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Abstract

This project aims to construct a Computerized Queuing System For Al_Ahli
Clinics, which would be able to order the patient entrance to the desired clinic in a

quiet arrangable way, this system will replace the non-computerized traditional

existing system.
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Chapter One

Introduction

This chapter introduces the general idea of the project, its importance

and discusses some of the related projects.

1.1 General Idea about the Project and its Importance

The project came as an idea from Al Ahli Hospital so it basically
depends on the user demand and how to satisfy him. The project is in general a
computerized stand alone system that displays the patient number on a 7-
segment display accompanied with a simple sound in order to arrange the

patient entrance to the desired clinic.

The project consists of two parts: the first one is connecting the
Network PC with the system in order to displays the patients' total number
inside the desired clinic, this is done using Visual Basic.NET. The second part
is displaying the patient number for both the doctor and the patients in the

reception so as the patient hears a soft sound, checks if his number appeared

and as a result enter the clinic.




1.2 Project Objective
The objectives of the project are:
Create an organized way for the patient's entrance to the clinic.

To prevent the noise that occurs when calling the patient by his name.

Organize the patients order in a fair way.

Sl -

Give the doctor a clear view of the patients’ number, so he/she can
manage his/her time to serve as much as he can.
5. Give the registration nurse an indication about the number of served

patients.

1.3 Literature Review

The queuing system has been used in some of the companies such as

Jawwal Company.

By visiting Jawwal Company there have been found a lot of deference’s

- between this system and their.

Jawwal Queuing system is done by using a ticket provider which gives
the customer his/her number automatically, then when his/her turn comes
he/she saw the same number in the 7-segmant display hanged above the
employee. Their system depends on the personal computer and there is no need

for any microcontroller.

In this system we plane to use Keypad and Microcontroller instead of

the personal computer for every clinic and one personal computer for the

registration and network communication, so as to reduce the cost.




1.4 Time Plane /Project Schedule

The project activities depend on each other, so the task durations and

dependencies are as the following:

T1: Preparing the project: find the suitable project by searching the internet
and the library then asking an advisor to initialize the project, as the project
been suggested by the user the challenge was to get the approval to take it, then

prepare the group and evaluate the project tasks cost and levels.

T2: Understand the problem: find the requirements, the constraints. This is
done by meeting the user and preparing a certain questions to ask him for in

order to get the best project understanding.

T3: The project searching and analysis: analysis the project and allocate

information and data about the project levels and sublevels, tasks and subtasks.

T4: The project requirements analysis: the project has many types of
equipment that must be provided and explained in order to implement the final
project and achieve the system requirements. The system has a hardware and
software requirements which must be achieved through the simulation and final

presentation.

TS: Introduction to project and study the 18F4520 PIC microcontroller

system.

T6: Study and find the type of displays and the keypad that want to be used

and other hardware required.




T7: Theoretical background about the system. Find the hypothesis and study

environment.

T8: Design concepts, modeling the system, design the block diagram and
find the design options.

~ T9: Writing the software. Draw the flowcharts, write the algorithms and the

code listing.

T10: Implementation then testing the system: the project will be tested and
implemented to insure that the system and user requirements levels are
achieved or not, to adjust the problems and errors in the system to maintain it,
then try to test and execute it again until it works in the best way.

T11: Reanalyze and re-implement the system if any thing goes wrong.

T12: Final Project and presentation: as a result the final project will be

implemented completely without any problem to meet the objectives.

T13: Writing the documentation: the writing begins from the first step to the

last one in parallel.

1.4.1 Timeline Chart:

The time chart shows all the project tasks, the duration of each task and

the concurrency between the tasks.




The following two tables show the timeline for the first semester table

1-1, and the second semester table 1-2

Table 1-1: Project Activity Bar Chart (First Semester)

wccki':f:weekz | week3 Dweekd  week S week 6 (week 10 week 11 week12 week 30 | week 11 | week 12 week 13  week 14 vieex 1
T1 —‘ | ‘ ' ’ ‘
T3 125 R SRR ) ,
T5 | [sanwniGoga e |
T6 | | | ’ |

Table 1-2: Project Activity Bar Chart (Second Semester)

weel(1 | weekZ  weekd | weekd | weekS | vieek6  week 10 week 11 |week 12 vieek 10 wieek 1l | wetk12 week 13 week1d | week!
18 | 53 | , ‘ ‘ |
79 - R TET TOEE ‘ R | |
TIO| | | ————————

As seen from both timeline that there are some dependency between
some tasks, such as the relation between the first two tasks (after looking at the
suitable project and deciding what to do then the problem understanding start).
And also there is a concurrency between the second and the third task
(Understand the problem and the project searching and analysis can be worked

simultaneously).




1.5 Estimated Cost and Budget Breakdown
The project need both of hardware equipments and software programs
that runs on the microcontroller, so all needed electronic components will be

purchased and the software programs will be taken from the university.

1) The Hardware Components cost: there are many electrical Chips and

equipments have to be provided.

Table 1-3:Tthe Project Hardware Cost

Components Number | Cost Total cost
PIC18F4520 1 1758 17.58%
7-Segment(2-digits) 12 3% 36 $
4x4 keypad(16 keys) 4 7% 28 $
Decoder 741847 24 1558 36 $
Encoder MM74C922 4 2.5 508
MUX 74LS153 2 1.5% 38
Buffer 741.S244 12 1558 18 %
Decoder 74L.S138 2 1§ 2%
MAX232 1 28 28
Serial Port Cable(9-pins) 1 2.5 258
Reset Switch 1 05% 05%
Capacitors 1uF 11 0.258% 2.75'$
Capacitors0.1uF 4 0.258% 18
Resistors (1500hm) 24 025§ 6%
Resistors (1-100)kohm 5 02589 1259
Diodes 2 18 2%
Transistors 2 1§ 28
Speaker 1 49 493




Bases 62 (1.25=1.5) % 87.58
Wire-rapping board I 1758 17.5%
Inverter 7404 1 058 0589
OR Gate 7432 1 0.58% 059
Total Cost 32058

2) Human Effort Cost

The system group consists of two undergraduate students:

Fatima Amwas

Muna Al Hanini

The group work five days at week and take 6$ per days so the

estimated work cost for each is 30$ per week and 1208 per month.

The total cost contains the hardware equipments, software programs

and human effort is approximately (1280.5$).

1.6 Project Risk Management

The project risk management to avoid the project from being suddenly
threatened by occurred risk\problem that might terminate the project, so by
studying the project from its all site the project came with some risk which can

be avoided in particular case.

There are three categories of risk which are:




. Project risk: the risks that affect the project schedule or resources which
are:
a) One or more essential hardware for the project will not be
delivered on schedule.

b) Delivering the project will be delayed.

. Product risk: the risks that affect the quality or performance of the
software and the hardware for the project which are:

a) Large number of requirements changed than anticipated

b) The ability to improve the system will be difficult.

c) The database size is underestimated.

To avoid these risks and managing them, the following was done:

. Looking in the market for the needed compoﬁents before starting the
project.

. Make a deal with the hospital in order not to give the project to other
group and not to buy it from other company until the project delivered
to them in the schedule time.

. Understand the project from all its different phases so no sudden
changes occurred.

Save the written works in more than one resources (Computer, flash

memory, Internet Email, and CD Rome)




1.7 Report Contents (Road map)

The following is a brief description of the topics that are covered in

each chapter.
Chapter 2: Theoretical Background

This chapter talks in more details about the basic component used in the
project, discuss the hypothesis, show the project integrity and theoretical
background about the system components.
Chapter 3: Project Conceptual Design

This chapter describes in details the design concepts, introduces project
objectives, shows the general block diagram of the system and explains how

the system will works, discuss design options and justify those chosen for the

project. Show how the system interacts with the surrounding environment.
Chapter 4: Detailed Technical Project Design

This chapter presents detailed description of the project phases, views
the subsystem design, shows the schematic diagram and discusses the user
system interface.

Chapter 5: Software

This chapter handles the software related to the system, depicts

flowcharts about system operation and the code listing.

10




Chapter Six: System Implementation and Testing

This chapter includes the implementation phases with the testing of
these phase. General hardware and software component are tested and shown
in this chapter.

Chapter Seven: Conclusion and Future Work

This chapter provides the conclusions, suggestion and developments for

future work.

11




Theoretical Background

2.1 Hypothesis, Hardware, and Software Related to the Project.
2.2 Project Integrity.

2.3 Theoretical Background about Project Components.
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Chapter Two
Theoretical Background

This chapter focuses on system requirements, theories that are related to

this system and components used in the system.

2.1 Hypothesis, Hardware, and Software Related to the Project

Hypotheses

After studying the project some modifications were added to the
project to make it an efficient system. The project is design to serve four clinics

in Al _Ahli Hospital as a test.

Hardware

The project requires an electronic devises such as the microcontroller,
interfacing ICs, and contain hardware devices such as the 7-segment display

and 4x4 keypad.

It also needs some interconnectivity ports such as the serial port

between the hospital network PC and the 7-segment display.

13




Software

The project needs some computer programs, data structures, and related
documentation in order to make the modeling, simulation, implementation, and

programming, and testing for the project.

The needed programming languages are:

e Clanguage: to programming PIC184520.

e Visual Basic language: to transfer data from hospital network computer
to 7-segment display. A bridge between these two hardwires is needed.
Visual Basic language which has the ability to send the data to the
serial port in the network computer then to seven-segment display

would do the job.

The documentation programs needed are:

e The Microsoft Office Package.
e The SmartDraw Program.

14




2.2 Project Integrity

The project is an integrated system that serves the clinic in the hospital
as a whole. The doctor will have a clear vision for the patients numbers by
providing him/her with two different displays one for the total number of
patients and other for the served number. The assistant nurse will have an easy
way to manage the patient's entrance by just pressing the suitable button on the
keypad. And the patients will have a comfortable way for waiting their order.
As a result the system will make the clinic of the hospital more desired for the
patients because it offers a developed, comfortable, easy and fair way of

patients serving.

This project is designed to be worked on four clinic as a test. In the
future it will be completed to conclude all the clinic rooms in Al Ahli hospital
which are twelve, the design for the 12 clinic is done in this project but the
implementation is done for four clinic as mentioned because of the high

components cost.

2.3 Theoretical Background about Project Components

The project has two inputs: first input comes from network PC in order
to display the patients' total number in the desired clinic on a small 7-segment

at the doctor room.

The second input comes from four 4x4 keypads, which is displayed on
large 7-segment above the entrance door as well as a small 7-segment and a

sound inside the clinic.

The basic unit is the controlling unit which controls all the system

functions.

15




The following sections will give an explanation of each component

(hardware device) that will be used in this system.

2.3.1 PIC 18F4520 Microcontroller

2.3.1.1 Introduction to Microcontroller

A controller is used to control some process or aspect of the
environment. At one time, controllers were built exclusively from logic
components, and were usually large, heavy boxes (before this, were the even
bigger, more complex analog). Later on, microprocessors were used and the
entire controller could fit on a small circuit board. This is still common —the
user can find many good controllers powered by one of the many common

microprocessors (including Intel 8088, Motorola 6809, and others).

As the process of miniaturization (small size) continued, all of the
components needed for a controller were built right onto one chip. A one chip
computer or microcontroller was born. A microcontroller is a high integrated
chip which includes, on one chip, all or most of the parts needed for a

controller. The microcontroller could be called a "one-chip solution". It

typically includes:

e CPU (central processing unit)
e RAM (Random Access Memory)

16




e EPROM/PROM/ROM (Erasable Programmable Read Only
Memory)

e I/O (input/output)
e DAC\ADC ports.

e Interrupt controller.

By only including the features specific to the task (control), cost is
relatively low. A typical microcontroller has bit manipulation instructions,
easy and direct access to /O (input/output), and quick and efficient interrupt
processing. Microcontrollers are a "one-chip solution" which drastically

reduces parts count and design costs.

kb, ot
.
o

Figure 2-1: PIC 18F4520 Microcontroller'”
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2.3.1.2 PIC 18F4520 Features:

e DC- 40 MHz Operating Frequency.

° 32K Program Memories (Bytes). :

° 16384 Program Memory (Instructions).

® 1536 Data Memory (Bytes).

° 256 Data EEPROM Memory (Bytes).

e 18 Interrupt Sources.

e A,B,C,D,EI/OPorts.

° Master Synchronous Serial Port (MSSP) module, Addressable

USART Serial Communications.

e Programmable Low Voltage Detect.

e Programmable Brown-out Reset.

e 75 Instruction Set.
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2.3.2 Keypad
2.3.2.1 Introduction

A keypad (or "numeric keypad") specifically refers to a set of buttons
similar to an alphanumeric keyboard that bears numbers and possibly other

mathematical features.

The keypad of a calculator contains the digits 0 through 9, together with
the four arithmetic operations, the decimal point and other more advanced

functions.

The term keypad can also refer to the part of a computer keyboard that
contains a calculator-style arrangement of buttons - many of them duplicating
existing keys on the main keyboard - allowing efficient entry of numerical data.
On most laptops, special function keys have to be depressed to turn part of the
alphabetical keyboard into a numerical keypad as there is insufficient space to
allow a keypad to be built into the laptop's chassis. Presumably because most
people are right-handed, the keypad part of a keyboard appears on the right
side of the keyboard. Separate plug-in keypads can be purchased.

