility and easy error-debugging capability.

Keywords: counterfeit sensor, ultraviolet light, bill detector, coin sensor, relay driver,
microcontroller



Chapter 1
INTRODUCTION AND REVIEW OF RELATED LITERATURE AND STUDIES
Research Setting

Technological evolution is evidently visible nowadays. It can be seen through
the different machines and devices that are used from the past to the present. Manual
operations are gradually omitted by technological means. Bill to coin changer is a device
innovated from the idea used on vending machines and change machines. But neither of
the existing devices and/or machines provides the means to which people could exchange
their bill/s to coins without having to pay for something first.

Most people take public transportation to reach their destination. Coins are
essential in this scenario. Because it is inconvenient to pay a hundred peso bill for the
seven peso and 25 cents minimum fare, especially in the morning trips, most people are
forced to buy something just to have their money changed into smaller bills. Convenient
stores and retail stores are likewise known to be in need of coins especially in the
morning for their customer’s change.

With this, the proponents came up with an innovation which is derived from the
concept used on existing slot machines. The proposed machine would be capable of
identifying and changing 100, 50 and 20 peso bill to 25 cents, 1, 5, and/or 10 peso coin.
The inserted bill will first be tested using UV light technology to check if it is authentic
or counterfeit. The UV light technology was chosen over other technologies because it is
the most commonly used bill authenticity detector. Also, studies show that the ultraviolet

light can scan fluorescent fibers of the bill, enabling the user to verify the authenticity of



the bill accurately. After which, the user will be able to choose the combination of coin

denomination he wants the machine to dispense.

Review of Related Literature and Studies

Bill Money Changer for Slot Machines

One of the studies done by Bruce Edward C. Kelly (Blue Bell, PA) in October
30, 1990 entitled Bill Money Changer for Slot Machines is very related to the system the
proponents are trying to create. The author stated that “the present invention broadly
relates to dispensing devices and, more particularly, to a coin dispenser for use with
gaming devices, such as slot machines.” He also added that “the dispenser changes paper
bills into coinage” which is what the design is all about. Moreover, his studies contribute
much of the information and data on how to create the design. One of this information
includes the main parts of his design such as the bill-activated coin dispenser, cabinet
enclosing the bill money changer, a plurality of separate coin storage cartridges, and shoe
for receiving coins from each of said cartridges, which the proponents referenced and

partially imitated.

Bill Acceptor

The study completed by Cheng-kang Yu (Taipei, TW) and Wen-yuan Tsai
(Taipei, TW) in February 7, 2006 comprises the design the proponents are creating. One
important quote the inventors said is that "the present invention relates to bill acceptors
and, more particularly, to such a bill acceptor, which uses infrared light to fetch the image

of inks of the bill to be examined and ultraviolet light to scan fluorescent fibers of the



bill, enabling the user to verify the authenticity of the bill accurately.” This line has
given the proponents the idea to implement a UV light lamp to check whether the bill

inserted is counterfeit or not.

Coin Dispensing Apparatus

Another study entitled Coin Dispensing Apparatus patented by Abe, Hiroshi
(Tokyo, JP) last March 03, 1992 is related to the design. According to him, his design is
"a coin dispensing apparatus for use in coin exchangers, coin operated gaming machines
or the like and more particularly to such a coin dispensing apparatus comprising a hopper
for holding a supply of coins or tokens in bulk and a rotary disc which is rotated in the
hopper to dispense coins one at a time and in predetermined quantities." He continued
that “when the rotary disc is rotated, a coin is transported from the bottom portion of the
hopper to the outlet chute at the upper delivery portion by each of the transporting pins
which project from the surface of the rotary disc and pass through the tunnel passage in
the delivery guide.” The proponents used this idea to create a coin dispenser using PVC
tubes for coin container and a rotating metal shaft coupled in a motor gear for kicking the

coins to be dispensed.

Microcontroller Unit

A microcontroller unit or an MCU 1is a computer-on-a-chip. It is a type of

microprocessor emphasizing self-sufficiency and cost-effectiveness, in contrast to a
general-purpose microprocessor (used in a PC). A typical microcontroller contains all

the memory and interfaces needed for a simple application, whereas a general purpose



microprocessor requires additional chips to provide these functions. A microcontroller is

a single integrated circuit, commonly with the following features:

1.

Central processing unit - ranging from small and simple 4-bit
processors to sophisticated 32- or 64-bit processors.
Input/output interfaces such as serial ports.

Peripherals such as timers and watchdog circuits and signal

conversion circuits.
RAM for data storage.

ROM, EPROM, EEPROM or Flash memory for program storage.

Clock generator - often an oscillator for a quartz timing crystal,

resonator or RC circuit.

Light Dependent Resistor (LDR)

A photoresistor or LDR is an electronic component whose resistance decreases

with increasing incident light intensity. It can also be referred to as a light-dependent

resistor (LDR), photoconductor, or photocell.

A photoresistor is made of a high-resistance semiconductor. If light falling on

the device is of high enough frequency, photons absorbed by the semiconductor give

bound electrons enough energy to jump into the conduction band. The resulting free

electron (and its hole partner) conduct electricity, thereby lowering resistance.

There are just two ways of constructing the voltage divider with the LDR. It is

located either at the top (figure at the left), or at the bottom (figure at the right), shown in

Figure 1 below.
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Figure 1: Constructing Voltage Divider Circuit using LDR
You are going to investigate the behavior of these two circuits. You will also
find out how to choose a sensible value for the fixed resistor in a voltage divider circuit.

Remember the formula for calculating Vour:

R
_ BOTTOM
Vour = XV

R BOTTOM + RTOP

With the setting shown in Figure 2, the FSD, or full scale deflection of the
ohmmeter is 200. This means that the meter will measure resistances from zero up to a
maximum of 200. With this setting, you will be able to see how the resistance of an LDR

changes with illumination.

ohmmeater

200 Kiohms fed resistance may only be measured
when components are remover
from any cirouit

black laad red lead

crocodile

clip

Figure 2: Measuring LDR Resistance using an Ohmmeter



Relay Interface

A relay is an electrical switch that opens and closes under the control of another
electrical circuit. In the original form, the switch is operated by an electromagnet to open
or close one or many sets of contacts. Because a relay is able to control an output circuit
of higher power than the input circuit, it can be considered to be, in a broad sense, a form
of an electrical amplifier.

When a current flows through the coil, the resulting magnetic field attracts an
armature that is mechanically linked to a moving contact. The movement either makes or
breaks a connection with a fixed contact. When the current to the coil is switched off, the
armature is returned by a force approximately half as strong as the magnetic force to its
relaxed position. Usually this is a spring, but gravity is also used commonly in industrial
motor starters. Most relays are manufactured to operate quickly. In a low voltage
application, this is to reduce noise. In a high voltage or high current application, this is to
reduce arcing.

If the coil is energized with DC, a diode is frequently installed across the coil, to
dissipate the energy from the collapsing magnetic field at deactivation, which would
otherwise generate a spike of voltage and might cause damage to circuit components.
Some automotive relays already include that diode inside the relay case. Alternatively a
contact protection network, consisting of a capacitor and resistor in series, may absorb
the surge. If the coil is designed to be energized with AC, a small copper ring can be
crimped to the end of the solenoid. This "shading ring" creates a small out-of-phase

current, which increases the minimum pull on the armature during the AC cycle.



By analogy with the functions of the original electromagnetic device, a solid-
state relay is made with a thyristor or other solid-state switching device. To achieve
electrical isolation an optocoupler can be used which is a light-emitting diode (LED)
coupled with a photo transistor.

When we want to switch inductive loads such as relays we have to use a diode in
the circuit to prevent the transistor from being damaged (see Figure 4). An inductive load
can generate a back EMF which could easily damage a transistor. By connecting a diode

in reverse bias mode this back EMF is dissipated without damaging the transistor.
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Figure 3: Driving a Lamp using Transistor
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Figure 4: Driving an Inductive Load such as Relay
Since we can drive a relay, we can connect any load to the relay outputs as long
as we do not exceed the contact ratings of the relay. Figure 5 shows how a mains lamp

can be operated from the microcontroller output port using a relay. The relay could also



be operated using a MOSFET power transistor. In this circuit the main lamp will turn

ON when the output port of the microcontroller is logic 1.

Mas Lamp
H [ 20V
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Cutput 1K
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Figure 5: Driving a Lamp using Relay

Analog-to-Digital Converters

Analog devices usually consist of a sensor that will output a voltage that has a
linear relationship with the unit that it is measuring. For instance an analog type
temperature probe will output a voltage that will correlate to temperature. As the
temperature increases so will its output voltage. The "measurable" range of this
temperature will be such that it has a "linear" relationship with this voltage output.

A linear relationship means that a given change in the quantity being measured
(such as a number of degrees of temperature) will produce a given corresponding
quantity of change in its output (such as a voltage), over the device's entire measuring
range. When a sensor has a linear output such as this, it can have a function or equation
which represents a way to convert this voltage to temperature units.

An analog to digital converter will convert an input voltage to a reading that a
computer can understand. This converted reading is based on a binary counting system.
We all know a computer system understands bits, which are a value of zero or one. The

binary counting system consists of a number of these bits, whose various values represent



a number. The greater number of bits, the higher the possible maximum number which
can be counted.

For instance say we have a simple two bit system. The maximum count will be
two to the second power or four (ranging from zero to three). The first bit will represent
a two to the zero power or one; the second bit will represent a two to the first power or
two.

PIC Microcontrollers and Minimum Support Components

A PIC microcontroller, even though it may have been programmed, is not of
much use unless it is supported by a number of components, such as the timing
components and the reset circuitry. PIC microcontroller requires an external clock circuit
(some PIC microcontrollers have built-in clock circuits) to function accurately.

Resonators are more often used in microcontroller clock circuits because of their
low cost, simplicity, and low component count. The connection of a resonator to a PIC
microcontroller is shown in Figure 6. The centre pin is connected to ground, and the two
pins at either sides of the resonator are connected to the OSC1 and OSC2 oscillator inputs

of the PIC microcontroller.

PIC

microcontroller

08C osCc2
16 15
Resonator

1

Figure 6: Using a Resonator in PIC Microcontroller
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A PIC microcontroller starts executing the user program from address 0 of the
program memory when power is applied to the chip. As shown in Figure 7, the reset input
(MCLR) of the microcontroller is usually connected to the supply voltage through a 4.7K

resistor.

MCLR

PIC

microcentrollar

Figure 7: Connecting the Reset (MCLR) Input

Liquid Crystal Display (LCD)

In many microcontroller-based applications, it is required to display a message
or the value of a variable. For example, in a temperature-control application, it may be
required to display the value of the temperature dynamically. Basically, three types of
displays can be used in practice. These are video displays, 7-segment LED displays, and
LCD displays. Standard video displays require complex interfaces and their cost is
relatively high. 7-segment LED displays are made up of LEDs. Although the 7-segment
LEDs are bright, their disadvantage is the high power consumption which makes them
unsuitable in many battery-operated portable applications.

LCDs are alphanumeric displays which are frequently used in microcontroller-
based applications. Some of the advantages of LCDs are their low cost and low power
consumption. LCDs are ideal in low-power, battery-operated portable applications.

These displays come in different shapes and sizes. Some LCDs have 40 or more
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characters with several rows. Some more advanced LCDs can be programmed to display
graphics images. Some modules, such as the ones used in games, offer color displays
while some others may incorporate back lighting so that they can be viewed in dimly lit
conditions.

Color, Light, and Sensor

Color is a visual perception property which is derived from the spectrum of light
interacting in the eye. Color groups and physical specifications are often associated with
objects, materials and light sources based on their physical properties such as light
absorption, reflection, or emission spectra.

HSV are representations of points in an RGB color space. “H” represents hue
which is the aspect of a color described with names such as “red”, “yellow”, etc. On the
other hand, “S” represents saturation which is determined by combination of light
intensity and how much it is distributed across the spectrum of different wavelengths.
The most important is “V” or value because it is used in determination of the value of the
bill in the design. Value is the lightness or darkness of a color; it is found useful in
determining the kind of bill when using an LDR as a sensor.

For the particular design, the system is limited only to detect P20.00, P50.00,
and P100.00. Each of the bills has corresponding color value, such as light for P20.00
(orange), medium for P50.00 (red), and dark for P100.00 (violet). Note that the strongest
hue is located in the collar of the person imprinted in the bill, so it is advisable to focus in
this area. Since LDR is sensitive to light, different voltage values are measured when

each of these bills is placed in between the light source and the LDR (focused in the
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strongest hue). Thus, the different output voltage can be used to identify the kind of bill

(i.e. the measured voltage across LDR: 1V = P20.00, 1.5V = P50.00, 2.25V =P 100.00).

Conceptual Framework

Independent Variables Intervening Variable Dependent Variables
- Peso Bill - Microcontroller - Dispensed Coins
- Keypad Input - Coin Dispenser

- Bill Acceptor ) N - LCD Output

Figure 8: Conceptual Framework Diagram

In order for the system to do its purpose, fundamental variables are necessary.
Figure 8 shows the conceptual framework diagram of the system. The input comes from
the user; this includes the peso bill which could be 20, 50, or 100, the keypad input, and
bill acceptor. The number of dispensed coins, coin dispenser, and LCD output are highly
dependent to it. Without the user input, the system will not be functional. The principal
part of the system is the microcontroller. The microcontroller controls the operation of
the whole system and is the one that processes the independent variables to drive the

dependent variables.

Statement of the Problem

The main problem of the design is the development of a device that could accept
and identify bills to be changed into exactly similar amount in coins. Specific hindrances
include the process of detecting fake money and identifying the amount of bill inserted.

Moreover, the determination of the minimum and maximum amount of money to be
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accepted and dispensed, as well as the measure of accuracy and reliability of the study,

are also particular problems.

Objective of the Study

This design aims to develop a user-friendly system capable of accepting
authentic bills from the user and allowing the user to choose the coin denominations he
wants his bills to be changed into. In addition to this, the system must not dispense
insufficient coins; this means that the amount of coins to be dispensed must be of same
amount as the inserted bill. The design also intends to know if an Ultraviolet light can
really help determine fake bills when paired with a counterfeit sensor system. Moreover,
the design also aims to know if light intensity from colored bills can be distinguished and
used as a variable to know the value of the bill using a Light-Dependent Resistor and an
A/D converter. Furthermore, the objective of the design is to see if an optical sensor can

be used to count coins going out of the dispenser.