By convention, the keys on calculator-style keypads are arranged such
that 123 are on the bottom row. In contrast, a telephone keypad has the 123
keys at the top. It also has buttons labeled * (star) and # (number sign, or
"hash") either side of the zero. Most of the keys also bear letters which have

had several auxiliary uses, such as remembering area codes or whole telephone

numbers.

19




A keypad can also refer to the series of numbered buttons, similar to a
telephone keypad, used as part of a combination lock. This is often used to

allow multiple entries to doors, such as that found at the main entrance to some

offices.

'Keypad' is a PIC based system for decoding switch matrix type
numeric keypads with up to 4 rows and columns. The keypad switch matrix is
read, and if a key is pressed, it is converted into an equivalent binary value (0-
Oth) for output. Full debounce logic is included to suppress mechanical switch

bounce effects.
Output can either be a 4-bit parallel word or a serial clocked output.

Both serial and parallel outputs support a "latching" pulse to drive external

interface timing.

2.3.2.2 4x4 Keypad

4x4 keypad, this is a standard device with 16 keys connected in a 4x4
matrix, giving the characters 0-9, A-D, * and # symbols.

Figure 2-3: 4x4 keypad”!

20




2.3.3 7-Segment Display

2.3.3.1 Introduction

One common requirement for many different digital devices is a
visual numeric display. Individual LEDs can of course display the binary
states of a set of latches or flip-flops. However, we're far more used to
thinking and dealing with decimal numbers. To this end, we want a display
of some kind that can clearly represent decimal numbers without any

requirement of translating binary to decimal.

This requires just seven LEDs (plus an eighth one for the decimal
point, if that is needed). A common technique is to use a shaped piece of
translucent plastic to operate as a specialized optical fiber, to distribute the
light from the LED evenly over a fixed bar shape. The seven bars are laid
out as a squared-off figure "8". The result is known as a 7-segment LED.

All 7-segment displays can be seen in a wide range of applications. Clocks,
watches, digital instruments, and many household appliances already have

such displays.

2.3.3.2 7-Segment Display Layout

The illustration to the right shows the basic layout of the segments in
a 7-segment display. The segments themselves are identified with lower-case
letters "a" through "g," with segment "a" at the top and then counting

clockwise. Segment "g" is the center bar.

21




Most 7-segment digits also include a decimal point ("dp"), and some
also include an extra triangle to turn the decimal point into a comma. This
improves readability of large numbers on a calculator, for example. The

decimal point is shown here op the right, but some display units put it on the

left, or have a decimal point on each side.

In addition, most displays are actually slanted a bit, making them
look as if they were in italics. This arrangement allows us to turn one digit
upside down and place it next to another, so that the two decimal points look
like a colon between the two digits. The technique is commonly used in LED
clock displays.

Figure 2-4: 7-Segment Display””’

There is no automatic advantage of the common-cathode 7-
segment unit over the common-anode version, or vice-versa. Each type

lends itself to certain applications, configurations, and logic families.

2.3.4 Serial Port

In computing, a serial port is a serial communication physical interface

through which information transfers in or out one bit at a time (contrast parallel
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port). Throughout most of the history of personal computers, data transfer
through serial ports connected the computer to devices such as terminals or

modems. Mice, keyboards, and other peripheral devices also connected in this

way.

In serial I/O technique, data can be transmitted as either current or
voltage, the commonly used standard is known as RS-232. This standard
governs the physical dimensions of the connectors, the number and

configuration of ports and several electrical parameters.

The Serial Port is harder to interface than the Parallel Port. In most
cases, any device you connect to the serial port will need the serial
transmission converted back to parallel so that it can be used. This can be done
using UART. On the software side of things, there are many more registers
that you have to attend to than one a Standard Parallel Port(SPP).

So what are the advantages of using serial data transfer rather than

parallel

e Serial cable can be longer than parallel cable. The serial port transmits
'1" as -3 to -25 volts and a '0' as +3 to +25 volts where as a parallel port
transmits a '0' as 0 V and a 'l' as 5V. Therefore the serial port can have
a maximum swing of 50V compared to the parallel port which has a
maximum swing of 5V. Therefore cable loss is not going to be as much

of a problem for serial cables than they are for parallel.

e Microcontrollers have proven to be quite popular recently. Many of
these have in built SCI (Serial Communication Interfaces) which can be
used to talk to the outside world. Serial Communication reduces the pin

count of these microcontrollers. Only two pins are commonly used,
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Transmit Data (TXD) and Recejve Data (RXD) compared with at least

8 pins if you use a 8 pit parallel method (also may require a Strobe).

2.3.5 MAX232

2.3.5.1 Introduction

The MAX232 is a dual driver/receiver that includes a capacitive voltage
generator to supply TIA/EIA-232-F voltage levels from a single 5-V supply.
Each receiver converts TIA/EIA-232-F inputs to 5-V TTL/CMOS levels. These
receivers have a typical threshold of 1.3 V, a typical hysteresis of 0.5 V, and
can accept (+/-) 30-V inputs. Each driver converts TTL/CMOS input levels
. into TIA/EIA-232-F levels.

2.3.5.2 Features

e Operates from a single +5V power supply with 1.0-uF charge-pump
capaci‘tors.

e Contain two transceivers.

e Operates up to 120 Kbit/s.

e Two drivers and two receivers

e (+/-) 30-V input levels.

e Low supply current...8 mA typical.
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2.3.5.3 Applications

e TIA/EIA-232-F.

° Battery-powered systems.
e Terminals.

e Modems.

e Computers.
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Figure 2-5: MAX232 pin'*

2.3.6 7447 Decoder

2.3.6.1 General Description

The 7447 decoder —- DM74LS47 decoder — is BCD to 7-segment

decoder/driver with open-collector outputs.

The 7447 decoder accepts four line of BCD (8421) input data, generates their
complements internally and decodes the data with seven AND/OR gates having
open-collector outputs to drive indicator segments directly. Each segment

output is guaranteed to sink 24 mA in the ON (LOW) state and withstand 15 V
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in the OFF (HIGH) state with g maximum leakage current of 250 pA.

Auxiliary inputs provided blanking, lamp test and cascadable zero-suppression
functions.

2.3.6.2 Features

e Open-collector outputs.
® Drive indicator segments directly.

e Lamp test input.
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Figure 2-6: 7447 Decoder Pin'”
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2.3.7 MM74C922 Encoder

2.3.7.1 General Description

The MM74C922 and MM74C923 CMOS key encoders provide all the
necessary logic to fully encode an array of SPST switches. The keyboard scan
can be implemented by either an external clock or external capacitor. These
encoders also have on-chip pull-up devices which permit switches with up to
50 kohm on resistance to be used. No diodes in the switch array are needed to
eliminate ghost switches. The internal debounce circuit needs only a single
external capacitor and can be defeated by omitting the capacitor. A Data
Available output goes to a high level when a valid keyboard entry has been
made. The Data Available output returns to a low level when the entered key is
released, even if another key is depressed. The Data Available will return high
to indicate acceptance of the new key after a normal debounce period; this two-
key roll-over is provided between any two switches. An internal register
remembers the last key pressed even after the key is released. The 3-STATE

outputs provide for easy expansion and bus operation and are LPTTL

compatible. .

2.3.7.2 Features

e 50 kohm maximum switch on resistance
e On or off chip clock

e  On-chip row puH—up devices

o 2 keyroll-over

« Keybounce elimination with single capacitor

o Last key register at outputs
 Wide supply range: 3V to 15V
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e Low power consumption
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Figure 2-7: 74922 Encoder Pin'"

2.3.8 74153 MUX

2.3.8.1 General Description

Each of these data selectors/multiplexers contains inverters and drivers to

supply fully complementary, on-chip, binary decoding data selection to the
AND-OR-invert gates. Separate strobe inputs are provided for each of the two

four-line sections.

2.3.8.2 Features

Permits multiplexing from N lines to 1 line

Performs parallel-to-serial conversion

Strobe (enable) line provided for cascading (N lines to n lines)
High fan-out, low-impedance, totem-pole outputs
Typical average propagation delay times

From data 11 ns |

From strobe 18 ns
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From select 20 ns

e Typical power dissipation 170 mW

Figure 2-8: 74153 Mux Pin!”
2.3.9 74138 Decoder

2.3.9.1 General Description

The 741.S138 decodes one-of-eight lines, based upon the conditions at
the three binary select inputs and the three enable inputs. Two active-low and
one active-high enable inputs reduce the need for external gates or inverters
when expanding. A 24-line decoder can be implemented with no external
inverters, and 32-line decoder requires only one inverter. An enable input can

be used as a data input for demultiplexing applications.

This decoder/demultiplexer features fully buffered inputs, presenting
only one normalized load to its driving circuit. All inputs are clamped with

high performance Schottky diodes to suppress line-ringing and simplify system

design.
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2.3.9.2 Features

e Designed specifically for high speed:Memory decoders Data
transmission systems,

3- to 8-line decoder incorporates 3 enable inputs to simplify cascading
and/or data reception.
e Low power dissipation . . . 23 mW type.

e Switching specifications guaranteed over full temperature and VCC
range.

e Typical propagation delay: 20 ns.
e Wide power supply range: 2V+6V.

e Low input current: 1 mA maximum.
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Figure 2-9: 74138 Decoder pin'”
3.10 74244 Buffer

2.3.10.1 General Description

The SN74LS244 is Octal Buffers and Line Driver designed to be
. . G U
employed as memory address driver, clock driver and bus-oriente

transmitter/receiver which provide improved PC board density.

30




2.3.10.2 Features

* Hysteresis at Inputs to Improve Noise Margins.

* 3-State Outputs Drive Bus Lineg or Buffer Memory Address Registers.
* Input Clamp Diodes Limit High-Speed Termination Effects.
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Figure 2-10: 74244 Buffer Pin!”!
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Chapter Three

Project Conceptual Design

3.1 Detailed Project Objective

The objectives of the project have been determined from the first place.

To understand the project objectives here is a detailed description for them.

The following are the objectives of the project:

i3

Create an organized way for the patient's entrance to the clinic. The
patient first register his/her name on the reception office from which the
registration number is a sequence number depending on the registered
patients, the patient take his/her registration number and wait in front of

the desired clinic until he/she see his/her number on the display.

Produce a sound attend patients for their turn. To prevent the noise that
occurs when calling the patient by his name. This objective rest the
nurse from calling the patient by his name many times until he/she

respond, it also allows a comfortable and quiet way for the whole

hospital environment.

Organize the patients order in a fair way. The sequence number for each

patient is unique so no two patients could have the same number, on the

other hand this numbers are ordered according to the patients’

reservation: the first one takes number one, the second takes the second

number and so on.
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4. Gi i
Give the doctor a clear Vision for the patient number, so he can et

his time to serve as much as he can. By supporting him with two

different displays one for the total number and other for the next patient
to be served.

>- Give the assistance an easy way to manage the patients’ entrance by
just pressing the suitable button on the keypad. The assistance could {
press one of the following buttons on the keypad:
a)  Next: order the next patient in order.
b) Back: to decrease the display number in case it increased by
mistake.
c)  Clear: to clear both displays and reset them to zero.
d) No answer: to store the no responding patient number in the
memory in order to be recalled later.
e) Recall no answer: when the doctor needs to recall no answer
patient the system allows the user to recall the no answering patient
by entering the number of him directly or restore it from the
memory.
f)  Enter: ensure the input key.
g)  Numeric keypad: to enter the exact number of the patient order
to enter the clinic room }
3.2 Design Options

This project has several design options, such as:

2) Using Microprocessor unit and memories.

3) Using microcontroller unit.
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' 1S project chooses the third option which is using microcontroller
unit (PIC18£4520) and the option of choosing PIC18F4520 refers to:

* High computational performance,

* Economical price.
* High endurance.

* Enhanced Flash program memory.

Special Features:

* C compiler optimized architecture: Optional extended instruction set designed

to optimize re-entrant code.

* 100,000 erase/write cycle Enhanced Flash program memory typical.
* 1,000,000 erase/write cycle Data EEPROM memory typical.

* Flash/Data EEPROM Retention: 100 years typical.

» Self-programmable under software control.

* Priority levels for interrupts.

» Wide operating voltage range: 2.0V to 5.5V.

Other components used in this project are available and easy to use.

3.3 Design Realization Approach

3.3.1 Implementation

Implementation of the system will not be performed until making sure

that every thing is working efficiently. After designing, simulation and testing

35




the project the Implementation stage start by connecting the system

components and interfacing them then programming the over all system.

3.3.2 Modeling

In order to understand the system clearly graphical representation is
made. There are many modeling graph one of them is relationship graph which

show the primary data objects to be processed by the system and the relations

between these objects.

The following figure 3-1 shows that the system has five objects with

their relations

fr Personal
Computer |
send data
: ; | Seven
. PIC '1 display data > Segment
crocontroller | display
\act.
I’,ai‘e
)
%
. \
o e R e Co
% & : B f
®\. | Keypad =S Pong |

Figure 3-1: System Relationship Modeling Diagram
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Figure 3-1: System Relationship Modeling Diagram
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To develop model for the information and functional domain at the
same time the Data Flow Diagram DFD is presented. The DFED is refined into
greater level of details and analyst. Figure 3-2 shows the data flow diagram.
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Figure 3-2: Data Flow Diagram

3.3.3 Simulation

Simulation used to make sure that the design is working efficiently

before implementing it, by using software programs to draw the design and

simulate its working.

The system schematic diagram has been built using Orcad Family

Release 9.2 in the Capture program.
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In the next chapter the simulation details will be explained.

3.4 Project Design Block Diagram

'Nnetwork PC

!

v

OutPut Unit
12-SevenSegments

'Ihp'ut'Unit ‘

_ 4-Keypads -—-ﬂé Microcontroller —

i

Sound

Figure3-3: General Block Diagram

This system consists of four physical modules (microcontroller,

keypad, 7-segment display, network PC and Sound Circuit ).

3.4.1 Network PC

This system should be provided from network PC. The PC connects to

the input port in microcontroller via max232 IC, this interfacing to change the

output voltage to +5volt instead of the 12 PC voltages. This part is the first
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i :
input in this system which comeg from hospital network PC in order to display
the patients' total number in the desireg clinic at the doctor room; display the

total patient number who wants to be served, this outputs on small seven-
segment display.

PIC18F4520
Microcontroller

f?,;ng'twork PC |  MAX232 Input Port

Figure 3-4: Interfacing the Network PC with the Microcontroller.

3.4.2 4x4Keypad

The 4x4 Keypad is connected to the input port in microcontroller via

74922 decoder as shown in figure 3-5.

This keypad is used in this system to manage the patients’ entrance by

just pressing the suitable button on the keypad.

. axa

5 »| PIC18F4520
- Keypads

= > Input Port == > Microcontroller

74922 = - 74153
| Encoders MUXs

Figure 3-5: Iﬁtelfacing the keypad with the Microcontroller.
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3.4.3 Small 7-Segment Display

This system use two small 7-segment displays, the first one is used to

display the patients' total number in the desired clinic at the doctor room,;
display the total patient number who wants to be served, this output comes
from network PC,

The second one is used to display the patient number - whose order is come to

entrance the room - for the doctor and the assistance, this output comes from

keypad.
These two 7-segment displays put in the clinic room.

The display is connected to the Microcontroller via7447 decoder, as

shown in Figure 3-6.

B | 4 ~ Small
. PIC18F4520 L§ 7158 gyl 74204 gy [ 7947 el Cegment
g Microcontroller ’ ;OutPorté Decoder Buffers ! Decoders | Disglays

Figure 3-6: Interfacing the Small 7-Segment Display

with the Microcontroller

3.4.4 Large 7-Segment Display

This large 7-segment display is used to display the patient number for
the patients in the reception, so as the patient hear a soft sound he look at the

display screen and check if his number appeared. This display is place above

the entrance door of clinic room.

The display is connected to the Microcontroller via7447 decoder, as

shown in figure3-7.
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Figure 3-7: Interfacing the large 7-Segment Display

with the Microcontroller.

4.5 Microcontroller (PIC1 8F4520)

This project use PIC18F4520 that is responsible for controlling and

- processing operations of the system. It performs the functions in the system.

3.5 Project Interaction with the Surrounding Environments

The system is not an independent entities, it exist in an environment
that interact with. This environment affects the functioning and performance of

the system.

The system environment for the project is other systems that might be
iﬁcorporation the hospital which are: the power supply system and the security
system; they are defined as a local environment. The people that interact with
the system may also be considered as a local environment. All other systems

that are outside the system location is an overall environment which are the

hospital building itself, the outside building and the town.
The study of the environment came as a result of two main reasons:

1. The system intends to make changes in the environment through

ordering the patient. The correct functioning of the system can therefore
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be assessed by the bresence of the patients and making a suitable place

for them in the Waiting room that enables them to see the display
clearly.

The functioning of the System can be affected by changes in its
environment difficult ways to predict. For example a virus to the
computer network may affect the system to work differently in

undesirable way, or power fail which may reset the system.

If the hospital environment is not properly understood, system may not
meet business needs and may bee rejected by the user and hospital manager.

These human and organization affect the system in the following manner:

Process change: the system requires changes to the work processes in
the environment. That is because the assistant and the register secretary will

take small training lessons in order to use the system.

Job changes: the system causes the user to change the way he work. As
what happen to the assistant instead of calling the patients she has just to press

some buttons.

Organizational changes: the assistant may lost her job because the
doctor can use the system easily with out affecting his main job. So the doctor

will take more power than he used to have.
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Chapter Four

- Detailed Technica] Project Design

4.1 Detailed Description of the Program Phases

The system goes through three main phases: the input, the processing

and the output. These phases are explained as the following:

4.1.1 The Input Phase

1)

2)

The system has two different inputs from two different places:

The first input comes from the serial port: the secretary who works on the
network computer opens the Clinics Table program, resets it and start to
register the patients in their order to the desired clinic. The data after that
goes to the Access database and then to the serial port in the PC. The
serial data then goes to the input of MAX232 which convert the input PC
into acceptable output to the PIC. The serial data enters the PIC through

the RX pin.

The second input comes from the assistant nurse: the nurse switch on the

system, reset the data by pressing clear button on the keypad then enter

the first patient number, the second, the third until all the patients been

served. The data form the keypad is taken through eight line _four rows
and other four columns_ to the inputs of the MM74C922 encoder. The

encoder outputs are then connecter to the PIC through four lines to portA

and one line to the interrupt pin 33.
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4.1.2 The Processing Phase

The main processing operations occurred in the microcontroller. This

system uses PIC 18F4520 Microcontroller. The data from the serial port are
come through pin 25 (TX) and pin26 (RX), this data are processed in order to

be shown on the desired small 7-segment display inside the clinics as the total
number for the patients.

The other data from the keypad are comes as input to the PIC through
four lines from portA (RAO, RAI, RA2, RA3) and four data available line to
three interrupts pins (INTO, INT1, INT2). Then the microcontroller processes
this data to show the particular patient in the large outside the clinic 7-segment
display and the small 7-segment display inside the doctor clinic.

4.1.3 The Output Phase

The output phase start from taking the data from the output port of the
PIC to the 7-segment displays.

There are three 7-segment displays in every clinic; two small 7-segment
displays inside the clinic one for displaying the total number and the other for
displaying the patient number, the third 7-segment display is a large one
hanged above the clinic door so the patients can see, it displays the number to
the patient who has the turn to enter the clinic. These 7-segment displays are
connected through by the 7447 decoder which take four output lines from the

one port and send seven output lines to the 7-segment display.
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4.2 Subsystem Detailed Design
4.2.1 The Serial Port to the PIC Interface Circuit

The serial port is connected to the PIC using the MAX232 as in the
following figure 4-1.
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Figure 4-1: The Serial port to the PIC Interface Circuit

4.2.2 The 7-segment Display to the PIC Interface Circuit

7-segment display connects to the PIC through the 7447decoder. The
decoder take four output line from one port in the PIC then send seven output
lines (A, B, C, D, E, F, and G) to the 7-segment display, since the 7-segment
displays two digits it needs two decoders with eight lines from the PIC output
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Figure 4-2: The 7-Segment Display to the PIC Interface Circuit

4.2.3 The Keypad to the PIC Interface Circuit

The system uses 4x4keypad which consists of four rows and four
columns. The most suitable encoder been used to interface the keypad with the

PIC was the MM74C922 which accepts eight inputs from the keypad and
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Figure4-3: The keypad to the PIC Interface Circuit

4.3 Over all System Design

The overall system design is described in the following schematic

diagram.
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4: Schematic Diagram See APPENDIX A
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4.4 User-System interface

The PIC communicates with a Network PC by receiving 8-bit
characters over an RS-232 line From the PC. A graphical user interface (GUI)

will allow a user to send the tota] number and the clinic ID as in figure 4-5

e —————————

QueuingTable ~  [E
HE 9 = _ Emegencytociinic | |

[ CiricsTable [ The sysem

! CliniclD Total_Number

s .
= 2]

w
<«©

B
Ny

Figure 4-5: The Queuing Table window

After the user made any change on the total clinic number he must click

on the save icon to confirm his change, as a result the data will move serially to

the PIC.

On the textbox the user must enter the clinic IC only in case of

emergency patients’ situation, in order to serve the patient as quickly as

possible.
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Wh
en the user click the clear button which clear the whole database a
warning massage box appears to worn him that this will clear the database and

according to the user choice the database will be cleared or not.

The following figure shows the message box that appears and the

window before and after clearing the data base.
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Figure 4-6: The Clearing Button Function
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Otber thing added to the GUI which is he system tab which has an

information about using the System. Also has a link to other window which
talks about the designers,

About the sysiem;
1-The top three icons are for dq

2-The Emergency text box is fa

whhen pressed 00 number |
TR ki e saordic PPU Graduated Project
to the desired clinic. Done By:
Fatima Manasra and Mona Al_hanini
4-The clear button is for deletir|
the day.
For more info. contact us at:
About us

Fatima Manasra@yahoo.com

Figure 4-7: The System Tab and about us Window
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Chapter Five
Software System Design

This chapter describes the basic program we used to program our PIC

"MPLAB IDE". It also contains the general psudocode, flowcharts of the

programs,
algorithms.

algorithms used in the system and the general programming

5.1 MPLAB IDE

MPLAB IDE is a software program that runs on a PC to develop
applicatiohs for Microchip microcontrollers. It is called an Integrated
Development Environment, or IDE, because it provides a single integrated

"environment" to develop code for embedded microcontrollers.

5.1.1 MPLAB's Language Tools

Language tools are programs such as cross-assemblers and cross-

compilers.

Most people are familiar with language tools that run on a PC such as
r C compilers. When using language tools for embedded

" or "cross-compiler" is used. These tools differ

Visual Basic o

systems, a "cross-assembler

from typical compilers in that they run on a PC but produce code to run on

o >
- ode for a microcontroller
i they "cross compile" ¢
another microprocessor, hence

. i -om the PC.
that uses an entirely different set of instructions from
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correlate the machine instructiong and memory locations with the source code.
This bit of integration allows the MPLAB editor to set breakpoints, allows

watch windows to view variable contents, and lets you single step through the
source code, watching the application execute,

MPLAB IDE supports many language toolsuites. Integrated into
MPLAB IDE is the Microchip MPASM Toolsuite, but many others can be
used, including the Microchip C17, C18 and C30 Toolsuites, as well as
language tools from HI-TECH, IAR, CCS, microEngineering Labs and Byte
Craft. These are integrated into MPLAB IDE in two ways: using "plug ins"
designed by the manufacturer, and by older style ".MTC" files that can be

customized for any language toolsuite.

- 5.1.2 Application Debugging and Programming

There are two types of hardware that can be used with MPLAB IDE:
programmers and hardware debuggers. A programmer simply transfers the
machine code from the PC into the internal memory of the target

microcontroller. The microcontroller can then be plugged into the application

and, hopefully, it will run as designed.

5.2 System Software Flowcharts

These flowcharts shows the functions of the programs and algorithms
written to make the system work
an algorithm written to show the

are joined to control the overall b

properly, for each part of the system there is
function of its’ parts and all these algorithms

ehavior of the system.
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5.2.1 Main program flowcharts

These flowcharts describe how the basic program should work. Their is
two main algorithm.

The first one for connecting the network PC with the PIC to display the
total patients' number on the smal] 7-segments inside the clinic or to display

“00” on the large 7-segments outside the clinic in case of emergency situation.

As seen from the flowchart bellow all the 7-segments are set to zero
when the system start then as the number of the patients increase in each clinic
the number on the 7-segment for the clinic increase.

When ever an emergency situation happened _ patient whose situation is in
danger and can’t wait; the system will send “00” on the large 7-segments
outside the indicated clinic. The system constantly checks if there is any
- changes on the total patients’ number to inform the doctor about all the

changes.
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Figure 5-1: The First General Flowchart "Connecting the Network PC with

the PIC"
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The second flowchart is for connecting the keypads and the 7-segments
together using the PIC.

This flowchart shows that the PIC continuously checks the keypads in

order to identify the pressed key, and then identify the clinic and the operation

of the pressed key.
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Figure 5-2: The Second General Flowchart ""Connecting the 7-Segments
with the Keypads I
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5.2.2 USART Flowchart

The USART is i
. a:tsed In order to connect the network PC with the PIC
i shows that in order to transmit data from the PC .th
r S
st configured correctly, then make sure that the USART isn’t
isn’

busy if so the data wi
a will be send and after transm ine ol
must be closed. g all the data the USART

5.3: T ransmission Flowchart
From Network PC to PIC”

Figure
“Transmit Data
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Figure 5.4: Receiving Flowchart
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5.2.3 The keypad Flowchart

The system scans four keypads continuously. As one key pressed the

program identify from which clinic it come and what operation should perform.