Significance of the Study

The use of a bill-to-coin-changer device is a more innovative and convenient
way of having bills changed to coins. The trouble of providing coins for early morning
transportation is a common problem to most Filipino commuters. With this device, the
hassle brought by paying in bills to the commuters as well as public-utility vehicle drivers
will be lesser.

As for students, this design has initiated the group members to apply their

technical competence and creativity in creating an actual design that is relevant to the
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modernization and advancement of the lifestyles of citizens. This study also allows

future researchers to come up with other methods on how to improve such device.

Scope and Delimitation

The system design has a narrow range of functionalities because of limited

resources and time. The following are the capabilities covered by the design:

1. The device changes inserted bills to coin denomination of choice.

2. The device detects if the inserted bill is a fake money.

3. The device identifies 20, 50, and 100 Philippine peso bills.

4. The device dispenses coins with denominations of 25-cents, 10, 5 and 1
Philippine peso coins.

5. The device has an error detection functionality wherein an error message is
displayed if a certain expression is false (e.g. the total value of selected
denomination is not equal to the value of the inserted bill).

6. Inquired total number of remaining coins in the dispenser will reset to 300 if
the system is restarted.

7. The device has a calibration test functionality which ensures that the color of
the inserted bill is synchronized with the color detected by the system.

8. The device has backup battery in case of power failure.
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In contrary to the functionalities of the design, the device has also a range of

restrictions. The following are the limitations which the design cannot accomplish:

1.

The device cannot correctly identify bills other than 20, 50 and 100 peso
bills.

The device cannot dispense coin denominations other than the scope (e.g. 5-
cents and 10-cents).

The device can only change one bill per transaction.

The bill is not retrievable once inserted in the system.

The device cannot differentiate a non-Philippine peso authentic bill with the
same color as the scope (e.g. 20KD is also color red like P50.00 thus when it
is inserted, the system will identify it as P50.00).

Very old or faded peso bills may not be recognized as to their respective
values.

The coin dispenser of the device can only hold a maximum of 300 coins
container.

The device cannot identify if there was a pending transaction prior to power
interruption.

The backup battery of the device will last for approximately 4 hours during

power failure.
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Definition of Terms

Analog-to-Digital Converter (A/D) is an electronic integrated circuit, which

converts continuous signals to discrete digital numbers. (Wikipedia, the Free
Encyclopedia)

Buzzer is a signaling device, usually electronic, which most commonly consists
a number of switches or sensors connected to a control unit that determines if and which
button was pushed or a preset time has lapsed, and usually illuminates a light on the
appropriate button or control panel, and sounds a warning in the form of a continuous or
intermittent buzzing or beeping sound. (Wikipedia, the Free Encyclopedia)

Complementary metal—oxide—semiconductor (CMOS) is a major class of

integrated circuits that is used in microprocessors, microcontrollers, static RAM, and
other digital logic circuits; it uses complementary and symmetrical pairs of p-type and n-
type metal oxide semiconductor field effect transistors (MOSFETs) for logic functions.
(Webopedia Computer Dictionary)

Direct Current (DC) is the unidirectional flow of electric charge which is

produced by such sources as batteries, thermocouples, solar cells, and commutator-type
electric machines of the dynamo type; it may be obtained from an alternating current
supply. (Wikipedia, the Free Encyclopedia)

Electrically Erasable Programmable Read-Only Memory (EEPROM) is user-

modifiable read-only memory that can be erased and reprogrammed repeatedly through
the application of higher than normal electrical voltage; it does not need to be removed
from the computer to be modified but it has to be erased and reprogrammed in its

entirety, not selectively. (Whatls, the Leading IT Encyclopedia)
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Electromotive force (EMF) is the energy per unit electric charge that is imparted

by an energy source, such as an electric generator or a battery wherein energy is
converted from one form to another. (Britannica Online Encyclopedia)

Flash memory is a non-volatile computer memory that can be electrically erased
and reprogrammed. (Wikipedia, the Free Encyclopedia)

Human-Machine Interface (HMI or user interface) is the aggregate of means by

which people — the users — interact with a particular machine, device, computer program
or other complex tool — the system. (Wikipedia, the Free Encyclopedia)

Integrated Circuit (IC) is a device made of interconnected electronic

components, such as transistors and resistors that are etched or imprinted onto a tiny slice
of a semiconducting material, such as silicon or germanium. (The American Heritage
Science Dictionary)

Keypad is an input device, sometimes part of a standard computer keyboard,
consisting of a separate grid of numerical and function keys arranged for efficient data
entry. (The American Heritage Dictionary of English Language)

Light Dependent Resistor (LDR) or photoresistor is an electronic component

whose resistance decreases with increasing incident light intensity. (Wikipedia, the Free
Encyclopedia)

Light-Emitting Diode (LED) is a semiconductor diode that emits incoherent

narrow-spectrum light when electrically biased in the forward direction of the p-n

junction, as in the common LED circuit. (Wikipedia, the Free Encyclopedia)
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Liguid Crystal Display (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.
(Whatls, the Leading IT Encyclopedia)

Microcontroller (MCU or uC) is a computer-on-a-chip, a type of microprocessor

emphasizing high integration, low power consumption, self-sufficiency and cost-
effectiveness, in contrast to a general-purpose microprocessor. (Wikipedia, the Free
Encyclopedia)

Motor (electrical) uses electrical energy to produce mechanical energy which is

found in household appliances such as fans, refrigerators, washing machines, pool
pumps, floor vacuums, and fan-forced ovens. (Answers, Online Dictionary and
Encyclopedia)

Phototransistor is a bipolar transistor that is encased in a transparent case so that

light can reach the base-collector junction; it works like a photodiode, but with a much
higher responsivity to light, because the electrons that are generated by photons in the
base-collector junction are injected into the base, and this current is then amplified by the
transistor operation. (Wikipedia, the Free Encyclopedia)

Potentiometer is a variable tapped resistor that can be used as a voltage divider;
it is commonly used as controls for electrical devices such as volume control of a radio.

(Wikipedia, the Free Encyclopedia)

Random access memory (RAM) is a type of computer data storage that allows
the stored data to be accessed in any order, i.e. at random. (Britannica Online

Encyclopedia)
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Relay is an electrical switch that opens and closes under the control of another
electrical circuit; the switch is operated by an electromagnet to open or close one or many
sets of contacts. (Britannica Online Encyclopedia)

Transistor is a semiconductor device, commonly used as an amplifier or an
electrically controlled switch. (Answers, Online Dictionary and Encyclopedia)

Ultraviolet Light (UV) is an electromagnetic radiation with a wavelength shorter

than that of visible light, but longer than soft X-rays; the spectrum consists of
electromagnetic waves with frequencies higher than those that humans identify as the

color violet or purple. (The American Heritage Dictionary of English Language)
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Chapter 2

METHODOLOGY

Research Design

The proponents used both descriptive research and experimental research to give
solution to the main problem. Descriptive approach was used during the information
gathering. The information gathered has led them to the solution on some of the specific
problems stated in Chapter 1. Experimental research, on the other hand, was done in this
design in order to implement what was researched for and to be able to do some testing.
This has to be done in order to conclude whether or not the design was able to meet the
objectives, and if it is efficient enough for the application that it is intended for.

To begin solving the problem, the proponents started with the data needed. The
challenge was how to come up with a device that would satisfy the above listed
objectives. The proponents started gathering data by researching on technologies and
studies that are in some way parallel to the requirements of the system. Major
components of the design, through a block diagram, were determined so as to know
which of the available materials and technology in the market could be used in the
design. Materials are then selected based on the criteria and requirements of the problem.

Since this design made use of microcontroller to coordinate and manipulate the
functions of different circuits, a good programming language and skill is also necessary
to complete the design. Again, consulting related books and knowledgeable persons are
of help in designing and debugging the program. To visualize the summary of the steps

above, Figure 9 shows the flowchart for the data gathering procedure.
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Figure 9: Data Gathering Procedure
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Design Procedure for Actual Design

Based on the data gathered, the system must have 3 major parts (see Figure 10).
These include the Bill Acceptor, Control System, and Coin Dispenser. The bill acceptor
is the one responsible for detecting whether the inserted bill is authentic or not, for
accepting the bill, and for identifying the value of the bill. The control system is the
central brain of the system which typically is the microcontroller. It controls all the input
and output devices and directs the system what operations to be done. On the other hand,
the coin dispenser is the one responsible for dispensing coins as the name implied.

For the actual design, each of the major parts is divided into circuits. The bill
acceptor is divided to counterfeit sensor, bill detector, buzzer, UV lamp and feeder-motor
circuits. The control system is just the microcontroller circuit where the keypad and LCD
are integrated. The coin dispenser consists of coin sensor and coin-motor circuits. Since
the feeder motor, UV lamp, and coin motor are driven by a relay, these are grouped under
relay driver circuit. All in all, there are five circuit-divisions such as the microcontroller,

counterfeit sensor, bill detector, coin sensor, and relay driver circuits.

[ UV Lamp ] [ Coin Motors ]

i BILL ACCEPTOR E COIN DISPENSER E CONTROL SYSTEM E
1 ! 1 1
i Counterfeit E Coin Sensor i Microcontroller i
i Sensor Circuit E Circuit i Circuit i
1 I 1 1
1 ! 1 1
| Bill Detector E i i
! . . ! 1 1
! Circuit : ! !
1 ! 1 1
1 ! 1 1
i Relay Drii/er Circuit i i
: i | |

AT NNCW

Figure 10: System Divisions
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Hardware Design
List of Materials

Electronic List of Materials

QTY UNIT ITEM / PART NAME
4 Pc Optocoupler
4 Pc 10k Yaw Resistor
5 Pc 1k Yaw Resistor
4 Pc 220k Yaw Resistor
1 Pc 10k Trimmer Resistor
15 Pc 4.7k Vaw Resistor
5 Pc LED Red
4 Pc PN100 Transistor
1 Pc 4 MHZ Resonator
1 Pc Tack Switch
2 Pc 7805 1C Regulator
2 Pc 1N4001 Rectifier Diode
5 Pc 0.01uF Capacitor
2 Pc 8-Pin M/F Connector
2 Pc 6-Pin M/F Connector
2 Pc 3-Pin M/F Connector
2 Pc 2-Pin M/F Connector
1 Pc PIC16F877 IC Microcontroller
1 Pc ADCO0804 IC A/D Converter
1 Set UV Light
1 Pc Power Supply
1 Pc 4x20 LCD w/ Backlight
2 Pc LDR
2 Pc Super Brite LED
1 Pc Pre-sensitized PCB 12x18
1 Pc Transformer 120 12 @ 1A
2 Pc IN5404 Rectifier Diode
1 Pc 2200uF/50V Capacitor
6 Pc Single Pole Double Throw Relay
1 Pc Piezo Buzzer
1 Pc Numeric Keypad

Table 1: Electronic List of Materials
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Mechanical List of Materials

QTY UNIT ITEM / PART NAME
5 Pc DC Gear Motor
2 Pc Rubber Roller
1 Pc Threaded Rod
2 Pc Plastic Gear

Table 2: Mechanical List of Materials

Miscellaneous List of Materials

QTY UNIT ITEM / PART NAME

1 Bag Ferric Chloride
2 Pack DP-20 Developer
2 Sheet Inkjet Acetate Foil
1 Bottle Acetone
1 Pack Masking Tape
2 L Lacquer Paint
1 G Lacquer Paint
2 Pc Brush
2 Pc Paint Roller
1 Sheet 27 x 4’ x 8 Plywood
1 Sheet Ya” x 4’ x 8 Plywood
V2 K 17 Nail
1 Pc 1/8 x % x ¥ Angular Aluminum
1 Pc 1/8 x 4 x 1 Angular Aluminum
1 Pc 1/8 x 12 x 12 Angular Aluminum
1 Pc 17 PVC
1 Pc ¥ PVC
1 Pc 2" PVC
1 Sheet Polyglass

100 Pc 3/16 x > Screw

100 Pc 3/16 x Y Screw

100 Pc 3/16 x 1 Screw
1 Pack Cable Tie
1 Set Drawer Lock
2 Set Hinges

Table 3: Miscellaneous List of Materials
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Hardware Component

Microcontroller — PIC16F877

The microcontroller is the brain of the system. It is a 40-pin 8-bit
CMOS FLASH microcontroller that functions as the main control unit by
driving all input and output devices interfaced in the system. It is used to control
the output levels of the DC motors, the UV lamp, the buzzer, and the LCD.
Moreover, it is also used to read the inputs from the keypad, coin sensor,
counterfeit and bill detector circuits and directs what each circuit component
should do.
Specifications:
e 2-5.5V DC operating voltage
e 8-bit CMOS FLASH program memory
e 368 bytes of data memory (RAM)
e 256 bytes of EEPROM data memory
e Low power consumption < 0.6mA typical at 3V, 4MHz

A/D Converter — ADC0804

ADCO0804 is an 8-bit A/D converter used to translate analog signals into
digital signals. It is easy to interface with all microprocessors and it operates as
stand-alone. This IC is used to convert analog signals from the light radiated by
the color of the bill through the LDR to a digital 8-bit binary code.

Specifications:

e 8 bits resolution

e 4.5-6.3VDC supply voltage
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e 100uS conversion time
e -65°C to +150°C temperature range

SPDT Relay — SRUDH series

SRUDH SPDT Relay is a 12 Amp Miniature Power PC Board Relay
that is used as a switch that opens and closes under the control of another
electrical circuit. It is used to control the motors and UV light which are
separated from the main circuit (the said components require higher voltage than
the normal 5VDC supply that is why these are separated).

Specifications:

e 12 Amp switching capacity

e 06-48VDC

e 360mW except 48 VDC (510mW)
e 35°C Max

Geared Motor — RB-35

The motor is used in the coin dispenser which limits the number of
coins going out. The number of turns is dependent on the inputted number of
coin denomination.