The number from the keypad will be shown into a large 7-segment outside the
clinic and a small one inside the clinic at the same time.
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> numberin |
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The Keypad Flowchart

Figure 5.5:
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5.3 Algorithms and Pseudocoge |

5.3.1 The main program algorithm: |

Void main (void)

{

While (system is on)
{
Configure the PIC

Set all the 7-segments to zero;
Keypad 7-segment (); !

PC_Serial();

5.3.2 The keypad and the 7-Segment ()

Every key in the keypad is programmed to perform a special function as |

in the following pseudocode.

Void keypad_7-segment () i
{
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Check the input from the keypad:
Identify the clinic from which the key was pressed:

If input >=00 AND input <=99 thep
{

Display the patient number on the inside 7-segment display;
Display the patient number on the outside 7-segment display;

}
Else

If input=clear then
{
Reset the number;
Display two zeros on the inside 7-segment display;
Display two zeros on the outside 7-segment display;
Clear the memory;

f
Else

If input=NEXT then
{

Increment the patient number;

Display patient number on the inside 7-segment display;
Display patient number on the outside 7-segment display;

}

If input=BACK then
{

Decrement the patient number; .
Display patient number on the inside 7-segment display;
Display patient number on the outside 7-seg1ﬁent display;
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If input=NOANSWER then
{

Save the patient number in the memory;

Increment the patient number;

Display patient number on the inside 7-segment display;
Display patient number on the outside 7-segment display;

If input=RECALL then
{
Restore the patient number from the memory;
Display patient number on the inside 7-segment display;
Display patient number on the outside 7-segment display;
Play sound; // Ding Dong sound

5.3.3 Network PC and the PIC Serially Connection

In order to create the connection between the network PC and the PIC

the network PC must program to send data and the PIC to receive data. So

there is two code side as following:

Void PC_Serial()

{
Void Sender_side()

{
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Configure the USART
Open USARTY();

Busy USART(); / While busy do nothing
Send data();

}

Void Receiver_side()

Configure the USART
Open USART();
Busy USART(); // While busy do nothing

Receive data();

If total -no= 0 then

display Emergency(clinicID,total);
Else

display_total(clinicID,total);

5.3.4 The Display Functions

There is two display function, the first is to display the total number on

the inside 7-segment only and the second is to display zero in case if

insi ide 7-segment.
emergency patient situation on both inside and outside 7-segm

Void display_total(int clinicID,int total)
{ v
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Identify the clinic;

Show the total number on the small 7-segment inside the

}

clinic;

Void display_Emergency(int clinicID,int total)
{
Identify the clinic;

Save the previous number;

Show the zero on the small 7-segment inside the clinic and the large 7-

segmentoutside the clinic;

}

5.4 Code Listing

In order to see the whole code refer to appendix B.
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System Implementation and Testing

6.1 Implementation

6.2 Component testing

6.3 Subsystem Testing

6.4 System Software Testing
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Chapter Six

System Implementation and Testing

Preface

To build a successful project, drawing the whole schematic of the
project is needed, then begin with building and testing each circuit individually

and finally connect these circuits together to perform the desired result of the

project.

In the hardware work, testing is considered to be the most important
phase and crucial step in implementing a system. Testing must be applied in
away that makes it easy to perform, and can detect error directly. So after
finishing the design of the system, and drawing the system schematic, the next
step was to test it. At the beginning tested each chip individually, (as shown
below).

This system has more than one issue to be tested. Some testing parts
reflect a software, hardware .Also, testing procedures concenirate on a single
device independent from the over whole system.

So, in this project first began fto implement project circuits using
breadboard and after testing each ci

then go to implemented it wire rapping €O

rcuit and insure that the output as desired,

nnection.
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6.1 Implementation

6.1.1 Building Clock and Reset Circuit

As an e i : :
ssential step is to build The Clock and Reset circuits for the

PIC system, then connected the PIC to the other components

100k

PIC18F4520

MCLR/VPP/RE3

O—7>— RAO/ANO
O——>— RA1/AN1

O——=— RA2/AN2/Vref/CVref

RA3/AN3Vref
RA4/TDCKI/C10UT
RAS5/AN4/SS/HLVDIN/C20UT

REO/RD/ANS
RE1/WR/AN6
RE2/CS/AN7
RCO/T10SO/T13CKI
RC1/T10S1/CCP2
RC2/CCP1/P1A
RC3/ SCK/ SCL

b OSC1/CLKI/RA7
b OSC2/CLKO/RAE

Vvdd

VDD

S

(3

Figu

RB7/KB13/PGD
RB6/KB12/PGC
RBS5/KB11/PGM
RB4/KB10/AN 11
RB3/AN9/CCP2
RB2/INT2/AN8
RB1/INT1/AN10
RBO/INTO/FLTO/AN12

RD7/PSP7/P1D
RD6/PSP&/P1C
RD5/PSPS/P1B

RD4/PSP4

RC7/RX/IDT
RC6/TX/CK

RC5/SDO
RC4/SDI/SDA

RD3/PSP3
RD2/PSP2
RD1/PSP1
RDO/PSPO

(2] ]
=2
Nq
- ™
=0

7l

re 6-1: Clock and Reset Circuit




6.1 Implementation

6.1.1 Buﬂding Clock and Dasnt o

A

172}

A ARl i
1l eSsential Step i ¢ 1

PIC system, then connected the Pik

—_T O—y
Nt P 1k ;
= ¢ \
S
AN — ] 8L

100K

C10UT

KB10/AN11
RB3/ANS/CCP2

RBZINT2ZANS

wlw
IS

(%)
G| R[S

|

1

4

LVDIN/C20UT RBA/INT1/AN10
| REWINTO/FLTO/AN12
| ‘ D/ANS

{11 RIANE RD7/PSP7/P1D
[ 1] /CSIANT RDE/PSPS/P1C
[ 1] 10SO/T13CKI RD5/PSP5/P1B
| RCUTIOSICCP2 RD4/PSP4
| =57 RC2CCP1IPIA
| | | ©—— Rca scK/scL
| OSC2CLKOIRASS
OSC1/CLKI/RA7
RCE/TXCK
| RCS5/SDO
RC7/RXDT RCA4/SDI/SDA
> 1l = RD3/PSP3
Vdd RD2/PSP2
RD1/PSP1
A __1_ 1 oo RDO/PSPO
s ik \
= = 0y
: ¢ &
‘J{ b=
e
=0

Figure 6-2: Serial Port Circuit with PIC

5.1.3 Building sound Circuit

This system includes soun
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6.1.2 Building the Serial Port (pC Interface) Circuit with P1C

Interfacing this System with the PC needed Serial port cable and
MAX232.After that, Visual Basic.Net was chosen to make program for

sending data from PC through cable to the PIC to output this data on 7-
segments.

|
.
|
I
I
[E> i
|
1* PIC18F4520 i
|
|
1

MCLR/VPPIRES W :
2 RBT/KBI3IPGD 30— ;
O—%- RAO/AND RBE/KBI2/PGC [35—0 i
13 12 O] RAtANY RBS/KB11/PGM [~=—0 !

+{ RIIN  RIOUT (¢ O—2- RAYAN2IVref /CVref RBA/KBIO/ANT1 -3-—0

D—— R2N  R20UT —D T—z RAJ/AN3Vref RBYANS/CCP2 |52—0
11 x| 4, T—— RA4/TDCKI/C10UT RB2INT2ZANS [53—0 |
PIN3 707 TN TIOUT -5 G— RAS/AN4/SSIHLVDIN/C20UT RBUINTIAN10 |53~ i
—— O—— T2IN  T20UT[—C 8 RB/INTOFLTO/ANT2 0 |
= 1uF e O—g{ REQ/RD/ANS 5 !
PIN4 1+ GNDf—— O—o-| REVWRIANG RD7/PSPTIP1D (55— |
= I“F-r:-l 27 1 = C—5| REZCSIANT RDB/PSPE/PIC —55—0 |
(0] 2P c2+ = C—2- RCOTIOSOM13CKI RDS/PSPSIP1B [—5—0 {
o c2 oy o—2 REHTIOSICCP2 RD4IPSP4 21— i
- PING v+ vee T—& RC2ICCPIPIA i
= C_>— A T—= RC¥ SCK/ SCL : !
SHie e L OSC2CLKOIRAGS12—T ;
A4 e = OSC1/CLKI/RA7¢——0 i’
— RCETXCK 4 !
=0 O | [ ;ing RCS/SDO [0 I
= = 2 | Rc7RXDT RCA4/SDIISDA F22—0 ;
52 '

2 > o T~ IWF RO3/PSP3 220
o PINS S 7 RD2PSP2 21— ;
RD1/PSP1 TD |
o = é 11 vop RDO/PSPO [——0 |
/ PIN2 = 0 [ o ;
0 . 2 4 i
0 Lt |
s |

b

!
_—ﬁ_ |
=0 |
|

Figure 6-2: Serial Port Circuit with PIC

6.1.3 Building sound Circuit

d circuit connected to the PIC with one pin. |

This system includes soun
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0 PIC18F452(
| MCLRIVPPIRES p
2 RB7/KB13/PGD [-40_q
B—3| RAUANO RBG/KB12/PGE -39 _o Solnd -
O— RATIAN1 RBS/KBi1pey [ 32g z oun v
O—2—1 RA2AN2/Vref /CVref RB4/KB10/AN11 550 O ercuit
O—5~1 RAJ/AN3Vref RBIANS/CCP2 |21
O—— RA4/TDCKI/C10UT RBINT2/ANS [ i1
O—— RAS/AN4/SS/HLVDIN/C20UT RB1/INTH/AN10 (3o D285213123
5 RBO/INTO/FLTO/AN12 335
O—g-1 REO/RD/ANS o 10k DIODE
D—5-{ REVWR/ANG RO7/PSP7/P1D 300 Q4 [
O—13+ RE2CSIANT S _WV_‘“K PNP BCE
D1_5 RCO/T10SO/T13CKI RDS/PSP5IP1B TD SPEAKER
O—-| RC1TI0SIICCP2 RD4/PSP4 (-2 g b
757] RC2CCP1/PIA % S6onz
D—"- RC3/ SCK/ SCL RC7TRXDT F2—n
o8} oscHrcLimar RCEMXCK 25— =
0—-> 0SC2/CLKO/RAG 2 o
RCS/SDO [0
RC4/SDI/SDA F==—0 10k duff)i
D285213124
RO3PSP3 22 o /E
32 | v RD2/PSP2 (570 Kt
RD1/PSP1 TD _L
1 f vop RDO/PSPO [——0 L DIODE =
=0 0
(2 B
w0 wn
=
t
=0

Figure 6-3: Sound Circuit with PIC

6.2 Component Testing

Aft jval the chips that are needed for the project, test for them
er arri

i i th

chips done after connecting it to breadboard.

6.2.1 Keypad Testing

in
connected on breadboard as shown
S

To test this chip, it wa four Leds, and VCC

i 22Encoder,
figure(6-4). This circuit contain keypad, 749

0 W y ircui r turn on the power
pl comnected to the circuit. After tu
and GND from power sup

y y is pressed one
W 1S I i y f the keys 1S press

i it 18 ead for testing. When any 0

pply the circuit no

Led or more are turns on.
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1 74922 Encoder !

L L T

""" 7
e NI !
[Pedslis=i===5
——————— '--'__--—-1
jF= - Inverter |
- |
-4 GN '}
e S e
_______ C Ly
e padi- ==~ .
R :_ Canacitors

Figure 6-4: Keypad Testing

6.2.2 7-Segment Testing

To test this chip, it was connected on the breadboard as show in
figure(6-5). This circuit contain 7-Segment, two 7447Decoder, VCC , GND

from power supply, and 8-wires. After turn on the power supply the circuit

now is ready for testing. When connecting some of wires -that are outputs of

7447Decoder- on VCC and others on GND number is display on 7-Segment,

and by changing the places of these wires the 7-Segment display different

numbers.
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7447

6.2.3 Sound Testing

To test this chip, it was connected on the breadboard as show in the
circuit in figure (6-3). This circuit contains speaker, resistors, capacitor, and

two diodes, two transistors VCC, and GND from power supply. After turn on

the power supply the circuit now is ready for testing and the sound is audible

from the speaker.

6.2.4 MAX232 Testing
nnected with capacitors, VCC, and GND as |

1S chi 5 it was co 5
To test thi P ntering a specific voltage

ol S dom? o ir results on digital multi-
level to one of the transceivers and then watching their results on dig

i ing results:
meter. The following table contains the testing ,
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Table 6-].- ReSults

[ Input Pin #

Output P

11 or 10

14 or 7(respectively)

in # Inpu t

130r8

12 or 9(reSpectively)

Pin Voltage
V)

of the MAX232 Circuit

V)

54

10

10

5

')t}}?uf c:
o5 F
=+

k=

i
o]

.
(o1 B8 'a-_ ‘
BYTD 1Y

; Ol voivagrpoustee

3
J
1%
< wlz
b e R Y

P
Wt b

G ey

i« WOLTAGE WENTIR

f w1

TILCM2S
PUTS

{18
Nz

PN
£

e

o< L

40405

-+ 3’7’%
40

Rlagsr "] Plig

Ty Tiews | 1

L5
¢ cumpuTs

TN <
QUTFYTS

i

5\ R

9532:.' 1 Ry

i

X

e
a0 =

1%

Figure 6-6: MAX232 Circuit B3

6.3 Subsystem Testing

In this phase each individual cir

was tested and the result as following:
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6.3.1 Testing PIC and Keypaq Circuit

output data. The program worked correctly and the PIC programmed with thi
is

code, and by using digital multi-meter the results watched -after pressing any

key- on the output pins of the 74922Encoder and these results are either Ovolt

or Svolt according to which key is pressed. The result of pressing keys are

shown on 8 lids connected to portD.
The Code for this circuit is:

Void main (void)

{
TRISA=0b11111111;
TRISD=0b00000000;
ADCONI1=15;
PORTD=PORTA;

}

7/




2 PIC18F4520

00k !
MCLRIVPP/RE3 ©
2 RB7/KBIVPGD (30
37] RAD/ANO RBS/KBIZIPGC [-35—0)
RA1/AN1 RBS/KB11/PGM —55—0
RA2AN2Viet/Cvret RBA/KBIO/AN11 =320
RAJ/AN3Vret RBYANG/CCP2 [=e—0
RA4/TDCKI/C10UT RBINT2ANG 30
RAS/AN/SSIHLVDIN/C20UT RBI1/INTI/AN10 [=2—0
8 RBO/INTOFLTOAN1 2 20
REO/RD/ANS 2
RE1/WR/ANG RD7/PSP7/PID (-35—0
RE2/CSIANT RO&/PSPE/PIC Hom—0
RCOTI0S0/T13CK: ROSPSPS/PIB E—0
RC1T10SIICCP2 RD4/PSP4 H—0
RC2CCPI/P1A
RC¥ SCK/ SCL
'§. RC7/RXDT 2o
g RCEMXCK 20
= 3 | 24 1
X OSC1/CLKI/RA? RC&SDO 550 1
bt G———p OSCCLKO/RAS RC4/SDIISDA =0 prd
@ RO¥PSP3 (22 2
0 21 Vad RD2PSP2 _m—[—ﬂ_—
. RD1/PSP{ (e N
VDD RDO/PSPO >
0.1uf i U13A %
e 2w T
-0

§

Figure 6-7: Keypad Circuit with PIC

6.3.2 Testing PIC and 7-Segment Circuit

This circuit was tested after connecting it on breadboard as shown in
I Programming
the schematic diagram in figure (6-8). A code was written by C Progr

Language to enable the 7-Segment to display number.

F . . . . 7
i ( )

Segment.
The code for this circuit is:

Void main (void)

{
TRISA=0b11111111;
TRISD=0b00000000;
ADCON1=15;
PORTD=PORTA,;
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Figure 6-8: 7-Segment Circuit with PIC

6.3.3 Testing PIC and Sound Circuit

ing i in
This circuit was tested after connecting it on breadboard as shown

1 amming
the ‘schematic diagram in figure(6-3). A code was written by C Progr:

i d'ble tO

human.

The code for this circuit 1s:

void sound(void)

{

PWM(1);

Delayl KTCYx(100);
PWM(S);

Delayl KTCYx(100);
CCP1CON=0b00000000;
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}
void PWM(unsigned char )

{
CCP1CON=0b00001111;

T2CONDbits. TMR20N = 1:
T2CONDbits. T2OUTPS3 = I
T2CONDbits. T2OUTPS2 =1
T2CONDbits. T2OUTPS1 = 0;
T2CONDbits. T2OUTPSO0 = 0;
T2CONDbits. T2CKPS1 =0;
T2CONDbits. T2CKPS1 =0;

RROA= 255%

TRISCbits. TRISC2=0;
T2CONbits. TMR20ON = 1;
CCPRIL = 5%*i;

}

6.3.4 Testing PIC with Serial Port (PC Interface) Circuit

This circuit was tested after connecting it on breadboard as shown 1n

the schematic diagram in figure (6-2). A code was written by C Progre}llrinrzlilg
Language to enable the PIC to receive data from serial port and output this da

The function for the PIC is:

void USARTResieving ()
{
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int counter=0;

int TotalPatientNo;

int clinicID;

OpenUSART

(USART_TX INT OFF & USART_RX_INT_OFF &

USART_ASYNCH_MODE & USART_EIGHT BIT & USART CONT RX
& USART_BRGH_LOW,77); e

while(!counter)
{
while (BusyUSART()); //do nothing
clinicID=ReadUSART();
PORTE=clinicID;
Icounter; |

}/while

while (BusyUSART()); //do nothing

TotalPatientNo=ReadUSART();
if (TotalPatientNo==0)

{
PORTRBbits.RB7=1; //enable the small 7-segments

switch(clinicID)

{
case( 0x00): /Enable the 1st 7-segment
PORTEbitS.REO=0;

PORTEDits.RE1=0;
PORTEDits.RE2=0;

case( 0x01): //Choosing the second clinic
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//Enable the 2nd 7-segment
PORTEbits.REO=1 :
PORTEbits.RE1=1 ]
PORTEbits.RE2=0;

case(0x02): //Choosing the third clinjc |

PORTEbits REO=1;
PORTEbits.RE1=0;
PORTEDbits RE2=1; |

case(0x03)://Choosing the fourth clinic
PORTEDits.RE0=1;
PORTEbits.RE1=1;
PORTEDbits.RE2=1;

if (TotalPatientNo==0)DisplayEmergency();
DisplayTotal(TotalPatientNo);

}/switch :
CloseUSART(); !
| |
}

6.3.5 Testing One Clinic Design

clinic design. Figure 6-9 shows the

n oné k
The sybte™ i o shows the implementation on the
g on

schematic diagram and the followin |

breadboard.
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Figure6-9: One Clinic Design

83 |




Figure 6-10: One Clinic Implementation

The code for testing one clinic is as following.

#include<p18f4520.h>
#include<portb.h>
#include <pwm.h>
#include <timers.h>

#include <delays.h>

void DiplayKeyPressed(int);
void arrayputNoAnswer(int);
void arraygetRecall(void);

int Input, first,second,number;
int Input;

int flag=0;
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int Arraykeys1[20];
int Arin=0;
int Arout=0;

int.1;

#pragma interrupt aa
void aa(void)

{

if(PORTBDbits.RBO==1){
Input=PORTA & 0B00001111;
TRISD=00;
ADCONI1=15;
TRISA=0b00001111;
if (Input>=0 & & Input<=2){
if(flag==1)
{
second=Input;
first=first<<4;
number= first + second +1;
PORTD=number;

Hlag;

}

if(flag == 0)
{
first=Input;
++flag;
DelaylKTCYx(1);
number= first +1;

PORTD=number;

85




}
V/if (Input>=0 && Input<=2)

if (Input>=4 && Input<=6){

if(flag==1)
{
second=Input;
first=first<<4;
number= first + second;
PORTD=number;
++flag;
}
if(flag==0)
{
first=Input;
+Hlag;
Delayl KTCYx(1);
number= first;
PORTD=number;

}
YAf (nput>=4 && Input<=6)

if (Input>=8 && Input<=10){
if(flag==1)
{
second=Input;
first=first<<4;
number= first + second -1;

PORTD=number;
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++flag;

if(flag == 0)
{
first=Input;
++flag;
DelaylKTCYx(1);
number= first -1;
PORTD=number;

}
V/if (Input>=8 && Input<=10)

if (flag==2)flag=0;

if(Input==15) {++number;PORTD=number; }//NEXT

if(Input==14) {--number;PORTD=number; }//BACK
if(Input==11)arrayputNoAnswer(number),//NO ANSWER
if(Input==7)arraygetRecall(); /RECALL
if(Input==3){PORTD=0b00000000;for(i=03i<20;++)Arraykeys1[i]=0; }//CLE
AR

if(Input==12) {if (ﬂag==0)PORTD=ﬁrst;PORTD=number;} //ENTER

}/if(PORTBbits.RB0==1)
}//Interrupt
#pragma code high vector=0x08

void high vector (void)

{ _asm goto aa _endasm }
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#pragma code

void main(void)

{

INTCON = 0b10010000;
INTCON3=0B0011100;
ADCONI1=15;

}

void arrayputNoAnswer(int KeyArray)

{
//Saving in The first clinic Array

if(Arin<18)

{
Arraykeysl[Arin]=KeyArray;

++Arin;
} i
}

void arraygetRecall()

{
//Recalling The first clinic Array data

int KeyArray;

if(Arout<18)

{
KeyArray=Arraykeys]

[ Arout];
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PORTD=KeyArray:;
//DelaylKTCYx(1);
++Arout;

}

}

6.4 System Software Testing

The software that controls the system was tested alone without
hardware by using PIC18 Simulator IDE. This process was done to be sure that

the problems generated are only software problems.

To see the system software refers to appendix B.
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Conclusions and Future Work

7.3 Future Works
7.2 Problems

7.1 Conclusions
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Chapter Seyen

Conclusions and Futyre Work

This chapter introduces some significant points about the way of

continuing do more and more in the field of the system concepts or tools. Also
it represents the conclusions extracted during designing and implementing it

The chapter illustrates the system implementation achievements and output

7.1 Conclusions

Many conclusions can be stated here, but only significant and important

ones are described here:

**This project challenged us as engineers and it was very demanding as the
team spent 30-40 hours a week in the university lab working on this project in
the last month. We learned a lot and used everything we had Jearned in our

classes to solve the problems and come up with solutions to make this system

work.

**In This project, we've navigated through many experiences that we've never

gone through before. We've learned differe
. . de

especially the way of thinking and how to

nt approaches and experiences,

velop an approach to solve

problems.

and solved in the

arned how to trace the different signals
i w to use different

! faced
**There were different problems fhataweve

implementation phase in which we
step by step, chip by chip, and modu

tools and utilities.

Je by module, and bo
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¥*For programming thePIC18f4520 microcontro]]
er,

: we used
program with MPLAB ICD?2 debugging e sed MPLAB IDE
1

ng device,

**The microcontroller can be brogrammed in different languages using
MPLAB IDE. The language we used is C go all programs are written in C

‘ **Each device was tested individually in its own circuit to study its behavior

and make sure it works properly and can do its expected job.

**The subsystems we defined were implemented each in its own circuit and

tested by means of Hardware and Software.

**In the next testing stage two or more subsystems were combined together to

check the influence of their outputs on each other.

*#Then the whole system will be upgraded to check its work and test the

complete system program on it.

7.2 Problems

As we go on the project a new problems appears and new way of

thinking comes to solve any obstacle try to stop the program.

7.2.1 Hardware Problems

g a problem itself, It led to the need of many

y using the decoders

The size of the project W@
ports from the PIC so we use Port
h

and the muxes. It also leads t0 hig

expansion techniques b

cost and less availability-
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7.2.2 Software problems:

Those enforce us to change a written program Mmany times. The first coq
; : rs
wrote was about 1024 line for the keypads and the 7 segments on] Sl
i s only, now we

come up with 318 line that perform the same function more efficiently

**Dealing with portB interrupt was not that easy. We are forced to learn every

thing about the interrupt registers and how to configure it.

**The serial programming also faced many problems that comes to an end.

7.3 Future Works

**This project will be complete to conclude all the clinic rooms in

Al_Ahli hospital.

** Companies, banks and institutions may be using this system.
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Apendix B

The keypads and the 7-segments code

#include<p18 F4520Th>
#include<portb A

int Input, first, second, number:
jnt Input;
int flag=0;

wid Display (void);
void NoAnswer (int) ;
yoid Recall (void) ;

int Arraykeys1[20];
int Arraykeys2[20];
int Arraykeys3[20];
int Arraykeys4([20];
int ClinicID;

int Arin=0;

int Arout=0;

int j_;

fpragma interrupt aa
void aa(void)

{

1£ (PORTBD1 5. RBO==1) { . //Choosing the FIRST clinic

CclinicID=1;
PORTAbits.RA4=0;

PORTAbits.RA5=O;

PORTAbitS _RA6=07

; S
TAblts.RA7 ; :
P?iput=PORTA & 0B00001111,

Display()f i
}//if(PORTBblts.RBO 1)

SECOND clinic

. ; . 4
lf(PORTBbits _RB1==1) { //Choosj_n(.; €
ClinicIDfZ,




PORTAbltS S RA6=1;
PORTAbits.Rp7=(,
Input=pPORTA & g

. B00001111;
Display(); =

}//if(PORTBbits.RB1==1

¢(PORTBbits.RB2==1) { //Choosing the THIRD clliniic
j PORTAbits.RA4=0;
PORTAbits.RA5=1;
PORTAbits.RA6=0;
PORTAbits.RA7=1;

Input=PORTA & 0B00001111;

if (Input==0)
{ //Choosing the FOURTH clinic
ClinicID=4;

PORTAbits.RA4=1;
PORTAbits.RAS=1;
PORTAbits.RA6=1;
PORTAbits.RAT=1;

Input=PORTA & 0B00001111;
‘Display();
}

clinicID=3;
Display ()’

M/if(PORTBbits.RB3==1)
}//Interrupt

= 8
tpragma code high_Ve?tor 0x0
void high vector (void)

_asm goto aa _endasm !
#pragma code

Void main (void)