Specifications:

e 12V 6000RPM
e Output-120RPM/<80mA w/ no load

e 100RPM/250mA w/ 1.2kgf.cm
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4x20-line Dot-Matrix Liquid Crystal Display — HD44780U

The LCD is primarily used as the output HMI of the system that
displays the output such as instructions and messages to the user.
Specifications:
e 5x10or5x 8 dot matrix
e 2.7-5.5V low power operation support
e 80 x 8-bit display RAM
e Low power consumption

Numeric Keypad

The keypad basically serves as an input HMI device that allows the user
to interact with the system.
UV Lamp

The UV lamp is used to help the counterfeit sensor circuit detect the
fake bill. When the bill is illuminated, the light will reflect from it if it is fake
money; on the other hand, real money will absorb the light illuminated by the
UV lamp.
Buzzer

The buzzer operates as a sound device that functions as a warning
mechanism. It is mounted to the counterfeit sensor and is activated when the

microcontroller sends a high signal during counterfeit detection.
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Circuit Design

In order to create the system, hardware components and circuit
connections must be visualized; fundamental components include the
microcontroller, bill detector, counterfeit sensor, keypad, LCD, buzzer, UV
lamp, coin sensors, and motors for coin and feeder. Figure 11 shows the

hardware block diagram to illustrate the circuit modules and their I/O

connection.
Bill Detector >
J—> PIC16F877 | LCD
Counterfeit Microcontroller
Sensor Unit Buzzer
Keypad
Relay
oS Driver
oin Sensors
v v
Coin Feeder

Motors Motor

A

UV Lamp

Figure 11: Hardware Block Diagram
PIC16F877 MCU is the primary point of reference because it is the
main control unit of the system. The blocks with arrows pointing to the MCU
represents the input devices and blocks with arrows pointing away from the
MCU stands for output devices. Input devices include the bill detector,
counterfeit sensor, keypad, and coin sensors; output devices include the LCD,
buzzer, and relay driver. Coin motors, the feeder motor, and the UV lamp are

also output devices but in order for them to trigger, the MCU must first send a
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signal to the relay driver. With the given block diagram, connecting I/O devices
to the MCU is made simple and easy.

The proponents subdivided the system into five circuits. These are the
microcontroller, the counterfeit detector, the bill detector, the relay driver, and
the coin sensor. Each of these parts’ schematic diagram are created using
Proteus 7, a software tool that is used for schematic capture, simulation, and
PCB layout. This is to ensure that the system is feasible and operational through
testing and simulation.

The counterfeit sensor is one of the inputs based on the block diagram
(Figure 11), thus the circuit’s output is very important to the microcontroller.
This circuit detects whether the bill inserted is authentic or not. Since UV light

is used to check on the bill’s validity, LDR plays a major role in this process.

Ta Caunterfeit
Sensor aof

Ucc (from Figure 17) Figure 18
\Y
Q9
! ENEEEE !
1
LDR2
(% H R1D2
;ﬁ ' om 4.7k 2;23
C1
(- ore
.B1uF N
R164 Q7
(2 2N3924

COUNTERFEIT SENSOR

Figure 12: Counterfeit Sensor Circuit
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Consider the circuit in Figure 12. When the light level is low (authentic
bill or nothing), the resistance of the LDR is high. This prevents the current to
flow in the base of Q7 transistor, thus allowing the current to flow in the base of
Q9. Because of this, the collector-emitter of Q9 is shorted which allows the
current to flow. Consequently, the D12 LED is lighted and the output is high.
However, when light shines into the LDR (fake bill), its resistance falls, thus
allowing the current to flow in the base of Q7 which shorts the base of Q9 to the
ground. Because of this, the collector-emitter of Q9 is open, preventing the

current to flow. This does not light up D12 and the output is low.

Vcc (From Figure 17
i)
B
H R22 BILL DETECTOR
1k
uz Ta Figure 16:
e vcc | 22
:3@ DBACLSE) |45 > To DATA @
R DB 1 > Ta DATA 1
T 4 1oLk IN oee & > To DATA 2
2— INTR DB3 = [>Ta DATA 3
 — A GND DB4 % > Ta DATA 4
2—{p _ano DBS —5 > Ta DATA S
R21 & o VREF /2 DB6 (5 > To DATA &
18k | CLK R DB7(MSB) > Ta DATA 7
2 UIN+
P — RE' VUIN-
C4 C15 b= ADCE@ 8@ 4+
10@nF @.@4 7uF
C3 ® Vcc (From Figure 17)
180E@N e
—-—-—-——lr @ 50%
W =
/ RV1 soax
— LoR LDR1

Figure 13: Bill Detector Circuit
The bill detector identifies the value of the bill inserted to the feeder.

To make this possible, the circuit requires an A/D converter and LDR. LDR is
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used as the transducer where the A/D converter receives analog input voltage
range; A/D converter translates the measured analog voltage along the LDR to
digital signal in 8-bit binary form. In Figure 13, the converted 8-bit signal which
is an input to the microcontroller can be obtained in the DB0-DB7 data output of
the A/D converter. Moreover, the potentiometer RV1 is used to vary the analog
voltage measure in LDR1 for calibration.

The process on how the counterfeit sensor and bill detector works is
described in the following. When a bill is inserted in the system and the ‘#’ sign
is pressed, the microcontroller will turn on the UV lamp as well as it will wait
for the counterfeit sensor to send a low signal at a certain duration (by default,
the counterfeit sensor sends a high signal to the microcontroller). When an
authentic bill is inserted, the bill will just absorb the light making the resistance
of LDR at the counterfeit sensor high. The counterfeit sensor will still send a
high signal to the microcontroller. As the time expires and there is still no
change of signal (high to low) sent by the counterfeit sensor to the MCU, the
microcontroller will identify the bill as authentic and it will detect the value of
the bill by comparing the data obtained from the bill detector to the reference
values of P20.00 as 2, P50.00 as 4, and P100.00 as 5 (00000010, 00000011,
00000100 in binary form, respectively). By default, the bill detector reads a
converted value of 00001111 and 00010000 (15 and 16 in decimal form,
respectively) when there is no bill inserted. If any bill is inserted whether fake
or not, the bill detector will produce a digital converted value. For instance, if

the color value (lightness or darkness of color) of the inserted bill is light, such
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as 20 pesos, the bill detector will obtain a binary value of 00000010 (2 in
decimal form). Subsequently, the microcontroller will compare this data to the
reference values. Since the reference value of P20.00 as 2 matches the data
obtained, the microcontroller will identify the bill as 20 pesos. The bill will be
fed to the system and the transaction will begin. In contrary to this, if the bill
detector has obtained a value less than 2 or greater than 5, the system will not
accept the bill; the system will return to the main menu and wait for another
input from the user.

The coin sensor circuit is another fundamental part of the system. It is
used to detect if a coin is dispensed properly. The detection depends on the
signal that is sent by the circuit to the microcontroller. The circuit is partnered
to a motor with a metal shaft or kicker that is placed between the gap of an
optical sensor. During the rotation of the metal shaft, there is an instance where
the metal shaft blocks the gap of the optical sensor. At this moment, the optical
sensor’s phototransistor is not activated because the light coming from the

optical sensor’s LED is blocked.
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Figure 14: Coin Sensor Circuit

Consider the coin sensor circuit in Figure 14. When the light from the
optical sensor U1’s LED is not blocked, the U1’s phototransistor allows current
to flow in its base, making its collector-emitter shorted. Because of this, the
current will flow to the base of Q1 as well as in its collector-emitter; this
connects DI LED to the ground lighting it up and producing a high signal
output. On the other hand, the current is not allowed to flow in the base of
phototransistor if the light is blocked. The collector-emitter of Q1 is open when
this happens, so D1 is dimmed and the output is low.

The relay driver circuit is composed of motors and UV lamp; each of
these components is controlled by a relay. The relay switches these hardware
components with the microcontroller control. In Figure 15, coin and feeder
motor circuit (left) is identical with the UV lamp circuit (right). Take note that

the relay driver circuit is an output based on the block diagram in Figure 11.
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Figure 15: Relay Driver Circuit

Considering the figure in the left, without the microcontroller’s high
signal output to the circuit, no current will flow in the base of transistor Q6.
Because of this, the collector to emitter is open thus making the relay switch
open, allowing the motor off and D11 LED dim. If the microcontroller sends a
high signal to the circuit, the current will flow in the base of Q6. This will allow
the current to flow in the collector-emitter triggering an induction which creates
a back EMF in the relay. Simultaneously, the switch becomes close which
allows the motor to run and D11 to light up. This is the same with the UV lamp
circuit since it is identical to the feeder and coin circuit. Furthermore, notice that
there is a diode connected to the relay in reverse-biased mode. This is necessary
because a relay (inductive load) which creates a back EMF can damage the
transistor.

The main part for the system is the microcontroller circuit where the
control processing takes place. The microcontroller circuit shown in Figure 16

illustrates all I/O pin connections as depicted by the hardware block diagram in
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Figure 11. Since the system dispenses four different kinds of coins, requires one
bill acceptor, and uses a UV lamp for counterfeit detection, six relay drivers are
allocated to ports A0-A3, A5, and B7. Other connections comprise the
following: LCD to ports CO-C5, keypad to ports BO-B6, coin sensor to ports A4
and E0-E2, counterfeit sensor to C6, buzzer to C7, and bill detector to all D
ports.

During power failure, the system must integrate a backup-battery circuit
to prevent data loss and to continue current transaction. In order to do this, four
rechargeable 2V-1A Lead Acid batteries (8V total) are OR-wired with the AC-

to-DC power supply using rectifier diodes to power the whole system.
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Figure 17: Backup-Battery Circuit

In Figure 17, D1 and D2 are the diodes that connect the power supply
(Vi) and the batteries (BAT1) in an OR-wire connection. When power line is
available, Vv has 12Vpc. D1 is closed which allows the current to pass since its
cathode has OV. Simultaneously, D2 is open because its cathode measures 12V
from Vn. In the event of power failure, D2 is closed; this allows the batteries to
supply power to the system. At the same time, D1 is open since its anode has
0V from V|y and its cathode has 8V from the batteries. Voltage Regulator 7805
is connected in the cathodes of D1 and D2 to maintain a constant voltage of
5Vpc in the output.

The backup batteries are charged using Variable Voltage and Current
Regulator (L200 Chip). The circuit in Figure 17 is the typical connection of
L200 to form a battery charger. C1 and C2 are used to smooth the voltage input
and output. Pin 2 (LIM) and Pin 4 (VREF) are responsible for current and

voltage regulation, respectively. Both pins have internal voltmeters that measure
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corresponding voltages in the output. R3 is used to maintain 1A of current from
Pin 5 (OUT) regulated by L200 through Pin 2 (1A is the rated charging current
for Lead Acid batteries). R1 and R2 form a voltage divider where the input is
the voltage coming from the batteries and the output is the one going to Pin 4.
The fraction of voltage that goes to Pin 4 sets the float voltage going out of Pin
5. This float voltage is a constant voltage applied continuously to the lead acid
batteries; it maintains the cells in a fully-charge condition when power-line is
available. So overcharging is not a problem since float voltage is only applied to
the batteries. The only disadvantage is that the batteries will charge slowly

compared to smart chargers.

D
&
SW-SPST
+

e2@vac 12Vac Ta Vin of Figure 17

AC Saurce

BR-86D
BRIDGE
Rectifier

4 7@0uF

TRAN-2P 2S5

POWER SUPPLY

Figure 18: Power Supply Circuit
Figure 18 shows the circuit of the AC to DC Power Supply with model
WY-03C. 1t is plugged into 220V ¢ socket which is reduced to 12V ¢ and
rectified to 12Vpc. 12Vpc 1s connected to the Vv of the backup-battery circuit
in Figure 17.
Each of the circuits are created using Proteus 7 software (see Appendix

A for the complete circuit diagrams); each are tested, simulated, and properly
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considered. Since all simulations are successful and the desired data are

generated by the simulation output, hardware can now be implemented.

Software Design
Software Component

The software used in programming the code to integrate with
PIC16F877 microcontroller is Proton IDE. Proton IDE is a professional and
powerful visual Integrated Development Environment (IDE) which has been
designed specifically for the Proton Plus compiler. Proton IDE accelerates
product development in a comfortable user environment without compromising
performance, flexibility or control. It has the following features: Code Explorer,
Compiler Results, Programmer Integration, Integrated Boot-loader, Real Time
Simulation Support, Serial Communicator, Online Updating, and Plug-in
Architecture.

The PROTON compiler takes full advantage of each type of PIC
microcontroller available, and offers a friendly and intuitive language that
allows very complex operations to be carried out with a minimum of fuss, and
provides a flexibility and functionality that is unparalleled in the world of PIC
programming. It is functionally compatible with the language of PICBASIC Pro

Compiler which offers the beginner a comfortable and familiar environment.
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Figure 17-18 show the design’s system flowchart. The main process of
the system starts when the user enters a bill. This will serve as input to the
counterfeit sensor. For the counterfeit sensor to be activated it will have to wait
for another input from the keypad (which is “#”). It will then return a value of
either 1 or 0 to the microcontroller depending if it is fake or not. An input of 0
(meaning the money is fake) to the microcontroller from the counterfeit sensor
would make the microcontroller send a signal to the buzzer for it to be activated
and the whole process will be terminated. Otherwise, the microcontroller will
send a high signal to the relay (for the feeder to work) and to the bill detector.

The bill detector will send the binary value of the inserted bill, as read
by the LDR, to the microcontroller for it to determine how much coin the system
should dispense. The system will then provide the user with a menu in which he
could choose the number of coins (per denomination) he wants his bill to be
changed into. Number ‘1’ in the keypad would be for the centavo, ‘2’ for one-
peso coins, and so on. The system shall ensure that the total amount of coins to
be dispensed will be the same as the amount of bill inserted. The user will be
asked to reenter the quantity of coins (per denomination) if in case the desired
amount of coins is not equal to the inserted bill.

The whole process is started if the user entered a bill and then pressed
the “#” sign in the keypad. The user could also view the content of the coin

Ceskr

bank by pressing “*”. Proponents’ names are also available upon pressing “9”.



Chapter 3

PRESENTATION AND INTERPRETATION OF DATA

Accuracy and Reliability of Design

After implementing the hardware, various tests are made in order to evaluate the
system. Initially, the bill acceptor’s accuracy is tested. It is very important that the
system’s bill acceptor should detect the value of the bill accurately. Table 4 and 5 shows

the result of the test which are done twice to ensure consistency.

Bill Inserted Detected Value Result
P20.00 P20.00 Successful
P50.00 P50.00 Successful

P100.00 P100.00 Successful
P200.00 P50.00 Failed
P500.00 P50.00 Failed
P1000.00 P50.00 Failed

Table 4: Bill Value Detection Test (preliminary testing)

Bill Inserted Detected Value Result
P20.00 P20.00 Successful
P50.00 P50.00 Successful

P100.00 P100.00 Successful
P200.00 P20.00 Failed
P500.00 P50.00 Failed
P1000.00 P50.00 Failed

Table 5: Bill Value Detection Test (final testing)

Note: Failed — incorrect value of the inserted bill is detected.
Successful — correct value for the inserted bill is detected.