{

INTCON = 0b10010000;
INTCON3=0B0011100;



\=0p00001111;

x**DISPLAY FUNCTION*******/

4 Display (void)

- (Input==13) PORTD=0b00000000;

'ﬁ‘Input>=O && Input<=2) {

SRRl == 1)

{

second=Input;

sEaaisE=ifd rsit<<d;

number= first + second +1;
PORTD=number;

sound () ;

++flag;

}

if (flag == 0)

{ .
first=Input;
++flag;
DelaylKTICYx(1);
number= first SRALE
PORTD=number;
sound () 7

} =
W/t (Input>=0 && Input<=2)

Lf (Input>=4 && Input<=6){

if (flag == 1)
{

secondslnput;4.
e S Er R R
number= first *

pORTD=numper

sound ( ) 7
++flags

}
ey =

{



firSt=Input;
++flag;
DelaleTCYx(l)
R Cs s
PORT D=number;
sound () ;
}

.
4

4 && Input<=6 )

(Input>=8 && Input<=10)

b i (EleE ==

{

second=Input;
first=first<<4;

number= first + second -1;
PORTD=number;

sound () ;

++flag;

} .

if(flag == 0)

{

first=Input;
++flags
DelaylKTCYx(1):
number= first -1;
PORTD=number;
sound() 7

}//if (Input>=8 && Input<=10)

if (flag==2) flag=0;
r;}//NEXT
B (Toput——15) (++number; PORTD=0URDEX }

;}//BRCK
; uﬁPUt==14){--number;PORTD=number

' . //NO ZNSWER
:’”hput==11)NoAnswer(number),// :

’ CALL
1 (Input==7)Recall () ; / /RE
£(Input==3) { //CLEAR
] 0;
PORTD=0b000000007 - e
~0;1<207



4 j f (Cli Ili CID—-‘ 2 1= gl ++43 rraykeys 1l=
" 99 (Clini CID——B (e} 1= ++ Y eysl s 0,

e (Il Eanp= i it
( ©JLID) 4)for(1=0;i<20;++i)Arraykeysl[i]=0'

t==12){if (flag==0) PORTD=first:
PORTD=number; '

sound () ;

} //ENTER

Y
xxx***NO ANSWER FBUNCRLONF % sk

Wéid NoAnswer (int KeyPressed)

{

//save the no. into the Queu

(@iin:tc TD=1")
{ if (Arin<18)

@Iraykeysl[Arin]=KeyPressed;
sound () ;
++Arin;

it (ClinicID=2)
e

Bif (Arin<l8)
(S

Arraykeys2 [Arin]
 sound();
++Arin;

b}

=Keypressed;

]
pif (ClinicID=3)
{

e ——EC S



(Arin<18)

raykeys3 [Arin]=Keyp
a0 el
in;

B (ClinicID=4)
i {
1§£Arin<18)

* % ******RECALL****************/

void Recall ()

{

//Pop the two no.
S (elhinierp=1)

from the queu

if (Arout<18)
i
‘?ORTD=Arraykeysl[Arout];
‘sound () 7

++Arout;

i

i (et e =)
{

5if(Arout<18)
B { '

3PORTD=ArraykeYS2[Ar°ut];



{
if (Arout<18)

>ORTD=Arraykeys3[Arout];

(ClinicID=4)
{

if (Arout<18)
}ORTD=Arraykeys4[Arout];

++Arout;

WM (1) ;
aylKTCYx (100) ;

aylKTCYx (100) ;
C 1CON=0b00000000;

'2CONbits. TMR20ON = 17
ONbits.T20UTPS3 = 157

R



s.T20UTPS2 =1;
. T20UTPS1 =

T20UTPSO = 0;
ts.T2CKPS1 =0;
.T2CKPS1 =0;
TRISC2=0;

s.TMR20N = 1;
- Sl



SART code

B-p18£4520.h>
<usart.h>
<portb.h>
<pwm.h>
<timers.h>

Seontig OSE = INTIO67
y config PBADEN = OFF
a config WDT = OFF

P config MCLRE =.ON

i CloseUSART (void) ;
playTotal (int) ;
playEmergency (void) ;
| RTResieving (void);
Busy2USART ( void );
DisplayTotal (int);

main (void)
0b00000000; //Configure PORTD 1/0 as output
0p00001111; //Configure PORTE 1/0 as input
£00001111; // Enable digital I/O

esieving ()7

USARTResieving ()

nter=0;

talPatientNo;

iniclD;

ART SYNCH MODE &
. T OFF & USART_A 2

TX_INT_OFF & USART_RX IS0 o nr BRGH_LOW,77)

EIGHT BIT & USART CONT_RX &

counter)

e ' nothing
while (BusyUSART ()7 [/ce

" clinicID=ReadUSART ()7

- PORTE=clinicID;



,.entNo==0)

=1;
//enable the Small 7-segments

ID)

//Enable the 1s
ic 7=3
PORTEbits.RE0=0;
PORTEbits.RE1=0;
PORTEbits.RE2=0;

//Choosing the second clinic

//Enable the 2nd 7-segment
PORTEbits.REO=1;
PORTEbits.RE1l=1;
PORTEbits.RE2=0;

//Choosing the third clinic

PORTEbits.REO0=1;
PORTEbits.RE1=0;
PORTEbitS.RE2=1;
. //Choosing the fourth clinic

PORTEbits.REO=1;
PORTEbits.RE1=1;
PORTEbits.RE2=17

;tientNo==O)DiSplayEmergenCy();

al(TotalPatientNo);

ﬁlayEmergency(VOid)

PORTD=0;

ez






The GUL

mmlic Class Forml

D%m cgrrentTotalsArray R el o
pim WithEvents serialPort As Ney 12) Zoii' GG 0)
; S.SerialPort
private Sub ClinicsBindin _
3 gNavl at -
sender As §Y§tem:Obqect, ByVal e AZ SEZiaveItem—Clle(Byval
gandles ClinicsBindingNavigatorSavelIte em.EventArgs)
Me.Validate () m.Click

Me.ClinicsBindingSource.EndEdit ()

ye.ClinicsTableAdapter.Update (Me.ClinicDBDataSet.Clinics)

If Me.ClinicsBindingSource.Count >= 1 Then
Me .checkUpdated ()
Zmel 1k

End Sub

Private Sub Forml_Load(ByVal sender As System.Object,
ByVal e As System.EventArgs) Handles MyBase.Load
' TODO: This line of code loads data into the
'ClinicDBDataSet.Clinics‘ table. You can move, OL remove
it, as needed.
Me-ClinicsTableAdapter.Fill(Me.ClinicDBDataSet.Clinlcs)
SerialPortl.Open()
End Sub
JRegion "Update functions™
Private Sub checkUpdated ()
Dim row AS DataRowView
Dim rowIndex AS Integer
Dim totalCurrentNum As Integer
Dim newCurrentNum AS Integer

s i ] . nt

, _Item(rowlndex)
ndingSoure® (rowIndex)

.c1inicsBi
row = Me-CllEim = urrentTotalsArﬁiy
totalCurrent w("Total_Number

—

=
newCurrentN o Then



GURr
entTotalsArray(rowIndex)

: Me .

103E

Runctieons®

SERIALLY. TO MAX
@t eansmiting: ClinicID=" & clinicID & "
otal)

‘SerialPortl. BaudRate = 9600
SerialPortl.Parity = I0.Ports.Parity.None

SerlalPortl.DataBlts = 8
SerialPortl.StopBits

tch ex As Exception
;MsgBox(ex.Message)

Ay

island  the cliniec

il
.~ SerialPortl. erte(cllnchD)

B < nseExceptiol
MsgBox(eX .Message

Syste
val sendel £
3 n click( y rBtn. click
jsessuze;lgsznt rgs) HaP saics o
As Sys

- T0.Ports.StopBits.One

m. ObjeCtl



cla = MSgBox(nA
re ‘
- Ms You su
/ gBoxStyle_YesNo, "Dre YOuU want to delete
\s DataRowViey rop Table")

= MsgBoxResul
: t.
i As Integer = g gis Then

ngSource.Count - ]
row = M ini '
e.CllnlcsBlndingSource.Item(i)

leAdapter.De S
.e.r") ) ; lete(rOW('CllnicIDu).’

L Sule) TextBoxl_TextChanged(ByVal sender As
&, ByVal e As System.EventArgs) Handles

extChanged

EmergencylD As Integer

(EmergencyTB.Text)

4 Then
0 Then

rgencyID = Val
EmergencylD <=
If EmergencylD >=

ey

I

9600

SerialBortl.BaudRate
NN

SerialPortl.Par

ity.None |
SerialPortl.DataB}ts
SerialPortl.StopBlts

pBits.One

catch ex AS
MsgBox (€%~

End TRy
Try



'Send the clinic 1p

SerialPort] i
; -Write (E
'SerlalPortl.Writé(g?rgeDCYID)

MsgBox ("clinic emergency=" g

Catch ex As Exception

MsgBox(ex.Messa
Bnd Try i

e
MsgBox ("You have enter a wroeng clinic ID")

b LinkLabell LinkClicked(ByVal sender As

By Val e Lis
,.Forms.LinkLabelLinkClickedEventArgs) Handles

kClicked

B i
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. C18F2420/2520/4420/4520
FIGURE 1-2: PIC18F4420/4520 (40/44.

<=

PIN) BLO
Data Bus<g> CK DIAGRAM

T

PORTA
inc/dec logic
B
j RA1/AN1
[PcLaTu] PLATH] [T——>1X| RA2/AN2/VREF-/CVREF
P RA3/AN3/VREF+

[PCU | PCH [ PCL] xg /’;ﬁgK_”mOUT
'SSHLVDIN/C20UT

Program Counter 0SC2/CLKO®YRAG

OSC1/CLKICIRAT

[ 31LevelStack ]

‘Address Latch < R
BO/INTO/FLTO/AN12
pg?%rnaranl\g;c&oiy STKPTR 1 RB1/INT1/AN10
( RB2/INT2/AN8
SSETHh RB3/ANg/CCP2(Y)

RB4/KBIO/AN11
RBS5/KBI1/PGM
RB6/KBI2IPGC
| RB7/KBI3/PGD

8
Table Latch D

ROM Latch
Instruction Bus <16> RCO/T10SO/T13CKI
RC1/T10SlCCP2AY
IR RC2/CCP1/P1A
RC3/SCK/SCL
RC4/SDI/SDA
RC5/SDO
: State machine RC6/TX/CK
| tio ?
D';i‘g:‘,‘; Ia,r,‘d > control signals RC7/RX/DT
ool PRODH| PRODL

PORTD
RDO/PSP0:RD4/PSP4
RD5/PSP5/P1B
RD6/PSP6/P1C
= : T RD7/PSP7/P1D
(3) nterna =
et Oscillator Pc.’l\i:’;;:’ P
3 X— % &P osciat
0sc2 scillator
INTRC Start-up Timer,
i -0n
Ti08l DX—» Oscillator Pc‘a_‘\::)esl;a ;
8 MHz TR PORTE —
; Watchdog REO/RD/ANS
11050 [X}—|| Oscillator Timer = RETWRIANS
— - Brown-out Band Gap RE2/CS/AN7
NCIRR) [X—{ |Singte-Supply Reset Reference MCLR/VPP/REZ®
Programming W
o In-Circuit L/-’
Voo, Vss E——P Debugger Clock Monitor

Comparator|  |ECCP1

: Timer3
-

set, Of RB3 when CCP2MX is not set.

bit CCP2MXis

ion
Note 1: CCP2 is multiplexed with RC1 when conﬁguratlf: it
. : chgnallys s il odes and when
2: RES3is only available when MCLR fun i g 1050"‘3:9"{’:”"3%".
2 C2/CLKO are only availd n Se e dditiona in
Sng:(SLS'Sc?&dng.so “Oscillator Configuré ns” fo

g used s digital /0.

these pins are not bein
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7.6mm/0-3in.

Low Current

by Hewlett Packard

PiN CONNEC"ONS (rop View)

COMMON

10

12 50

93 i

2 lop
S T . d5 ncoMMON
‘W. 7-62 H.12.7 D.5.08
Pin spacing 2:54 Row spacing 5.08
7 segment displays with right-hand decimal points

The AlGaAs versions have a very bright output
making them ideal for use in high ambient light
conditions. The lc_)w current displays have very low
power consumption and are compatible with both
TTL and CMOS circuitry.

hnical specification "~ T
Hieff. AlGaAs Green Low Units
Red  Red Current
Red
Ve (typ.) 2 2 241 16 v
I (typ.) 20 20 20 2 mA
Vi (min.) 3 3 3 3 v
Intensity 54 14 34 0-27 mcd
View angle + 50 50 50 50 deg
Po 105 96 105 52 mw
Operating temperature SA0IC to,85%C
type stock no.

common anode

red (hi eff) HDSP-7501  195-170
AlGaAs red HDSPA151 195-215
green HDSP-7801 195-192

low current HDSP-7511 589-086

commnon cathode
red (hi eff) HDSP-7503  195-186
AlGaAs red HDSP-A153 195-221
green HDSP-7803 195-209
low current HDSP-7513 589-092

7:6mm/0-3in.