Tables 4 and 5 show the results of the tests done to see if the system could detect
bills other than 20, 50, and 100 peso bill. Notice that tests for the P200.00, P500.00, and
P1000.00 peso bills failed. This is because the bill acceptor is designed only to detect bill

values of P20.00, P50.00, and P 100.00. Other bills inserted may result to erroneous and

43
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unexpected values.
After the test, the proponents decided to test old and faded bills to check whether
the system still detects the value of the bill accurately. Table 6 shows the results of

inserting old and faded bills.

Bill Inserted Detected Value Result
P20.00 P50.00 Failed
P50.00 P50.00 Successful

P100.00 P100.00 Successful

Table 6: Bill Value Detection of Old Bills Test
Notice that the P20.00 bill failed. One primary cause of this is that the true color
of it is somewhat darkened due to the fact that it is worn-out and faded. Thus, the system
erroneously distinguished the value of the bill as P50.00.
After testing the accuracy of the system with regards to the bill value, the
proponents tested the precision of the counterfeit sensor. Printed bills on a bond paper

are used to test it. Table 7 shows the results of inserting the fake bills.

Bill Inserted (Fake) Message Output Result
P20.00 Counterfeit Detected Successful
P50.00 Counterfeit Detected Successful

P100.00 Counterfeit Detected Successful

Table 7: Counterfeit Sensor Precision Test
No errors are found during the testing of the counterfeit sensor. The next tests
involve the accuracy of the coin dispenser with respect to the inputted number of

denomination. Each kind of bill (P20.00, P50.00, and P100.00) is tested with 10 sets of

denomination. The denomination(s) row represents the type of coin tested; the input row

represents the number of pieces of each denomination; and the output row represents the

number of coins dispensed by the system. In this, the accuracy of the coin dispenser is

tested by ensuring that the output is equal to the input.
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Inserted Bill: P20.00

Set # Denomination(s) Input Output Result
1 25¢ 80 pcs. 78 pcs. Failed
2 P1.00 20 pcs. 19 pcs. Failed
3 P5.00 4 pcs. 4 pcs. Successful
4 P10.00 2 pcs. 2 pcs. Successful
5 P1.00 10 pcs. 10 pcs. Successful
P5.00 2 pcs. 2 pcs.
6 P1.00 10 pcs. 10 pcs. Successful
P10.00 1 pc. 1 pc.
7 P5.00 2 pcs. 2 pcs. Successful
P10.00 1 pc. 1 pc.
25¢ 20 pcs. 20 pcs.
8 P1.00 5 ps. 5 ps. Successful
P5.00 2 pcs. 2 pcs.
P1.00 5 pcs. 5 pcs.
9 P5.00 1 pc. 1 pe. Successful
P10.00 1 pc. 1 pc.
25¢ 4 pcs. 4 pcs.
10 P1.00 4 pcs. 4 pcs. Successful
P5.00 1 pc. 1 pc.
P10.00 1 pc. 1 pc.

Table 8: 20-peso Bill Output Test

Note: Failed — incorrect number of coins was dispensed.
Successful — correct number of coins is dispensed.

In the 20-peso bill output result (Table 8), sets 1 and 2 have failed the tests. Set
1 failed because the input of the user of 80 pieces 25-cents is not equal to the dispensed
coins (output) which are only 78 pieces. For Set 2, it has failed because the output is only
19 pieces 1-peso coins instead of the input of 20 pieces. The errors are caused by
unguided flow of centavo coins from the coin dispenser to the coin cargo and the narrow
gap between the 1-peso coin holder (PVC tube) and the platform where the metal shaft
kicks the coins. The errors are tolerable with just 1-2 input/output difference and 2 out of

10 failed sets.
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Set # Denomination(s) Input Output Result
1 25¢ 200 pcs. 200 pcs. Successful
2 P1.00 50 pcs. 50 pcs. Successful
3 P5.00 10 pcs. 10 pcs. Successful
4 P10.00 5 pcs. 5 pcs. Successful
5 P1.00 30 pcs. 30 pcs. Successful
P5.00 4 pcs. 4 pcs.
6 P1.00 40 pcs. 40 pcs. Successful
P10.00 1 pc. 1 pc.
7 P5.00 6 pcs. 6 pcs. Successful
P10.00 2 pcs. 2 pcs.
25¢ 80 pcs. 79 pcs.
8 P1.00 5 ps. 5 ps. Failed
P5.00 5 pcs. 5 pcs.
P1.00 30 pcs. 30 pcs.
9 P5.00 2 pes. 2 pes. Successful
P10.00 1 pc. 1 pc.
25¢ 40 pcs. 40 pcs.
10 P1.00 10 pcs. 10 pcs. Successful
P5.00 2 pcs. 2 pcs.
P10.00 2 pcs. 2 pcs.

Table 9: 50-peso Bill Output Test

Note: Failed — incorrect number of coins was dispensed.
Successful — correct number of coins is dispensed.

For the 50-peso bill output test in Table 9, only set 8 failed the test because the

output is only 79 pieces 25-cents, which is contrary to the 80 pieces input of the user. It

has 1 input/output difference which is still tolerable because the error is minimal. The

cause of error is the absence of guide from the dispenser to the cargo of 25-cents.
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Set # Denomination(s) Input Output Result
1 25¢ 400 pcs. None Not Possible
2 P1.00 100 pcs. 100 pes. Successful
3 P5.00 20 pcs. 20 pcs. Successful
4 P10.00 10 pcs. 10 pcs. Successful
5 P1.00 50 pcs. 50 pcs. Successful
P5.00 10 pcs. 10 pcs.
6 P1.00 40 pcs. 40 pcs. Successful
P10.00 6 pc. 6 pc.
7 P5.00 6 pcs. 6 pcs. Successful
P10.00 7 pcs. 7 pcs.
25¢ 300 pcs. 300 pcs.
8 P1.00 5 pcs. 5 pes. Successful
P5.00 4 pcs. 4 pcs.
P1.00 10 pcs. 10 pcs.
9 P5.00 8 pes. 8 pes. Successful
P10.00 S pc. 5 pc.
25¢ 300 pcs. 298 pcs.
10 P1.00 5 pcs. 5 pcs. Failed
P5.00 2 pcs. 2 pcs.
P10.00 1 pcs. 1 pcs.

Table 10: 100-peso Bill Output Test

Note: Failed — incorrect number of coins was dispensed.
Successful — correct number of coins is dispensed.

Not Possible — the operation is not viable.

In the 100-peso bill output test (Table 10), only set 10 has a failing result with 2

input/output differences. Set 10 failed because only 298 pieces of coins are dispensed

(output) by the system instead of 300 pieces, which is the input of the user. The error is

caused by the same reason as before, thus the proponents placed a guide on each of the

coin path from the coin platform to the coin cargo. On the other hand, notice that set 1

has a Not Possible result. The reason for this is that the system is programmed to hold a

maximum of 300 pieces per coin type. Since the input is 400 pieces, the system will
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change the input to 300 pieces by default. Pressing the enter key will not dispense the
coin since the input denomination value is less than the bill value. With this kind of
instance another kind of test must be done regarding the inequality of the input
denomination value and the bill value.

The following tests check the system if it displays an error whenever the input
denominations’ total value is not equal to the value of the bill. The results are shown in
Tables 11-13, where the denomination(s) row represents the coin type; the input count
row stands for the number of pieces per denomination; the fotal value row represents the
total value of the input count; and shows error row corresponds to whether the system
displays an error message if the total value of the input count is not equal to the inserted
bill value.

Inserted Bill: P20.00

Set # | Denomination(s) | Input Count | Total Value | Shows Error Result
1 25¢ 300 pcs. P75.00 Yes Successful
2 P1.00 21 pes. P21.00 Yes Successful
3 P5.00 3 pcs. P15.00 Yes Successful
4 P10.00 100 pcs. P1000.00 Yes Successful
5 P1.00 > pes. P45.00 Yes Successful
P10.00 4 pcs. Yes
Table 11: 20-peso/Denomination Value Error Test
Inserted Bill: P50.00
Set # | Denomination(s) | Input Count | Total Value | Shows Error Result
1 25¢ 250 pcs. P62.50 Yes Successful
2 P1.00 30 pcs. P30.00 Yes Successful
3 P5.00 95 pes. P475.00 Yes Successful
4 P10.00 6 pcs. P60.00 Yes Successful
5 P3.00 10 pes. P80.00 Yes Successful
P10.00 3 pcs. Yes

Table 12: 50-peso/Denomination Value Error Test




Inserted Bill: P100.00
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Set# | Denomination(s) | Input Count | Total Value | Shows Error Result
1 25¢ 100 pcs. P25.00 Yes Successful
2 P1.00 101 pes. P101.00 Yes Successful
3 P5.00 25 pcs. P125.00 Yes Successful
4 P10.00 8 pcs. P80.00 Yes Successful
5 25¢ 20 pes. P25.00 Yes Successful
P10.00 2 pcs. Yes

Table 13: 100-peso/Denomination Value Error Test

Note: Failed — the system shows no error message
Successful — the systems shows an error message

All tests are successful in different kinds of denomination since all sets show an
error saying that the denominations’ total value is not equal to the bill value. Another test

must be executed which checks the coin bank remaining coins. The results are shown in

Tablel4.

Bill Denomination(s) | Count | Coin Bank | Shows Error Result
P20.00 P1.00 20 pcs. 15 pes. Yes Successful
P50.00 P5.00 10 pcs. 5 pcs. Yes Successful

P100.00 P10.00 10 pcs. 9 pcs. Yes Successful

P20.00 25c¢ 80 pcs. 4 pcs. Yes Successful
P1.00 20 pcs. 0

P100.00 P5.00 6 pcs. 2 pcs. Yes Successful
P10.00 5 pcs. 0

Table 14: Coin Bank Error Test

Note: Failed — the system shows no error message
Successful — the systems shows an error message

The test checks the system if it shows an error whenever the coin bank’s
remaining coins is less than the desired number of denominations. Since all sets show an
error, the results are successful. After this the proponents tried to empty all the remaining

coins of the coin bank to 0. When the last transaction ended, an error message is
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displayed saying that the coin bank is depleted and can no longer dispense any coins.
This particular test means that system is operational and functioning well.

In summary, the design is accurate and reliable in terms of program-related
factors such as the displaying of error during wrong inputs or certain cases. The only
problem is in the mechanical part where there is a 1-2 input/output difference in
dispensing coins. The reason for this minimal error is maybe caused by the small tube

containers of coins or the flow of coins during the kicking of the rotating metal shaft.



Chapter 4

CONCLUSION AND RECOMMENDATION

CONCLUSION

After the proponents developed and tested the system entitled Bill-to-Coin
Changer, they have found out that the usage of UV light could detect fake money. The
value of money was identified using its binary value as converted by the A/D converter
from the analog signal read through the Light Dependent Resistor or LDR. Moreover,
blocking and unblocking the optical sensor could be used as counter as to how many
coin/s was/were already dispensed. The only observed disadvantage in using such
materials (A/D converter and LDR) is that it is not capable of differentiating bills of the
same color intensity. All in all, the group was able to construct a circuit design that
enables users to change twenty, fifty and one-hundred peso bills to their exact equivalent

amount in twenty-five cents, one, five, and ten peso coins.

RECOMMENDATION

For further improvement on the development of a bill-to-coin changer device,
the proponents recommend that the future researchers and designers should look for
another alternative device or component other than A/D converter and LDR, since it is
not capable of differentiating bills of same color intensity. Another suggestion is to
enable alternative device to support the acceptance of higher amounts or wider range of
bills. It is also advisable for the design not just to dispense coins but also bills. This
design could further be improved to support foreign currencies wherein one could change

one form of money to their preferred currency using this device.
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Device = 16F877
XTAL =4

ADCONI1 =7
LCD_DTPIN = PORTC.0
LCD_RSPIN =PORTC.4
LCD_ENPIN =PORTC.5
LCD_INTERFACE =4
LCD LINES =4

LCD TYPE=0
DelayMS 500

ALL DIGITAL = True
PORTB_PULLUPS = On

Dim key As Byte
Dim cb_25c As Word
Dim cb_1p As Word
Dim cb_5p As Word
Dim cb_10p As Word

Dim coin_totval As Word
Dim bill _val As Word
Dim ctr As Byte

Dim centavo As Word
Dim onepeso As Word
Dim fivepeso As Word
Dim tenpeso As Word

Dim Num As Byte

Dim Number As Word
Dim flag 25c¢ As Bit
Dim flag_1p As Bit
Dim flag 5p As Bit
Dim flag 10p As Bit
Dim chk As Byte

Dim portd cmp As Byte

APPENDIX B

Source Code
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flag 1p=0
flag 5p=0
flag 10p=0
flag 25¢=0
coin_totval =0
ctr=0

onepeso = 0
fivepeso =0
tenpeso =0
centavo =0
bill val=0

cb_25¢ =300
cb _1p =300
cb_5p =300
cb_10p =300

TRISA = %010000
TRISB = %01110000
TRISC = %01000000
TRISE = %111
TRISD =%I11111111

PORTA =0
PORTB =0
PORTC =0

DelayMS 100

menu_main:
PORTC =0

portd cmp =0
chk=0

If cb_25¢ <80 Then
chk =chk +1
EndIf
If cb_1p <20 Then
chk =chk +1
EndIf
Ifcb_5p <4 Then
chk =chk + 1
EndIf
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Ifcb_10p <2 Then

chk =chk + 1
EndIf
If chk = 4 Then msg_errorcb

Cls

Print At1,1," MAPUA "
Print At 2, 1, "School of EE-ECE-CoE"
Print At3,1, " Bill-to-Coin "

Print At4,1, "  Changer "
DelayMS 2000

Cls

Print At 1,1, " [ INSERT BILL ] "
Print At 3, 1, " (7)Test (9)Prop. "
Print At4, 1, " (*)Bank (#)Enter"
DelayMS 250

menu_mainloop:
GoSub getkeys

If key = 6 Then show prop
If key =4 Then show _test
If key = 3 Then test fake
If key = 1 Then show_cb

GoTo menu_mainloop

test fake:
portd cmp = PORTD
High PORTB.7
ctr=0

test_fakeloop:
If PORTC.6=0 Then
High PORTC.7

Cls

Print At1,1, " WARNING "
Print At2,1, " COUNTERFEIT "
Print At3,1, " DETECTED! "
DelayMS 3000