Quality Technologies

H.1875 W.98 D.508
Pin'spacing 2:54

Row spacing  7:62

PIN CONNECTIONS (TOP VIEW)

z
Canwot, ¢ ——r 14 COMmMON ANOOL AnOOLY Ry 14 AROCOLA
LU , |2 canwocs amoica| o [, |12 anoore

Common Ano0t 3 3 1 noP o) o 11 Comamson CATHOOE

e o F— 1 CAIMN Y COMMONCATHOOL & fre " norm
(adeadll Y 10 camwoote worms | o o [ e worm
CAlmnor o * * NOCORMICTION ANOOCE ® U ARSUSDE
S » camooce ANUOLO ¥ » amcoiC
o = &

These displays are housed in 14-pin dil packages. The
common anode version has a single left-hand
decimal point whilst the common cathode version
has a single right-hand decimal point.

technical specification” .

Units

Veltyp) 16 22 v
Va(max) 6 6 v
leltyp) 10 10 mA
le(max) 30 30 mA
Intensity (per segment typ) 2:5 2:0 mcd
View angle + 75 75 deg
Po (per segment max) 60 60 mwW
Operating temp, -40°Cto  +85°C

type stock no.

COmmon angde

MAN?72A red 587-894

MAN34207 green 587-901

Common cathode

MAN?4A req '587-917

1 14 common
12 (EN
ComMmon 4 12 NOPIN
NOPIN 4 )
NOPIN g 10 :
e
DECPOINT(CA) o 9 DECPOINT(CC)
.7 8 d
PIN CONNECTIONS
(Y0P viEw)

com;
CoMMON CATome IR O
W27 ! i
; H19.05p 6 35 (ex.pins), Pin Spacing 2:54 Row spacin- 7-62
ow i i
consﬁlr;:rp?“ d:spl|ays with very low power
¢ 1on and compat; i
ol mpatible with TTL angd CMOs

technical Specification > ..

Green Low

Hi e,
Units
Red Curreit
Vi yp)) 21 21 ?-‘:sd v
le (typ.) 20 20 2
Vi (max.) 3 3 3 VmA
In_lensny 1115 1750 370 ped
XIEW angle = 50 50 50 deg
b 05 105 52 w
Operating lemperature -40°C to +85°C "
type stock no.

RH decimal point
common anode
red (hi eff) 5082-7651 195-158
green HDSP4601 195-164
low current HDSP3351 589-115
common cathode
red (hi eff) 5082-7653 587-383
green HDSP4603 587-399
low current HDSP3353 589-121
LH decimal point
common anode
red (i eff) 5082-7650 587-175

12.7mm (0-5in.) Light Grey face

Kingbright 10 6

£

wde

o

Ny
>0

o)

ofe

EEREREE

s
7

1

38
|
; ¢ ‘# i $ ¥ ¢0P$
% 6 4 2 1 9 10 5
i i ing 124
119W.12:7D.8  Pinspacing ?-54 . Row spacing ]
'; segment LED displays with right I:land decitnal
points. Standard grey face with white segmets.
Super bright red types have AlGaAs LEDs. Fcr

suitable driver ICs refer to the Semiconducto:s -
Drivers and Interface section.

technical specification .

super- green yellow onits
ed
;H.EJ bright red
Kingbright
part no. ‘
Cocn:nun SA05-11EWA SAD5-11SRWA  SAD5-11GWA SA05-11-WA
anode ;
Common C05-11EWA SC05-11SRWA  SCO5-11GWA S‘(‘SOS-H NA .
o 2 145 2 g .
yp.

I"((yp) 20 ;g 2 2 C\A
I; (max.) :ﬂ 2 : 2
Vp (max.) d
lu’:cumlv 3 e £ P mc
(min.) 2 d
Intensity = . s 5
(max.) 56 -
i 105 100 105 105
e i 85T
g‘:::‘:t‘:i‘::j"lempualwc range -40C10 +

stock no.
type

de
common ano 4777
red (H.E.) 235
super T
bright red 235-8 o
een 235-87

g;uow [235-8828
Zommon cathodeﬂ5 i
red (H.E)
i 235-8761
bright red e
o 35-8834 ..
yellow 2

A

e yeie

AR

RO

Xotes




1 (oS St d L LY L1 (1) S ——
a:zmmlo-SSin. Low Current L |

ettPackard
e N 3

‘THE S.S.M. VALUE EQUALS
THE PACK QUANTITY’

How!

type stock no. .

common anode LH d.p.
H.E.red E1235-8878
common cathode LH d.p.
H.E.red W237-0963
common anode RH d.p.

H.E.red 235-8862
; S-Bred* 235-8840
Pin Connectors s s thot
on View) common cathode RH d.p.
= H.E.red 235-8884
g E g S-Bred*  235-8856
e SiE green H235-8913
o N
B C0Tn33RIB yellow  [H235-8935
76 1817161514 13121110 o
1098 — P CamECHoNS universal  [235-8890
i s R low current common anode
B isi.g.red W247-2722
3 o -Bred*  [H247-2738
o > O O § §
123456789 . EE type stock no.
7234 5 AR & e PR e S
coo U5 add0d a S GRS TR I IR
ovEC R wWoO gWOOO§ Erewvow e : low current common cathode

5 . e — {\ H.E.red E247-2750
S-Bred*  [247-2766
soglediglc W1257 H172  Diexpins)s grewy W247-2772

Dldgic  W.2515 H.17:02  D.(expins)3

2-digit common anode
Achoice of single and dual digit displays w th right-

H.E.red E247-2930

nand decimal points. The AlGaAs versions jive a i ol S-Bred®  [247-2996
very bright output making them ideal for us 2 in high e ® Z-digit common cathode
ambientlight conditions. The low current  splays A L Lok P -l
have very low power consumption and are D i e SR SBred*  [M247-3034
compatible with both TTL and CMOS circuiry. Dig. 1 Digiz gioen 247-3040
Connections are along the lop and bottom f the' ; : " S-B = Super-bright
display to simplify wiring in rnulti-digit appl cations. PIN CONNECTIONS i i ’
e 5 4 e 25-4mm (1-0in.) Light Grey F:
Jipics srociic? it : by Kingbright
; : W iy gbri
i e T ke . Twodigit i
Red Red - Current wzz-l: HW 2'45:8 Ak
A0 2 KR D.84 D. 10 ‘
Ve typ!) 2 Pin spacing 2:54 Pin spacing 2:54
Ie{typ.) ;0 ;2;0 ;230 :2; :‘;A Row spacing 15-24 Row spacing 22
m:‘:ﬂ” 28k Y16 S e 7 segment LED displays, all have right hand decimal
Vie wa:gle A 50 50 50 5 deg points except SA08-12EWA and SC08-12EWA which
P 7 105 96 105 5 mW have left hand decimal points. Standard grey face (
O%eraling temperature -40°C to 4-85°C with while~ segments. Super bright red types have
AlGaAs LEDs. The low current displays have very low
type stock no. power consumption and are compatible with both
TTL and CMOS circuitry.
- single digit technical specification = '
common anode - e :
. . ingbright v Intensity  Power
red (hl eﬂ) HDSP5501 587-945 Colour ﬁ‘a’;lgn::q 5 ;p. 'fyp‘ :n e dissipation
AlGaAs red HDSPH151 195-114 Vv mA mA min max. mW
green HDSP5601 195-091 Common anode LH d.p.
L 22 9 105
low current HDSP5551 588-623 H.E.red : dscga;:em 2 10 3 o
cnmmnn‘cathodc ﬁ%"::,o"ca‘ 5 escoaiz'EWA 2 10 30 229 105 };i,?:pa:lngz ;-5:? Héw spacing 30-4
red (hi eff) HDSP5503  587-851 Common anode RH d.p. : , i
AlGaAs red HDSPH153 195-120 HEded SAGBMEWA 2 10 3 229 105 7 segment LED displays with right han
e iohlred SAGB-1ISRWA 18510 30 9 20 100 points. Each segment has two LED chips
?reen HDSP5603 1952108 Zl'pm‘b"g R s 1GWAL 22010, 250 143 36,1105 point has one). Standard grey face with v
ow current HDSP5553 588-639 reen . X
e de RH d.p. s ht red types have A
. dual digit ﬁ%",':f" Catlioct SaniEwA 2, 10 Wy 22 9. 165 segments. Slll?‘v?f btlg_ 2 {
o anode Supcr-brightred  SCOB-11SAWA 185 10 gg % ;‘6 :gg technical specification (2" (L
s 2 10 4 3 —
red (h! eﬂ) HDSP5521 195-136 . Green 5C08-11GWA if 0 0 14 36 105 red super green Y
common cathode Yellow SC08-11YWA HE)  brightred
: ht
ted (i cff) HDSP5523  195-142 Universal st.overow g0 s g
H.E.red FX08-11EW : Common
20mml0 8. Low current common anode AR L2l 03609 26 anode SA10-21EWA SA10-21SRWA €
+0lh. Al SAQB-11LEW. BRL e AR :
Super-bright red SA08-11LSRWA 185 cathode  SC10-21EWA SC10-21SRWA SC10-21GWA
Low current coml;a;‘;‘a“:‘g;;z 2 ) 706 09 Zgo V;(lvr;) go ;()85 202 :
% 14 56 1 I¢{typ) :
e 4 :Q-[;;'e?briqm e SCOBMLSAWA 1852 30 hmax) 30 % 4 2
¢ 2 & L
. a HEred D 1gs10 0 9 2 nlegst o 4 36
: DAOS-11SRWA (min) 56 1
COMMON % Super-bright lcﬁ . R ki
LH. LP e !
NOPIN 7 Common anoc DEOS-11EWA 2 1 gg gz 21 100 (max) 14 31 9
NOPIN 8 :‘E'r;dbrighllcd DCO8-11SAWA ;25 :g 5 14 36 105 Power ; 105
uper- JIGWA 2 ssipation 105
Green DC0B-116 ‘é'is'pa-m heralur range 4UC10 +85C

W o x ; W o stock no.
196 D.838 H.2769 i d

Pinspacing 2.54 : Common anode

. 92:54 Row spacing15-24 red(H.E.) 235-8979
eval(: high efficiency, red displays. Both displys have superbright
~—113nd and right-hand decimal points s 235-8941
b ~ : gellow ~ W235-9017

ehnical specification

s s Common cathode
Vy(max) 17N jed(E) i
Wy 4 ks
Hioo 20mA red 235-8957
I"“’“Silvldigiz o . gszml!\:d green E1235-9001
Segment (m:f) 50:W i P

Berating temperature -40Clo+85C

type

SOmmon anods stock no. :