Low PORTC.7

GoTo menu_main
EndIf



If PORTD < 3 Then menu_main
I[f PORTD > 5 Then menu_main

ctr=ctr+1
DelayMS 1000
GoSub msg_billdetect

If ctr = 3 Then detect _valloop
GoTo test_fakeloop

detect valloop:
If PORTD <> portd_cmp Then menu_main

If PORTD=%00000011 Then
bill val =20
GoTo show amt

EndIf

If PORTD=%00000100 Then
bill val =50
GoTo show amt

EndIf

If PORTD=%00000101 Then
bill _val =100
GoTo show amt

EndIf

GoTo detect valloop

show_amt:
High PORTA.3
Cls
Print At2,1, " [ PLEASE WAIT] "
Print At3, 1, " [ FEEDING BILL ] "
DelayMS 5000

Low PORTA.3

Cls

Print At 1, 1, " Amount to Change "
Print At2,1, " -P",Dec bill val,".00 -"
Print At3,1, " "

Print At4,1, " [Press#] "
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show amtloop:
GoSub getkeys
If key = 3 Then menu_denom

GoTo show amtloop

menu_denom:
Cls
Print At 1, 1, " (1) 25-Cents =",@centavo
Print At2, 1, " (2) 1-Peso =",@onepeso
Print At 3, 1, " (3) 5-Peso =",@fivepeso
Print At4, 1, " (4) 10-Peso =",@tenpeso
DelayMS 500

menu_denomloop:
GoSub getkeys

If key = 10 Then
DelayMS 150
GoTo enter 25c

EndIf

Ifkey =11 Then
DelayMS 150
GoTo enter_Ip

EndIf

If key = 12 Then
DelayMS 150
GoTo enter 5p

EndIf

If key = 7 Then
DelayMS 150
GoTo enter 10p

EndIf

If key = 3 Then dispense _coins
Ifkey =1 Then
centavo=0
onepeso=0
fivepeso=0
tenpeso=0
coin_totval=0
GoTo menu_denom
EndIf



GoTo menu_denomloop

enter 25c:
Cls
Print At1,1," [ ENTER PIECES | "
Print At 4, 1, " (*)Clear (#)Enter "
DelayMS 250

flag 25¢c=1
GoSub Loop
GoTo menu_denom

enter 1p:
Cls
Print At1,1," [ ENTER PIECES ] "
Print At4, 1, " (*)Clear (#)Enter "
DelayMS 250

flag 1p=1
GoSub Loop
GoTo menu_denom

enter Sp:
Cls
Print At 1, 1," [ ENTER PIECES ] "
Print At 4, 1, " (*)Clear (#)Enter "
DelayMS 500

flag 5p=1
GoSub Loop
GoTo menu_denom

enter 10p:
Cls
Print At1,1," [ ENTER PIECES ] "
Print At4, 1, " (*)Clear (#)Enter "
DelayMS 500

flag 10p=1
GoSub Loop
GoTo menu_denom



dispense_coins:
If centavo > 0 Then
If centavo // 4 = 0 Then dispense_here
GoTo msg_error
EndIf

dispense_here:
coin_totval = centavo / 4 + onepeso * 1 + fivepeso * 5 + tenpeso * 10

If coin_totval > bill val Then msg_error
If coin_totval <bill val Then msg_error
If cb_25c < centavo Then msg_error25c
If cb_1p <onepeso Then msg_errorlp
If cb_5p < fivepeso Then msg_errorSp
If cb_10p <tenpeso Then msg_errorlOp

Cls

Print At 1, 1, "25Cent:" #centavo," 1Peso:",#onepeso
Print At 2, 1, " 5Peso:" #fivepeso," 10Peso:" #tenpeso
Print At 3, 1, "o "

Print At 4, 1, "Bill Value: P" #bill val,".00 "
DelayMS 750

Cls

Print At2,1,"[ PLEASE WAIT ]"
Print At 3, 1, "[ DISPENSING COINS ]"
DelayMS 500

dispense 25cloop:

If centavo = 0 Then
Low PORTA.S
GoSub show_dispctr
GoTo dispense_1ploop
EndIf

High PORTA.5

If PORTA.4=0 Then
DelayMS 350
centavo = centavo - 1
cb 25¢c=cb 25c-1
GoSub show_dispctr

EndIf

GoTo dispense_25cloop



dispense 1ploop:
If onepeso = 0 Then
Low PORTA.O
GoSub show_dispctr
GoTo dispense Sploop
EndIf

High PORTA.0

If PORTE.0=0 Then
DelayMS 350
onepeso = onepeso - 1
cb Ip=cb Ip-1
GoSub show_dispctr

EndIf

GoTo dispense_1ploop

dispense Sploop:
If fivepeso = 0 Then
Low PORTA.1
GoSub show_dispctr
GoTo dispense 10ploop
EndIf

High PORTA.1

If PORTE.1=0 Then
DelayMS 350
fivepeso = fivepeso - 1
cb S5p=cb 5p-1
GoSub show_dispctr

EndIf

GoTo dispense_Sploop

dispense 10ploop:

If tenpeso = 0 Then
GoSub show_dispctr
Low PORTA.2
bill_val=0
centavo=0
onepeso=0
fivepeso=0
tenpeso=0
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coin_totval=0
GoTo msg_success
EndIf

High PORTA.2

If PORTE.2=0 Then
DelayMS 350
tenpeso = tenpeso - 1
cb 10p=cb 10p-1
GoSub show_dispctr

EndIf

GoTo dispense 10ploop

msg_billdetect:
Cls
Print At 1,1, "[ PLEASE WAIT "
Print At2, 1, " [ BILL DETECTION ]"
Print At3,1, "[ IN PROGRESS ]"
Return

msg_error:
Cls
Print At 1, 1, " SORRY! The Desired "
Print At 2, 1, "Denominations' Total"
Print At 3, 1, " Value is NOT EQUAL "
Print At 4, 1, " to the Bill Value! "
DelayMS 2000
coin_totval=0
GoTo menu_denom

msg_error25c:
Cls
Print At1,1,"  SORRY! "
Print At2,1," Not Enough "
Print At3,1," 25-CENTAVO COINS "
Print At4,1," to dispense "
DelayMS 2000
GoTo menu_denom

msg_errorlp:
Cls
Print At1,1,"  SORRY! "
Print At2,1," Not Enough "
Print At3,1," ONE-PESO COINS "



Print At4,1," to dispense "
DelayMS 2000
GoTo menu_denom

msg_errorsp:
Cls
Print At1,1,"  SORRY! "
Print At2,1," Not Enough "
Print At3,1," FIVE-PESO COINS "
Print At4,1," todispense "
DelayMS 2000
GoTo menu_denom

msg_errorlOp:
Cls
Print At1,1,"  SORRY! "
Print At2,1," Not Enough "
Print At3,1," TEN-PESO COINS "
Print At4,1," todispense "
DelayMS 2000
GoTo menu_denom

msg_errorch:
Cls
High PORTB.7
Print At1,1," "
Print At 2, 1, " SORRY! Not Enough "
Print At 3, 1," COINS to dispense "
Print At4,1," "
DelayMS 2000
Low PORTB.7

Cls

Print At 1, 1," [ Out of Order | "
Print At2,1," SORRY! "
Print At3,1," Coin Bank "
Print At4,1," IsEmpty "
DelayMS 5000

GoTo Exit2

msg_success:
Cls
Print At 1, 1,"[ 1"
Print At 2, 1, " [ Transaction ] "
Print At3,1," [ Successful! |"
Print At4,1," [ 1"




DelayMS 2000
GoTo menu_main

show_dispctr:
Cls
Print At 1, 1, " 25-Cents : ", #centavo
Print At2, 1, " 1-Peso : ", #onepeso
Print At 3,1, " 5-Peso : ", #fivepeso
Print At4, 1, " 10-Peso : ", #tenpeso
Return

show_cb:
DelayMS 500
Cls
Print At 1, 1, " 25-Cents : ", #cb_25c¢," Pcs"
Print At2,1," 1-Peso :", #cb_lp," Pcs"
Print At 3, 1," 5-Peso :", #cb 5p," Pcs"
Print At4, 1, " 10-Peso : ", #cb_10p," Pcs"
DelayMS 2000
GoTo menu_main

show _test:
Cls
Print At1,1," "
Print At2,1," CALIBRATION "
Print At3,1," Value="Dec PORTD
Print At4,1," "
DelayMS 1000
GoTo menu_main

show_prop:
Cls
Print At 1, 1, "Proponents:
Print At 2, 1, " - Caroline Sambaoa "
Print At 3, 1, " - Jhune Bryan Reyes"
Print At4, 1," - Jomer Bolo "
DelayMS 3000

"

Cls

Print At 1, 1, "Proponents:
Print At 2, 1, " - Billie Buenafe "
Print At 3, 1, " - Lyndon Catalan "
Print At 4, 1, "[B.S. CoE Students] "
DelayMS 3000

GoTo menu_main
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getkeys:

key =0

PORTB = %00001110
If PORTB.4 =0 Then
key =1
GoTo Exit
EndIf

If PORTB.5 =0 Then
key =2
GoTo Exit

EndIf

If PORTB.6 = 0 Then
key =3
GoTo Exit

EndIf

PORTB = %00001101
If PORTB.4 =0 Then
key =4

GoTo Exit
EndIf

If PORTB.5 =0 Then
key =5
GoTo Exit
EndIf

If PORTB.6 = 0 Then
key =6
GoTo Exit
EndIf

PORTB = %00001011
If PORTB.4 =0 Then
key =7
GoTo Exit
EndIf

If PORTB.5 =0 Then
key =8
GoTo Exit
EndIf
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If PORTB.6 = 0 Then
key =9
GoTo Exit
EndIf

PORTB = %00000111
If PORTB.4 =0 Then
key =10

GoTo Exit
EndIf

If PORTB.5 =0 Then
key =11
GoTo Exit
EndIf

If PORTB.6 = 0 Then
key =12
GoTo Exit
EndIf

Exit:
Return

Loop:
Number = 0
key =255

While Num <> 16
Num = InKey
Wend

While key <> "#"

Num=InKey
DelayMS 50
key = LookUpL Num,["*",0,"#",0,7,8,9,0,4,5,6,0,1,2,3,0,255]
If key ="*" Then

Cls

Print At1,1," [ ENTER PIECES ] "

Print At 4, 1, " (*)Clear (#)Enter "

Number = 0

EndIf

If key < 10 Then
Number = Number * 10 + key



If flag 25¢ =1 Then
If Number < 301 Then
centavo = Number

EndIf
If Number > 300 Then
centavo = 300
EndIf
EndIf

If flag 1p =1 Then
If Number < 101 Then
onepeso = Number
EndIf

If Number > 100 Then
onepeso = 100
EndIf
EndIf

If flag S5p=1 Then
If Number < 21 Then

fivepeso = Number
EndIf

If Number > 20 Then
fivepeso = 20
EndIf
EndIf

If flag 10p =1 Then
If Number < 11 Then
tenpeso = Number

EndIf
If Number > 10 Then
tenpeso = 10
EndIf
EndIf
Print At 2,1," ",@Number," Piece(s)"
EndIf

While Num <> 16
Num = InKey
DelayMS 50



71

Wend
Wend

Cls

Clear Number
flag 1p=0
flag 5p=0
flag 10p=0
flag 25¢=0
Return

Exit2:
End



APPENDIX C

PCB Layouts

Bill Detector PCB Layout

HHHHH

vo+

e e

Bill Detector Foil Pattern Layout
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Microcontroller Board PCB Layout
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Relay Driver PCB Layout
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Relay Driver Foil Pattern Layout
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Counterfeit Sensor and Coin Sensor PCB Layout

Counterfeit Sensor and Coin Sensor Foil Pattern Layout
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APPENDIX D

NPN General Purpose Amplifier Data Sheet

oo s b
FAIRCHILD
]
SEMICOMDUCTOR
.--':'.-'-.:"-'g
A
S
Ly
C S TO-82
E SOT-223
Mark: 14
NPN General Purpose Amplifier
This device [ dasignad 3= 3 general purpose amplfar and switch.
Tne useful dynamic range extends b1 100 mA 35 3 Saibch and o
100 MHZ 35 an ampifier.
Absolute Maximum Ratings®  +, - 25 uves omarwiss o
Symbaol Parameter Value Umits
Vero Collector-EmiTer Volkage 0 W
Weoma Collecior-Basa Vofage &l W
Vieo Emiter-5ase Vollage a0 U]
e Collecior Cument - Confircus a0 mA,
T Tag Ciperaling and Shorage Junciion Temperalune Range =55 Ww+130 c
A T hem raliregp aom s g vl oes slbie g o ad B o Somls 1B of airy sy Ssielo o Sevkin Tiay e a2l
ROTES
15 T* g radng & i e d o @ s 7 | ured e e i -0l ] B 2 e O
20T Vi v by ekt il Tl Ry sl okl B coiem s bind o gl S B i el Bl Pk 54 vy hufy Ly e s Sl
Thermal Characteristics  r, - ¢ wvms e nend
Symbol Characteristic Ml Units
2HIa04 MMETI304 | “PITISM
Fo Tatal Device Disslpation 6235 350 1.000 mw
Derale abave 25°C 3.0 25 5.0 N C
Rgac Thermal Reslsiance, Junclion o Case BE3.3 TN
R Tnermal Resisiance, Junciion to Amblent 200 357 125 ICIW
y Sl Aedenlad o8 FR-4 CE LB R L 8 Qines
" 'I'.h'rnl eraried &f FR-&CH 38 mim A HEimm R 1.5 fm, ddoniing peed 100 T ool Badmis 2 |.1r':

& 3041 Ferhic Sewcavaxis Doporrdan
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NPN General Purpose Amplifier

[cantinued)
Electrical Characteristics 1, - s usm stansasnchd
Symbal Parameter Test Conditions Mim Max Units
OFF CHARACTERISTICS
Vinmomo Colizctor-Emitter Sreaidown lg=10mA [p=0 40 v
WokRans
Vinmomo Colieclor-Base Breakdown Vollage lg= 10 pA, lg=0 E0 L
Vinmme Emitizr-Base Greakdown Vollags g =10 WA, I =0 6.0 W
B Base Cutoh Cument Weg = 20W, Wpp = 3V =0 n&
lemn Caollechar Sutoff Curmant WVeg = 30V, Vga =W 50 na&,
o CHARACTERISTICE"
Mrg DG Current Galn lp=0.1 MA, Ver = 1.0V 4]
Iy = 13 MA, Vep = 10V 70
lg = 10 MA, Wog = 1 100 300
lp = 50 MA, Vo =10V &l
lg = 100 MA, Veg =10V 30
R Collector-Emiter Saturalicn Vialtage le = 10 miA, lg= 1.0 mA oz v
lp =350 mA, Iy =5.0mA 0.3 L)
Warmii Sase-Emitler Iaburation Volage ley= 10 M&, I = 1.0 mA DG5S 035 W
le = 50 A, 1y = 5.0 mA 0.35 L
SMALL SIGHAL CHARACTERISTICS
Tr Cumen: Gain - Eandaidin Product lg = 10 M, Vg = 20 W, 300 MHZ
[ = 100 MHz
Catia Culput Capaciancs Ven =S50V, lg=10, X PF
= 1.0 KMHz
Cia nput Capacitanca Ven =05 W, Ic =1, 5.0 P
[= 1.0 MHz
HF Hoizs Flgure lc= 100 p&, Vg = 5.0V, =0 B
Ry =1.080,T=10 Hz 10 15.7kHz
SWITCHING CHARACTERISTICS
s DEE_['_|'I'|E Voo =30V, Vgp = 3= M6
L Rise Time o= 10 mA, Iy = 1.0 mA 25 ns
s Slorage Time Weo =30V, [ = 10m& 200 s
1 Fall Time = laz= 1.0 MA =0 M5

i b Tt Pk W0 5 300 i, Doty Sy 5 2.0%

Spice Model

PR (I5=5. 7347 Xim3 Sgei il VaeT403 Ef=416.4 Mewl330 lsom3.734 K=E6.75mM Kib=1S S 7371 No=2
simD lkr=0 Rim Cjom3 6360 Mjc= 3085 V=75 Fom 3 Cle=s 493p M= 2503 Yje= 75 Tr=233.50 Tr=301.2p

=4 Vil=4 XE=2 Rb=1D0}
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MPN General Purpose Amplifier

[centinued)

Test Circuits

- wm M e
1

""" may
Coaly Tyl = %

3
L
Sl

C, £ 40 pF

1
-

FIGURE 1: Delay and Rise Time Equivalent Test Circuit

LY
We i w mops —H g 4
TR o
Culy Cycle = 3%
o 10 K
|! |I e G ranpr
Sy —-— b =
—H I“‘— PR

FIGURE 2: Storage and Fall Time Equivalent Test Circuit
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APPENDIX E

ADC0804 A/D Converter Data Sheet

. . . . Deoembar 15994
National Semiconductor

ADCO0801/ADC0802/ADCO0803/ADC0804/ADCOB05
8-Bit uP Compatible A/D Converters

General Description
Tha ADCOS01, ADCOS02 ADCOA0A, ADCON04 and B Differertial analog voliage inputs

ADCDEOS aa CMOS BB successive aoprodmation AT B Logio inputs and oufputs maet bosh MOS and TTL waits
conwartars ial use a diferertial poterdomatic laddae age leval spaciicatons

smilar 1o B 2560 products These convarters aa do- @ Warks with 25V [LMI38) voltage refarancs

sgrad to allow operation with fia NS0E00 and NE080A g On.chip dack ganarator

dadwative contral bus with TAESTATE® anmul lalchas de
racty driving ®ia data bus. Thasas A DS appadr lica mamary
locations or 170 parts o the micaorocsssar and no nies
facng logic is nsadad

| OV 1o 5Y analog nput walage angs with dingla 5V
SUnEey

B Mo zaro adust roguied

B 03 sandard wid® 20pin T8 packags

B 20-pin maded chip carrier or small oufine packags

B Oparglas refomaricaly or with § Ve, 2.5 V-, or ana-
lag span adustad waltage refarance

Tiffarartal analog watage inouts alow inomasing 1he come-
markmade raecton and ofissting e andog zera nput
wallags vala In addiion, The wotage radarancs inpi can
be adjustad o alow enooding ary smaler aalog voltage

e full 8 bt of [t ifi i
snan %t e of rescRAN Key Specifications

Features B Hesalufon B HiE
B Compatibie wih 8080 uF dewafves—no imarlacng B 10 aror kg LS, +4; LS8 and 11053
lagic neadad - aoonss §me - 135 na B Carrearsion fima 100 us
B Easy imaiace 0 all micoprobestors, o ooarales
“stand alona”

Typical Applications

]

" i
[ h— |
] L]
M e P Il rAnnEAELi
i K |
i Ty kil - T
Y =% [21] o [y L I L NI TR RAAEE
e iy L1 ¥ ;"_:llﬁ — SE SLENDA 7d
3 [TH AL G |
- LN P AERD s
= 1, ! 3
" ::r Wil —U::I!A;:"I-Hl - _
L]
* - (11} ke b=
i '-' 7 LIS TI =1
Band lmerd.
i Error Specification lincudes Ful Soale,
Zoro Error, and Mon-Linearity)
e o ™ Full-
Part Eeals VREF 2= 2500 Voo | VRer 2 =No Conneclion
I e} Number (No Adjustments) (No Adjustmans)
s A ted
E".L W ——n o ADCOB | erg s
'3
Kt ey 7T ADCO802 b4 LSH
ADCOB03 | 54 LEE
BkTa
ADCHa04 L 1LE3
ADCHE0S k1 LS8
TLHEATI=M
TR-STAT B i rogh e trach b of atioral Samicaebains o,
TR m regiraesd rackaad of Tlog Corp
TLALEE R BEORH 1 5 Prinkud n L8 . A
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Absolute Maximum Ratings oumsia s

i Military fderospace specified devices are required,
please contact the National Semiconductor Sales
Office /Distributors for avallabiiity and spedfications.

Supply Valtaga (Voo Nosw 3)
Waltaga
Logia Corfral inpuis
A O Fout and Cuilpuits
Laad Tampo. (Saderng 10 sacands)
DuallneLine Package @plasic)
Dual-ln:-Ling Padoage joecamia)
Surface Mount Packaga
Wapar Phase (60 sacand )
rFrrarad {15 saconds)

Electrical Characteristics

The falowing specifcafons apoly for Ve =56 Voo, Tap = Tas Ty @and ing e =640 EHr unlbess olharsiss spacifed

-0 o +18v
=023V 1 (Voo + 0.0

LAY

;ﬁg ADCOA01 02 /03 /05LEN
ADCOAO4LEN

- ADCOA02 /00/04LCY
ADCOREE /03 /04LCWM

220 Aange of Vo

Storage Tamparatura Hange
Sackaga Disspation at Ty = 25*C
ESD Buscapihiity (Nola 10)

ADCOEM 02 0alsy

—#5°C o +150FC

Dperating Ratings (umes 12 2
Tamparatura Hangs

AT5 i

Ao

T”lN'LT_Q 'q'THM
ADCOAM 2L, ADCRIRLIMAEY —55CaTa <+ 1250
—J0"CATa S + 85
— A CaTy = + 0850
0"CaTa s + TG
DCaETas + PG
0" CaTym + TG
4.5V o B3 Voo

Param ater Conditions Min Typ Max Unkts
ADCOE01 : Total Adjustad Erar (Hotad) With Full-Scaks Ad| B LS8
{SaaSacion2 52) -
ADCH02: Total Unadjusted Srar (Maote 8 Vg2 =2 500 Ve 14 LSE&
ADCOE0I: Total Adjustad Errar (Mot d) With Fullk-Soalke Ad) b1y =5
(SsaSacton 2 82) !
ADCHE04: Total Unadjusted Errar (Mote &) VRER/2= 2500 Voo k1 LS&
ADCOA05: Total Unadjustad Erar (Mot 8) Vres2-Mo Comnaction k1 LEa
Vgee'2 Inouwt Asistanca (P 9 ATC0EIN 02005 25 a0 ELL
ADC0004 Mata H) 0rs 1.1 =13
Anaag input Valtage Sanga Pata d) vi+) arwW—) Gnd-0.015 Voo + 0005 Voo
DG Camman-Mada Erar Owar Analog Input Viatage Lo L4 58
Hanga
Power Supply Sensitaily Voo =5 Voo & 10% Ower L (ER =8
Allrarasd Vipgl + 1 ard Vg —)
Waltaga Hanga (Mot 4)
AC Electrical Characteristics
The fallowing specicsfans apply for Vioo= =5 Voo and Ta= 2550 uniess ofherwis spacifed
Symbod Paramater Conditions Min Typ Max Units
To Coarvarsion Time fiog = 640 Kz (Note &) 103 114 us
To Correarsion Tirna Mot 5 &) 66 73 1Mo
fouw Cladk Fraquancy Ve =5V, (Nos 5) 100 540 146D ez
Clodk Duty Oycla {Mota 5) a0 &0 %
A Caormearsion Aate in Fras Aunning TITH ad ta WH with a7T7a ] vl
Mada TE= 0 Vi, Ty s = 680 ki
Y | Wi o WA Inpu (St Pulse Wid i) CH=10 Voo (Nata 7) 100 &
| e ] Accats Tirme {Delay from Faling Cy =100 pF 135 200 s
Edga of T 1o Outpu Data Valid)
| P T TALSTATE Cantral {Dulay Gy =10 pF, Ay =10k 125 200 -
fram Fising Edge of A0 e {Soa TALSTATE Tast
Hi-Z 5 tata) Cirouits)
b 1w Dalay Fan Faling Edga 300 450 =3
of WH ar 7 to Qesel af THTH
Cipg Input Capacitancs of Lagic 5 75 pF
Camrol Inputs
Cowr TALSTATE Cutout 5 15 pF
Capaciance (Data Buifers)
CONTROL INPUTS Mote: CLE N (Fin &) & the nputof a Schmift igger croull and is frarsdors specified sepantey]
Wipg 1) Logica 17 input Viatags Vee=8 25V e 20 15 Voo
{Excapt Pn 4 CLE ™M)
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AC Electrical Characteristics comausd)
Tha fallowing spaciicatons apoly for Vo = SVocand Tagy £ Ty & T unless athacaise spacafed.

Symbod | Param eler | Conditions | Min | Typ | Max | Units

CONTROL INPUTS Mot CLE 1M {Pin ) & the nputaf a Sshmit tdgger droud and is fraraiore spacifad separataly]

Wipg 010 Liogical “07" lnput WV altage Vo= 476 Vs an Voo
({Excapt Pin 4 CILK M)

b (1) Logical “1°" input Currarm Vip =5 Voo 01005 1 o
(A )

kpg 101 Logical “07" nput Currar Vg =0Voo —1 —0.005 e
(Al Inputs)

CLOCK IN AND CLOCKR

i+ CLE ™ {7in 4) Positve Gaoing 27 ai a5 Voo
Thrashald Valtaga

Vr— CLE M {Pin 4) Naga e 15 14 241 Voo
Gang Threshad Vatags

Wiy CLE M {Pin 4) Hysaregs 06 13 20 Voo
-+ i— =1

Vo (O Logical “0"" CLK A Cunpunt o= 360 uA 0.4 Voo
Waltaga Vo= 475 Vpe

Waur i1 Logical “1"" CLE A Oupud o= —360 p A 2.4 Voo
Waltaga Voo=4.75 Voo

DATA DUTPUTS AND THTH

Wour (0 Logical 07" Cupt Vialtage
Data Cuitouits ouT= 1.6 md, '-.l'c,,:_—-ﬂ_J'S I"'Il:i:- 0.4 I‘l'll:i:.
INTA Cutpt o= 1.0mA Voo =475 Voo 0.4 Wi

Waur (N Logical 17" Cutput Vialtage o= — 360 pA Vo= 4 78 Ve 2.4 Voo

Ve §1] Logical 17" Cutpunt Valtage o= =10 pA Ver=A TS5V e 45 Voo

b THESTATE Disabiad Output Vaur=0 Voo -3 e
Laakaga (Al Data Buifes) Vour=8 Voo 3 Ao

'E:'_F\J:-E 'I.I'c"_-r Shartio {'\'l'ld.TA_H'l: 4.8 51 I'rl.ﬂtc_

lgpa; Vo Shortia Viop, Ty =250 a.q 16 mAn-

POWERSUFPLY

] Supaly Currant §l nolud e fig = 680 ki,
Laddar Curmart) Vepl2 =N, Ty =25°C

and T5 = 5¢

ADCEM A2 elco s 11 18 s
ADCEOLCHNLCVALCWM 14 25 i

et T b e Pl nd perd e g e M ot b oy e r. 000 e BT aaetries ] e St e o el ap py wien o rating

i v Bl B e M cperati ng cond i

Mot 2o A v ol g e with P e Ol Uk ok o fied. Tha aeaate & Ond golnd aoukd slwa v B wined e tha O ded

Bhesa 3: A pener dicds edats imsmally, tem Yo e Ondand e e typied bresedown weltage of 7

Mot s P Wyl — o e+ W gt el e ol will Ba QOO0 00 T ookl dhodn and Ul b e analog inpatindes Mok dag am) which will fesand
coridiad Ax armbig nputvelagen o ditds drep bekew graumd o o dicds Gop greas than W Yoo ek Bl candiul dur g teting atlow Yoo ks 48
et B b il I s 05T o e RE R B i s e bl by o o e A v e e e arakey | rpuls mear fullecala The
apsan alewn S0 i fonsand Blaa o sither dicds. Thin means e s g e e amieg ) oo neteosal e apy welage by mens Pan 50 mld, the cuyut
v | bacaract Toadies ot abachi® 0 Y 5 Yoy Input wltage rangs will Tamdins raure o minkmum egpy wolages of 4950 Vi o limiaatas
et b, Iril ol eararns e ol g

Bt 8 Accuradcy B g beed Al top = 240 kHE. A Rlghar ook frau 0 Fir liowes ook fradianchan, T duly cyroks im il can b
o ruisal i kg s e minimum ctok Bigh imd irdeead o minimum ceck e Umd nbeval B s e han 208 m

et & Wi an mayrehne e e T pula o b A ol ke oy B ragiinadd Baabers e el o koo Eleoes ane Brogar De Ak W in v o oo The
S e et | e e by e e Fhrae O oand aation 20

Meta 7 Tha TS irput b adsnd b b bl e T ane b | el an ) e e tm g b dapandant an s W puloes wilth, An arbitrarly wits ks whith wil ek
i v (oA raset s and She it o conver sken b B By e low e high ramdion o e T pukss (eas tming g e

Bt A Mo o s LT reyulne g e ad e Gee ssctien 2800 To debain pare ool al cher ambeg | mpot welnga e section 25 and Feree S

Bt 9 Tha Sper 2 g la the cenbes poiil o o twe-naskter didder oomeastad fiom Yoo B geund inoal verscna of e A000E0, AOC0E02 ADCHARE amd
ROCORIS, ard i M ADCEMGALC.), e r s atr i iy 18 WAL I all varskers o the BONCOS0 60l U ALCEIALCLL e raater [ bydeally 2.2 kL
Meta 1 e Bady medsl, 100 pF dacwrgad Treugh a LS KL st
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TRI-STATE Test Circuits and Waveforms

Lim tis, CL= 10pF Lzss teg, C = 10 pF

=y -

o

- —
TLAFEET =0
Timing Diagrams (u smingis massused from $e 50% vatage poirs)
START
=L Rl ]
2 _\ /_
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Y f
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——{ TR = Wi
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EbmviETER
e M A i IWTERHAL T
TLAST ONTE WAS AT AT}
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APPENDIX F

Liquid Crystal Display Data Sheet

HD44780U (LCD-II)

(Dot Matrix Liquid Crystal Display Controller/Driver)

HITACHI

ADE-207-272(Z)
'Ga.a
Rev. 0.0

Description

The HDE4TE0T dot-matrix lguid crystal display controller and duver L5I displays alphanumerics,
Japanese kana characters, and symbaols. It can be configured to drive a dot-matrix liquid erystal display
under the contol of a 4- or 8-bit microprocessor. Since all the finctions such as display FAM. character
generator, and higqud crystal dover, requred for dnving a dot-matrix hqumd erystal display are intemally
provided on ene chip, a minimal svstem can be mterfaced with this controllar/'diver.

A simgle HDA4 T80T can display up to one 8-character line or fwo B-character lines.

The ED447300 has pin function compatibility with the 0447805 which allows the user to easily replace
an LCD-IT with an HD447800. The HDY4T80U character generator FOM 15 extended to generate 208 5 =
& dot character fonts and 32 5 = 10 dot character fonts for a total of 240 different character fonis.

The lewr power supply (2.7V te 5.5V of the HD44T30U is switable for any portable battery-driven product
requiring low power dissipation.

Features

# 5 x8and 3 x 10 dot matnx possible

* Low power operation support:
— 2Tt 55V

o Wide range of liguid crystal display driver power
— 30t 11V

¢ Licuid crvstal drive wavefonm
— A [One lme frequency AC waveform)

+ Comrespond to high speed BMPU bus mierface
— 2 MEz {when V.= 3V)

o d-bit or B-bit MPU imterface enabled

B0 B-lat display FAM (B0 characters max.)

e 2.920-bit character generator FOM for a total of 240 character fomts
— 208 character fonts {3 x § dot)
— 32 character fonts {5 = 10 dot)
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HD44780U

s 54 = 8-hat character generator EAR
— & character fonts (3 = 8 det)
— 4 character fonts (5 = 10 dot)
¢ lé&-commen ¥ 40-segment Lquid crystal display diver
+ Programmable duty eyeles
— 1/E for one line of 5 x & dots with cuusor
— 1/11 for ons line of 5 = 10 dots with cursor
— 1/1& for two lmes of 5 % § dots with cursor
» WWids range of msfruction fimetions:
— Dusplay clear, curser home, display on'eff, curser onoff, dizplay character blink, curser shift,
display shuft
*+ Pin function compatibility with HD44 7805
*  Automatc reset circuit that mmttahizes the controller'driver after power on
¢ Intemnazl oscillator with external 1esistors

+ Low power consumption

Ordering Information

Type Ha. Package CGROM
HO4£T20UADDFS FP-E0B Japanese standard font
HCD44720UADD Chip

HO44720UADOTE TFP-B0F

HO44720UA02F5 FP-20B European siandard font
HCD44720UAD2 Chip

HO44720LIAD2ZTF TFP-BOF

HO447280UB=xFS FP-208 Custom font

HCD447 20U B Chip

HO447 205 xTF TFP-BOF

Mote:  xx- ROM code No.



HD 447501 Block Diagram

85

RS —=
AW —
CB4 wo
0BT

-
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circuit  —= :
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Instruction 7 o
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HD44780U Pin Arrangement (EP-80B)

SRAOER SF288E8
SO0 O0 2000000
L Wl oW ow w w W oW oW owowow
L e e I R I R ) L I I ]
EEEEEEEEEEEEEEEE
SEG22 [E2] 5EGas
SEG21 [e3] =340
SEG20 3] [EZ]comis
5EG18 [4] [E1]comis
SEG18 [5] [Ea] comis
SEGIT [E2]comiz
sEGIS [T 5| coMiz2
SEGIS
SEG14
SEG13
SEG12 [11]
sEG11 [ig] FP-20B
SEG10 [[F] (Top view)
SEG2 [14)
SEGS [15] Ex
SEGT [iE] [ comz
sEGE [17] [43] comz
SEGS [1g] a7] comt
SEGH4 [1] 45| oBT
SEGS [2] [45]oBS
SEG2 [ [EZ]oBes
SEGT [2] [43] oB4
GHD [22] ERJ[al=E
oscr ] [f] 0Bz
EERE
L ELy oz (= w2 =
ELEEEEEN wé 28
(=]
HD447800 Pad Arrangement
Chip size:  4.50 » 4.00 mm?
Coordinate: Pad center (pm)
Crigin: Chip center
Pad size: 114 % 114 pm?
2 1 80 83
Y
i
bbb Oooocoooooooooooo o
O a
O a
O a
O ]
O a
O a
O a
O a
O a
] m]
¥ = =
O [m]
O m]
O jm}
O [}
O m]
O Type code o
O m]
O m]
[} HO44720U O
O m}
O 0000000000000 O000 o
23 42
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APPENDIX G

PIC16F877 Microcontroller Data Sheet

]

MicRroOCHIP

PIC16F87X

28/40-Pin 8-Bit CMOS FLASH Microcontrollers

Devices Included in this Data Sheet:

= PIC16FET3
= PIC16FaT4

= PIC16F8TE

- PIC1BFETY

Microcontroller Core Features:

= High performance RISC CPU

= Oinly 35 single word instructons to leam

= All single cyche instruciions except for program
branches which are two cycle

= Operating speed: DC - 20 MHz clock input

DC - 200 ns mstruction cycle

= Up te BK x 14 words of FLASH Program Memaory,
Up tz 368 « 8 bytes of Data Memory (RAM)]
Up to 258 x 8 bytes of EEPROM Data Memory

= Pinout compatible to the PIC16CTIBT48/TaT7

= Imterrupt capability (up 10 12 sources)

= Eight lewvel deep hardware stack

» [Cirect. indirect and relative addressing modes

» Power-cn Reset [POR)

= Power-up Timer (FAWRT) and
Oezillator Start-up Timer (O5T)

= Watchdog Tirmer (WDT) with its cwn on-chip RC
oscillator for refable operation

» Programmabie code protection

= Power saving SLEEP mode

« Selectab'e oscillator options

= Lowi power, high speed CMOS FLASHEEPRTM
technology

= Fully static design

» Im-Cirzuit Serial Programming™ (IZ5P) via baeo
pins

= Single 5V in-Circut Serial Prograrmming capability

= In-Circuit Debugging via two pins

» Processor readfwnile access 1o program memory

» \Wide operating voltage range: 2.0V 1o 5.5V

= High SinkiSource Current: 25 maA

» Commerca), Industrial and Extended temperature
ranges

= Low-power consumption:
- < 0.6 mA typica’ @ 3V, 4 MHz
- 20 p& typical @@ I 32 kHz
- < 1 p& dypecal standby current
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Pin Diagram

FLIF
e
woiveer —= 1 e’ [ pEmenn
BANERD - [ ] - AERTHEE
CTRTT ) —— y = ) ——T
FLECAMINVERF - e [ 4 57 [ s HEL
FALAMIWEIT G e [ i ] =—e RESTGM
FEATOCE] - ] & w4 [ =—e HEZ
RASMMAES =—=] 7 -
RECMDaKS =— ]2 E:l' =1 []+—= nemnT
T N N T w[e—ve
RENCEAHT w— ] 18 E s0=—va
WD [ 1 E ) [] e ROTEET
L pe—— ] 2 [ —— s
OSC1CLEN — 1 13 E & [ =— A
CBEICLROUT -] 14 E 0= foimay
RO 1T bEK] = [ g5 o [ =—e RCTREDT
R UTIOEEP? e[ 38 o [ +—s RCRTRCK
REHEET s [ {7 24 [] =—s RCAEDO
RCRSCRECL =— [ i o1 [ =—s RCasmwEDa
ACPED w—e ] 13 2 [ +—e ROy
nouEr — 20 20 [ i

Peripheral Features:

» Tirmerl: 824 timerfcounter with 3-bit prescaler
» Timert: 1804 timer'counter wih prescaler,

can be incremented during SLEEF via extenal
crysialiclock

» TimerZ: 8o timer'countsr with 3-bit period

register, prescaler and posiscaier

= Two Capture, Compare, WM modules

- Capture is 18-bit, max. resolution s 12.5 ns
- Compare is 18-bit, max resciution is 200 ns
- PWM manc resoiution is 10-bit

« 10-bit multi-channel 2naleg-to-Digits! converier
- Synchronous Seral Port (55P) with SPI™ (Master

miede) and FC™ (MasteriSlave)

» Unwersal Synchronows Asynchronows Receiver

Transmitter (USART/SCI) with B-bit address
detzction

« Parallel Slave Port (PSP 3-bits wide, with

external B0, WX and TF controls (40024-pin only)

« Brown-cuf detection crcuitry for

Brown-cut Reset (BOR)
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Key Features
PlICmicro™ Mid-Range Reference PIC16FET3 PIC16FB74 PIC1GFETG PIC1GFBTT
Manual (DS33023)
Operating Frequency DC - 20 MHz DC - 20 MHz DC - 20 MHz DC - 20 MHz
RESETS (and Delays) POR, BOR FOR, BOR POR, BOR FOR, BOR
{PWRT, OST) (PWRT, OST) (PWRT, OST) (PWRT, OST)
FLASH Program Memon
Qastwords) aK 4K B 3K
Data Memory (bytes) 192 192 363 368
EEFPROM Data Memory 128 128 256 256
Intermupis 13 14 13 14
11O Ports Ports 4,B,C Ports 4,8,C.D.E Ports A.B,C Ports AB,C,D.E
Timers 3 3 3 3
Capture/Compare/PWM Modules 2 2 2 2
Serial Communications MSSP, USART | MSSF, USART | MSSP, USART | MSSP, USART
Parallel Communications — PSP — PSP
10-hit Analog-to-Digital Module A input channels | & input channels | 5input channels | 3 input channels
Instruction Set 35 instructions 35 instructions 35 instructions 35 instructions

TABLE 1-2: PIC16FE874 AND PIC16F&77 PINOUT DESCRIPTION
. OIP | PLCC | GFF | LOMP Buffer -
Pin Name Pin# | Pime Pin# | Type Type Description
OSC1/CLEIN i3 14 an 1 STICMOSH! | Oscillator crystal inputiexternal clock source input.
QSC2ICLKOUT 14 18 A | ] — Crscillator erystal oufput. Connects to crystal or resonator
n crystal oscillaior mode. In RC made, 05C2 pin cutputs
CLECQUT which has 1/4 the frequency of 251, and
denotes the instruction cycle rate.
MCLRVer 1 2 18 WP 5T Master Clear (Reset) input or programming voltags input.
This pim is an active low REZET to the device.
PORTA is a bi-directiona’ 1D port.
RADAND 2 3 19 i} TTL RAD can alse be analog inputl.
RATANT 3 4 20 o TTL FAT can also be analog inputl.
RAZIAN2VRER- 4 5 21 s} TTL RAZ can also be analog input or negative
analog reference voltags.
RAIANIVRER+ ] 22 o TTL RA3Z can also be analog inputd or positve
analog reference voltags.
RA4TOCK] ] T 23 o 1) A4 can also be the clock mput to the Timer timer!
counter. Culput is open drain type.
RARGEIANS T a 24 liw] TTL RAE can also be analog inputd or the slave select for
the symchronows senal port.
PORTE is a bi-directional [fO port. PORTE can be soft-
ware programmed for internal weak puf-up on all inputs.
REDIMNT 33 36 8 o TILST RED can also be the extarnal interrupt pin.
RB1 4 ar bl o TTL
RB2 5 3B 10 o TTL
REI/PGEM 34 am 1 e TTL RE3 can also be the low voliage programming input.
RB4 ET) 41 14 liw] TTL Interrupt-cn-change pin.
RB& 34 42 15 liw] TTL Interrupt-cn-changs pin
REGIPG ] 43 18 1o TIL/STH Interrupi-on-change pin or In-Circuit Debugger pin.
Serial pregramming clock
RET/PGD 40 44 17 o TIL/ST Interrupt-on-change pin or In-Circuit Debugger pin.
Serial programming data
Legend: |=input 0 = gutput 110 = inputioutput B = powesr
— = Mot used TTL =TTL imput ST = Schmitt Trigger input

- This buffer is @ Schmitt Trigger input when configured as an extemal interrupi.

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 VO and a TTL input when used in the Farallel
Slawve Port mode {for interfacing to & microprocessor bus).

4: This buffer is 3 Schmitt Trigger input when configursd in RC oscillator mode and a CMOS input atherwise.
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TABLE 1-2: PIC16F874 AND PICA6F87TT PINOUT DESCRIPTION {CONTINUED)
Pin Mame IE::':! FPLiE: Eani I.il_y_ﬂ;z EITI;I'::F Description
PORTC is a bi-directional 110 port.
RCOMIOSOTICKI| 15 18 3z 1] 5T RCO can also be the Temer! oscillator output or a
Timer1 clock input.
RCAMIOSICCP2 1a 18 a5 la} 5T RC1 can also be the Timer1 oscillator input or
Capture2 inputiCompare? cutput’PWM2 cutput.
RCCCP 17 12 il 14} 5T RCZ can also be the Capbure! mput/Comparet
output! PWM1 output.
RCASCKISCL 18 20 e L8] 5T RC3 can also be the synchronous senal clock nput!/
output for both 521 and 1°C modes.
RC4ISDUS0A 23 25 42 18] 5T RC4 can alsc be the 571 Data In {57 mode) or
data VO {1°C mode ).
RCAS00 2 20 43 1 5T RCE can also be the 5P Data Cut (SPI mode).
RCEIMTXKICK 25 27 44 1] 5T RCE can also be the USART Asynchronous Transmit
or Synchronous Clock.
RCTIRX/DT 28 29 1 1 5T RCT can also be the USART Asynchronous Recewe
or Synchronous Data.
PORTD is a bi-directional 110 port or parallel slave port
when interfacing to a microprocessor bus.
ROO/PSPO 18 21 34 iQ STITTLE
RO1/IPSF1 20 22 g Ils} STTTLR
RO2/PSP2 | 23 40 Ils} STITTL™
RD3PSP3 22 24 41 la} STITILE
RD4/PSP4 7 30 2 i STITTLR
RD5/PEPS 23 3 3 e STITTLE
RDG!PSPA 24 3z 4 1§ STITTL®I
ROT/PSPT 30 3 5 18 STITTLE
PORTE is a bi-directional 10 port.
REORDIANG & i 25 I[s] STITTL® RED can aiso be read control for the parallel siave
part, or analeg inputh.
REWRIANE B 10 26 la} STITTLE RE1 can a'so be write control for the parallel save
paort, or analeg inputf
REXCEIANT 10 b e la} STITTLE REZ can a'so be select contro’ for the parallel slave
paort, or analeg input?_
2 1231 134 6,29 P — Ground reference for logic and 110 pins.
Voo 11,32 | 1235 7.23 P — Positve supply for legic and WD pins.
MNC — 117,23, | 12,13, — These pins are not intermally connected. These pins
40 3334 should be feft unconnected.
Legend: [ =input 0 = ouiput 110 = inputfoutput P = power
— = Mot used TTL = TTL input 5T = Schmitt Trgger input
MNote 1: This buffer is a Schmitt Trigger input when configured as an extenal interrupt.

2: This buffer s a Schmitt Trigger input when used in Serial Programmng mode.

3: This buffer is a Schmitt Trigger input when configured as general purpose /0 and a TTL input when used in the Paratsl
Slave Port mode (for mterfacang to a microprocessor bus).

4: This buffer s a Schritt Trigger input when configured in RC escllator mode and 3 CMOE input othenaise.



APPENDIX H

SPDT Relay Data Sheet

SRUDH series

12 Amp Miniature

Power PC Board Relay

Appliances, HWAC, Office Machines
f T UL File No, 82252

i CSAFile Mo, LRE48471

A TUY File Mo, REC2TY

Uzors !'n.l':llrnuﬂ:{dr;w:wm: inchnical daia bafors s@lecing 2 product part
numbsd. K s reoam =d that uesad Jtcs;dcﬂnd'ﬂpnum%: Thzaof
the agencisAabionstories and v ew harnio snsuie the product mess the
[T 15 for & g an appdortion

Features Coll Data
+ Small package, 12 Amp swkching capeky. Voltage: 6o 48 OC
» 1Famn & ard 1 Farm © conact aman gamsnks. NMominal Power: 250 mW exoapt 48500 cof 1510m0
+ IMmarsion cearabie, sealed varsion avalabi Col Temparature Rse: 35°C max., i ated col vokaga.
+ Applications induda applance, HYAC, seourky sysham, Jorae opersr Max Col Powar: 1305 of nominal

coMirol, emengency kgheng. Duky Cycle: Contnums.

Coil Data & 20°C

Contact Data & 20°C pr—
L mE: 1F ALEPET-NCY o 1 F C DT
Matorial: AgAlcy. e Aot Fated Coll | Moriinal ol Wit Operats | Must Rekase
h ' Waltage Curramt Reskiance Voltage Woltaga
Maz. Salechiing Rabe: 300 Jmin. inc load.
B 20 cp i, fratat ieasd. VDG | m& | phms10% | DG VD)
Expooted Meohanikcal Life: 10 millon cperations Ino koad]. B B Te 1] ERTi] 0.6
Expaotad Elootrical Lifa: 100,000 operadons frated load: o 2z I o0
MIRImLm Load: 1 COMA & SN, 13 *.— _,35] E_.:E 1_%.
Initlal Contact Reslstarea: 100 milkchms & 14, 6Y0C, e | 15 1.600 1400 240
43 12 4,500 =000 4.5
Caontact Ratings
Ratings 124 & 120WAC resistiv, Operate Data
oot Must Oparate Voltage: T5% of rominal vokaga or kss.
- : Must Raloasa Voltage: 10% of nominal wakage of mare.
Operaie Time: 15
A5 @ 1I0AL Inducit fosz= 04, £ el i
A& @ VD induckiva (LR =Tmse) % :
Max. Switchod Veltage: AC: 2407 Ervirenmental Data
DC: 26 T-:-mlf-nrltum F:mu&!:
Mam. Switched Current: 124 perating: 53000 10 5070
M. Switched Power: 240008, 300W. Wibratlon, Mechanbeal: 100a55 He, 1.5mm double ampiiuda
Dporatlonal: 101055 He, 1.5mm double amplbude.
Sheck, Mechanical: 1,000mes? (103G spproimatahi.
Dperational: 100mis® (105 a Imaiehi.
Imitlal Dlelectric Strength Oparating HOmIity: 20 t2 B5% RH, [Hon sl
Batweon Opan Contacts: TROYAC SIS0 He 1T minusl.
Betwsan Coll and Contaots: 1,500AC SOVED He. (] mirdes
Surge Vaoltage Botwsen Coll and Contacts: 31,0004 (1.2 ! Soush Mechanical Data
Tarmiration: Frimsd croui termminals.
Erclozura (240 Flammiabllity R atngs):
- 1 i L3
Infial Insulation Reststance SRUDH.SR, Sanied plas caga o e
Botwesn Mutually Insulated Elomenis: 1,.000M ohms mine o S00WTCM. Wolght: 042 oz (12g) approdmataly.
Raference Data
Coil Tempaerature Rise Operate Tima Lite Expactancy
L : : 12 100
sl imman RN ™ EEE
8 11 [T r—— 6 . — - 24D Fio b
2 18— openthn — Allrwabls — 2 i .
& i e ?hk W Coll o Bmge '! & 5 r
b=0 namn : s S
oS e S ETerAREC S iN
- -
B a1 [~ Coal col__| E i
a Hat ol Wk Appihed 1
L B | P.I:I.-I]p'l':ihgt T F) — -
E = i i i Iihlluﬂrn
1
e g e gl B o4 @F oF L 1z 4 ' z 4 [ ] H
B rubart: Tamp. (701 Tkl Porarsr TR Coniaei Curmeni |4
Floiec Fins daia m bamsd onbthe mae slowabls temp. for Etgps mauistion o35
E TEASIE 54 N CC SFRERATG 1 Mk W DR S DO
447 relannoa papesEs ool [ty ekt othan s ot ] t
= o Feciicn e R (0 |5 bk o
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Ordering Information
Typical Part Number ®

SRUDH|-55| -1 |12 | DD (M | 1 ([ .M

1. Baslc Serlem
ERUDH = Piniabure Powar FC board reday.
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5]

. Enchosure:
55 = Wl IFhoc-tigi] © plastc covar.
SH = Sased phse casa.

3. Terminatiore
1=1pck

. Coll Woltsge:
CE = ENTC
00 = QYOO

12 = 12%0C
24 = 24VOC

48 = 48%0C

Coll nput:
[ = Starvderd

m

. Contack Amangemeani:

Bk = 1 Foimi C, SPOT P =1 Form A, SPET-RD

[

. Contack Matorial:
1 = AQLID

B. Suffix:

u
000 = Standard modal Oiher Suffix = Cusiom modsl

" M wiisble forimmenion cearingpraomeea

Our authaorized distributors are more Hikely to malntain the following ems In stock for Immeadlate dellvery.

SRUDH-5H-11200 002
ERUIDH-5H-12401 000

SRCHSHT120M1,022
SRCHEH1240M1,020

Outline Dimeanslons

Wiring Dlagram (Bottom View)

L= o T
2 T
M5
o
—I- L ATT £ 248
[CEE ]
mz :
s T L B BT 5
LR o am
[EEE] no PC Board Layout ([Bottom Wew)
A s
216+ 0w |
pos e
i nsss.n
.21E2 AW
£0= 31
1
A . 00a e
by e A6z 000 JET 2 008 zae Fhzzea)
BAZA = [~ z2zn | Faozsn
AL E 0
— pnizy —
SOCKEL Hold-Down Spring

2TENDEA sockat is reted 104 & 30VAC. UL Recognized For LIS and
Carada. Designad ta fit sama suggasted board byout as relay.
| o |

th n’:a | |—|---r AR
—|' frey

) i
]

|

SRR
b TR
LA

il il

20CA30 spring is dasigned ta sacura SRUDH raby in ZTE1064 =ockat.

NG 1R ¥
el GianD pagsas anky.

e DA% & TN Tas Vel
ru irmatars ) unkss eI
s ifiad

=P lﬁI.'E [ L] #ﬂ-n 3 E T e ST
Ul ipchange. H.;':ui:-ln?ﬂ.lh:tt:ﬂl'. Zix



APPENDIX I

Optical Sensor Data Sheet

TCST110. up to TCST230.
Vishay Semiconduct

-
VISHAY

Transmissive Optical Sensor with Phototransistor
Output

Description

Thiz device haz a compact construction where the
emitting-light scurces and the detectors are located
face-io-face on the same oplical axis. The operating
wavelength is 950 nm. The detector consists of a
phototransistor.

Applications

oy
¢ Contactless oploelectronic switch, confrol and EI /

counter

Features

® Compact construction
® Mo setting efforts

4+ O
L] Pul',rcarhqnate caze protecied against s e 3 I’T

ambient light "‘l
® 2 case variations HE *
» 3 different aperiures 76
® CTR selectsd in groups = o i

(regarding fourth number of type designation) Tojivicn
Order Instruction

Ordering Code Fesolution (mm} / Aperture {mm) Remarks

TCST1103° 0.6 ! 1.0 Mo miounting flags
TCST21035) With two mounting flags
TCST12028 0.4 ! 0.5 Mo mounting flags
TCS5T22025) With twio mourting flags
TCST13008) 0.2 ! 0.25 Mo mounting flags
TCST23005) WWith twa mounting flags
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TCST110. up to TCST230.

Vishay Semiconductors

Absolute Maximum Ratings

Input (Emitter)
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Paramster Test Conditions Symbo Value LI mit
Reverse voltage Vg L] v
Forward currant Ie G0 ma,
Forward surge current tp =10 us IEsm 3 A
Fower dizsipation Tomp=25°C Py 100 Wy
Junction temperature T; 100 C
Output (Detector)
Paramster Test Conditions Symbo “Value LI mit
Collector emitter voltage VeeEo T0 W
Emitter collector voltage VECo 7 J
Collector current I 100 ma
Collector peak current WT=051=10ms Iom 200 ma
Power digsipation Tomp = 25 C Py 150 miW
Junction temperature T; 100 i
Coupler
Paramster Test Conditions Symibo Value L mit
Total power digsipation Tamp=25"C Pt 250 M
Operating tempseraturs range Tomb —55 to +85 C
Storage temperaturs range Tsio —55 to +100 C
Soldering temperaiure 2 mm from case, t= 55 Ter 260 C




Electrical Characteristics (T, = 25°C)

Input (Emitter)
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Paramsier Test Conditicns Symbol Min. Typ. Max. Unit
Forward voltage g =80 m& VE 1.25 1.6
Junction capacitance V=0 f=1MHz C; 50 pF
Output (Detector)

Parameier Test Conditions Symbixol Min. Typ. Max. Unit
Collector emitier voltage  |lc =1 mA Vcoeo 10
Emitier collector voltage  |lg = 10 ud VECD 7
Collector dark current Ve =23V, Ie=0,E=10 leeo 100 na
CDU[}IE‘[

Parameter Test Conditions Type Symbol Min. Typ. Max. Uinit
Current transfer ratic Yep=5Y, TCST1103, ] CTR 10 20 e

IF =20 ma TC5T2103
TC3T1202,| CTR 5 10 Y
TCST2202
TC3T1300,| CTR 1.25 2.5 e
TCST2300
Caollector current Weop=5V, TCST1103, Ig 2 4 ma
I =20 ma TC5T2103
TCET1202, Ig 1 2 mé
TC5T2202
CS5T1300, Iz 0.25 0.5 mA
TCST2300
Collector emitter Ip =20 ma, TCET1103, | Veogsa: 0.4 W
saturation voltage lg=1mA TCST2103
Ig =20 ma, TCST1202, | Vogsat 0.4 W
Iz =0.5mA TC5T2202
I =20 ma, TCET1200, | Vesear 0.4 W
Ic = 0.1 mA TCST2300
Resolution, path of the lopres = 10 to 90% | TCST1103, 5 0.6 mm
shutter crozging the TCST2103
radiant sensitive zones TCST1202, 5 0.4 i
TCS5T2202
TCST1300, 5 0.2 i
TCST2300




Switching Characteristics

Parameter Test Conditions Symbol Typ. Unit
Turn-on time Ve =5V lz=2mA, R =100 L2 (see figurs 1) ton 10.0 IS
Turn-off time to 8.0 1S

e I« 1+EV . i =5 11638
a O— = - =2mA; adusted through i
N N nput amplitude
Re=500R | -I— -|[ | a -
! - I
*-om ! Wl | I el —
T T T e T [
tp = 50 us [ I
) 1007%
Channel | a0% =
¥ o Oscilloscope
Channelll Rz 1MQ
500 100 42 L= 20pF
34 1 ORET 0%
o e
Figure 1. Test circuit, saturated ocperation L
— - - p— — - 1,5 [, —
— - Ten [ [ ku —-
ty pulse duration siorage tme
ts delay tims ta fall tme
. rise time b (=t #t)  turn-off time
b (=83 + %) turm-on time

Figure 2. Switching times



APPENDIX J

User Manual

Instructions for the Administrators

1.

Open the rear door of the Bill-to-Coin Changer by unlocking it with the key
included.

Refill each coin tube (blue pipes) for 25-cents, 1-peso, 5-peso, and 10-peso coins
with 300 pieces of each coin type.

Close the rear door and lock it.

Plug-in the Bill-to-Coin Changer to a 220V socket.

Turn-on the switch in the left-bottom part in the rear.

When the welcome screen appears, ensure that the calibration value is equal to 15

or 16 by pressing “7”.

Instructions for the Customers

1.

Csod

Press to view the number of coins in the coin bank to check if your desired
denomination is still obtainable.

Insert the bill (P20.00, P50.00, or P100.00) in the feeder mouth properly.

Press “#” to start the transaction process.

When the bill is fed and the amount of bill is displayed in the screen, press “#”
again.

Select the desired denomination by pressing “1” for 25-cents, “2” for 1-peso, “3”

for 5-peso, or “4” for 10-peso coins.

Enter the number of pieces for the selected denomination then press “#” to accept.
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7. Other denominations can still be selected by following step 4. Note that the value
of your desired denominations must be equal to the value of the bill.

8. Press “#” to change the bill.

9. Wait for the Transaction Successful message.

10. Open the coin cargo door to get the dispensed coins.

11. Close the coin cargo door after getting the coins.