100 (Hi eff 850-653

Sommon cathgge

Ted (li ot arn CELO /’
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e All Circuit Types Feature Lamp Intensity Modulation Capability ..%._n._u:o: !
$ The '46A, *47A, and ‘LS47 feature active-low outputs designed for driving common-anode LEDs or Incandescent .“ i
; |ndicators directly. The ‘48, 'LS48, and ‘LS49 feature active-high outputs for driving lamp buffers or common-cathode i
DRIVER OUTPUTS : LEDs. All of the circuits except “LS49 have full ripple-blanking input/output controls and a lamp test input. The ..rmaw !
TYPE ACTIVE [5] TYRIGAL : clrcuit incorporates a direct blanking input. Segment identification and resultant displays are shown below. Display =3
UTPUT SINK MAX POWER PACKAGES E 5 patterns for BCD Input counts above 9 are unlque symbols to authenticate input conditions. ._ i
LEVEL | CONFIGURATION | CURRENT | VGLTAGE | DISSIPATION * 4 (o i ili i |
SN5446A low open-coliector 40 mA 2 The "46A, '47A, '48, 'LS47, and 'LS48 circuits Incorporate automatic leading and/or trailing-edge zero-blanking control !
SN5447A 1 i iy S20m S R .ﬂg and RBO). Lamp test (LT) of these types may be performed at any time when the BI/RBO node Is at a high level.
9w open-collector 40 mA 15V 320 mW Jow i all types lincluding the ‘49 and 'LS49) contain an overriding blanking input (Bi), which can be used to control the 5
SN5448 high 2-kf? pull-up 6.4 mA 5.5 V 265 mW JW . |amp intensity by pulsing or to inhibit the outputs. Inputs and outputs are entirely compatible for use with TTL loglc
MnMM”MMM low open-collector 12 mA 15V 35 mw J, W 3 outputs.
high 2 I+ < a
o w4 £ 2 D5 126 mW J. W ' {ho SNSA246/SN74246 and '247 and the SNSALS247/SN74LS247 2nd 'LS248 compose the 5 and the G with
g open collector 4 mA 5.5V 40 mW JowW - tails and were designed to offer the designer a cholce between two indicator fonts.
SN744BA low open-collector 40 mA 30V 320 mW N
SN7447A low open-collector {40 ma 15V, 320 mwW 4N o3
SN7448 high 2-kQ2 pull-up 6.4 mA 5.5V 265 mW J, N —— ﬁ ”
SN74LS47 low open-collector 24 mA 15V 35 mW J N ._ _u _l.— __ =) — U—L __\.I —_I? ; _..I_“_Uﬂ — ' #E—_.I. TI.. —
SN74LS48 [  high 2.k pull-up | 6 mA 55V 125 mW 4N | | g e’ o o Y o =l
SN74L549 high open-collector BinA 5.5V 40 mW 0 ._ 3 0 T 2B 08 4 o 6T 275 e ORI SR VO
ar NUMERICAL DESIGNATIONS AND RESULTANT DISPLAYS '
7 SEGMENT (7]
7 IDENTIFICATION g mvu
logic symbols = E 'S
. A \ RAN ‘48A, "47A, 'LS47 FUNCTION TABLE (T1) - ()
46A, '47A, 'LS47, ‘48, 'LS48 o IMAL Q
§ INPUTS pr— OuTPUTS
OR BI/RBOt NOTE |
| euncrioN | ET ﬂm_u c 8 >._.. _-ﬂ.._n—._—.ﬂ.ﬂa_ _.Th
= 0 “H H L L L L H oN |on [ON | ON | ON | ON | OFF
1 H X L L L H H OFF | ON | ON | OFF | OFF | OFF | OFF
q 2 H X L L H L H ON | ON |OFF| ON | ON | OFF | ON 5
3 3 H X L L H H H ON ON | ON ON | OFF | OFF | ON
4 H X L H C L H OFF | ON | ON | OFF | OFF | ON | ON
5 H X L H L H Lal ON |OFF | ON | ON | OFF | ON | ON
6 H X L H H L H OFF |OFF | ON | ON | ON | ON | ON
5 7 H X L H H H H ON | ON ON | OFF | OFF | OFF | OFF 1
8 H X H L L L H O y "N |ON | ON | ON | ON | ON
«9 H X H L L H H ON Ovﬁ. ON |OFF | OFF | ON | ON
10 He X H S L H QFF | OFF |OFF | ON | ON |OFF | ON
' 11 H X H L H H H OFF | OFF | ON | ON | OFF | OFF | ON
'Ls49 12 H X b H L L H OFF | ON |OFF | OFF | OFF | ON | ON
- 13 H X H H L H H ON |OFF |OFF | ON | OFF | ON | ON
BUISESN 14 U | B i e H ofF | oFF |oFF | on | on | on | on
: 812 =520 15 w | x| Hw W H w  |orr |orr |oFF | oFF | oFr | oFF | oFF
(5) Bl X X v“. X X X (5 OFF | OFF |OFF | OFF | OFF | OFF | OFF 2
AT A 1 2200 luw;. RAI L 1 S S | L -|orf |oFF |oFF |oFF | oFF |oFF | oFF| 3
i DA =D LT | G B X H onv [on |on [on |on fonjon] a
& 8 2 €209 Cone ~Ha high level, L = low laval, X = Irrolovan
2 aZoQf 18, NOTES: 1. The blanking input (B1) mtjst be opan or hold ot a high logic level when output functions O through 15 are deslred. Tha
- c 4 70—, : ripple-blanking input (ABT) must be open or high if blanking of a decimal zoro is not deslred,
. —N_.D.FBL \ 2. When a low logic level Is applied directly to the blanking lnput {B1), all segment outputs are off ragardiass of ._s- vel of any
. o—l 8 . gmop2 5 other Input, - - :
2 ; % 3. Whan ripple-blanking input (Fi81) und Inputs A, B, C, and D aro at s fow luvel with the lamp test input high, all segment sutputs
1 L — go off and thu ripple blanking output (RBO) goas toa low level (response conditlon), .
”_.ruun symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. W», 4. When the blanking Input/ripple blanking output (B1/RBO) is open or hald high and o low Is npplled to the lamp-test Input, alt
Pin numbers shown ure for D, J, N, and W packages. b mwM.lll sogment outpuls are on, 2
AOSE - e s : = \E2BI/RBO is

wire AND logic sarving as blankjnp Input (B1) and/or rippla-blanking output (ABO).

: Texas A&m 2-177
; INSTRUMENTS .

i POST OFFICE BOX 855012 « DALLAS, TEXAS 75265
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ng SBMICCNTUCIOLS - pigitg i
| oard Encoder IC's i
_ | Microprocessor

exrerocxe (i
cLoex ac (1]

cLock R (T]
LoCKOUTMOLLOVER (]
ANY-KEY-DOWN 0P (T}

oo (7] 59 xs
or (3] xr
(o =
oaracurrurs<{ 30 [ DELAY Moo
1] VYee
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Corp- INo k50,
A 5] 0,

o 9600is @ keyboard encoder i.c. containing all the e

‘- and debounce circuitry to encodea S.P.S.T. i ‘
:(Oglggard array. The output is a simple 9-bit binary Oscvm% :’,
.;:de which can easily be converted to the required Sk o

ano|3 [13} MFO

coeinformation by use of an external custom prom
or microprocessor: Max1mum flexibility of key layout
and output coding yvuth the added benefit of easy
modification is achle_ved. The keys are scanned with
anin OUtpUt by ten_mpgt matrix giving very versatile
: yeyboard options. Pln'selectlon of N-key lockout and
| Nkeyrollover is possible and an ‘any-key down'’

- qutputis also available. Outppts are three state T.T.L.
i compatible, 40-pin d.i.l. plastic package.
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DP8572AN
Supplied to RS by National Semiconductor

Two general timer clock peripheral circuits for use i
microprocessor based systepms where informal:iiil?s
r.equred for multi-tasking data logging or just simple
time of day/date usage. Both types have the
following features :

12 or 24 hr. operation modes

Day of week and day of year counters

DP8570AN

+5Vd.c.

Power failure switchover circuitry
 Supplycurrent 40 mA max. Power failure time log in internal ram
S Clockfrequency 10 kHz to 100 kHz Supply glitch protection.
| Contactresistance 300 2 max. On-chip interrupt and 44 bytes of CMOS ram give

1 operatingtemperaturerange  0°Cto +70°C . — total device flexibility.

"The DP8570AN includes all of the above features with
the addition of two 16-bit 10 MHz timers having
programmable multi-function outputs and retrigger

facilities.

! Datasheet 6812 Marph 91 available.
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TOP VIEW
Supplied to RS by National Semiconduct

A C-MOS device designed for use as a real tim
apq calendar in bus orientated microprocesso
digital systems. An interrupt timer is included
may be programmed to interrupt at 60, 5:0 or (
second intervals. The timebase is generated fr
32:768 kHz crystal RS stock no. 304-447, with

timekeeping maintained down to 2:2 V for batt
back-up operation. 12 registers contain the foll
data: tenths, units and tens of seconds, units a
tens of minutes, units and tens of hours, units
tens of days, units and tens of months. Autom
leap year calculation is also featured. These re
may be programmed or read via the 4-bit data
when correctly addressed by the 4 register ad
lines. 16-pin d.i.l. plastic package.

Technical Specific

Supply voltage

Standby 22V minimum
Operational 40to 60V

Supply current

Standby 4uAtyp. 22V
Operational 1 mA typ. with 5V sup
Operating temperature

range 0°Cto +70°C

Data sheet 4298 March 86 available.

EsM=T_ o o]
stock no.. . . price each
% : -9 10-24
304-548 £11:80 . -£9-88

Tec Specificati

Supply voltage operational 45t055V
standby 22V min.

Supply current operational 20 mA max.
standby (32768 KHz) 10 WA max.

-40°Cto +85°C

Operating temperature range
E s 32 kHz, 32:768 kHz

Crystal frequencies

MM74C922N - 4194304 MHz
rowvt [T} = or4:9152 MHz
! 7 Rowyz [Z] [77] DATAOUTA AT L
Rowya [3} [18] paTAOUTS S
{ nowye [] [5] patacuTe “type stock no, - |;n2(;e ea_chz.599 100+
“osciLLaton [3] (1] pATAQUTD s - & 520'10”-{ £1360 ,~-_£10‘30, ;
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Supplied to RS by National Semiconductors

;“II%,M?S keyboard switch encoder i.c. incorporating
‘01533 ggic necessary to fully encode an array ofup
o \S.T. switches (normally open) into a qatural
x4ry°°‘,’e- The switches normally arranged in a
ete Matrix are sequentially scanned at a rate
'mined by either the internal clock, the
;g:;:cv of which, being determined by an external
us uor alfef natively an external oscillator, may
edresulting in full synchronisation within a
®M. The circuit automatically debounces the
u ree; although this function can be disabled if not
Ly Internal latches store the last entry made
lTi-stateerdzh" !‘EY is released. The outputs aré
Perau(',a |° wing expansion and bus orientated
pe"nitsa,'- nternal pull-up resistors on key inputs
nnectaétches with up to 50 kQ ‘on’ resistance to be
Ower S hq"ecﬂy to the device. All outputs are low
v°hage:igttt§y T.T.L. compatible. Operating SupPly
T
5‘(;1_3\8/5":8&), Operating temperature range:
Sitablg key, C.18-pin d.i.l. plastic package- See also
Seggon, °Y008rd 337-100 or 334-410, in the Switches

Data 053
she9t3374N " National 600
2 ovember 83 available. Natio 081-3608
B i R Lo_ndﬁf;jArea 021-359 4900
SCR i S Mid e West 06T s
stockno, '.p‘ric'e'eat':h' v 'El‘;ctromail 0536 2
; 19 10-24. 25+
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TOP VIEW

Supplied to RS by National Semicondu

The 58274 is a complete real-time clocki.c.
for use in bus orientated MiCroprocessor sy:
This device is pin compatible with the 58174,
incorporating the added features of timekee|
to 99 years, faster access times, improved d:
and extra interrupt periods. The extended

timekeeping includes units anq tens of years
registers, 12 and 24 hour counting is alsono
available. To simplify data reac!mg a testable
changedflagis included allqwx_ng error free:
reading. Basic operation is similar to thg 581
however different data and addressing IS rec
utilise the new features included in the 5827

d.il. plastic package.

Tachnical Specification

Supply voltage: standby 22V minimum

operational 4~:5‘X: 55 Vt oy
Iy current: standby 4 pAtyp. at2-
Seeet operational 1mAtyp.at5V

Operating temperature range -40°Cto +85°C
Data sheet 5875 July 85 available.

stockno. . price each
1-9 10-24
£4-90

659-337  £6:80



§4C922/MM74C922 16 ke

RAAM540923/MM740923 20 k

general description

These CMOS key encoders provide all the necessary
logic t0 fully encode‘ an array of SPST switches. The
(ayboard scan can be implemented by either an external
clock or external capacitor. These encoders also have on-
Jtip pull-up_ devices which permit switches with up to
§) k(2 on resistance to be used. No diodes in the switch
aay are needed to eliminate ghost switches. The
inernal debounce. circuit needs only a single external
capacitor and can be defeated by omitting the capacitor.
A Data Available output goes to a high level when a
walid keyboard entry has been made. The Data Available
output returns to a low level -when the entered key is
eleased, even if another key is depressed. The Data
Avsilable will return high to indicate acceptance of the
new key after a normal debounce period; this two key
oll over is provided between any two switches.

' internal register remembers the. last key pressed.

on after the key is released. The TRI-STATE® outputs

Y encoder
€Y encoder

provide for easy expansion and bus operation and are
LPTTL compatible.

features

B 50 k&2 maximum switch on resistance

B On or off éhxp clock

B On chip row pull-up devices

8 2 key roll-over

B Keybounce elimination with single capacitor

Last key register at outputs

@ TRI-STATE outputs LPTTL compatible

s Wide supply range 3V to 15V

B Low power consumption

onnection diagrams

' Dual-In-Line Package
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MM74C922 - MM74C923

General Description

The MM74C922 and MM74C923 CMOS key encoders pro-
vide all the necessary logic to fully encode an array of
SPST switches. The keyboard scan can be implemented
by either an external clock or external capacitor. These
encoders also have on-chip pull-up devices which permit
switches with up to 50 k2 on resistance to be used. No
diodes in the switch array are needed to eliminate ghost
switches. The internal debounce circuit needs only a single
external capacitor and can be defeated by omitting the
capacitor. A Data Available output goes to a high level
when a valid keyboard entry has been made. The Data
Available output retumns to a low level when the entered
key is released, even if another key is depressed. The Data
Available will return high to indicate acceptance of the new
key after a normal debounce period; this two-key roll-over
is provided between any two switches.

An internal register remembers the last key pressed even
after the key is released. The 3-STATE outputs provide for
easy expansion and bus operation and are LPTTL compat-
ible.

16-Key Encoder ° 20-Key Encoder

Features

October 1987
Revised April 2001

B 50 kQ maximum switch on resistance

B On or off chip clock

B On-chip row pull-up devices

M 2 key roll-over

B Keybounce elimination with single capacitor

B Last key register at outputs

B 3-STATE output LPTTL compatible

B Wide supply range:

3Vto 15V
B Low power consumption

Ordering Code:

Device also avallable in Tape and Reel. Specify by appending suffix letter

Connection Diagrams

Pin Assignment for DIP
1 18
ROW Y1 = Vec
Row vz 24 117 paTA OUT A
Row Y3 -+ 16 pataoUTSB
aowys-Y 15 pataourc

112 paTA OUTD

13, GUTPUTENABLE
13,

12 [ATA AVAILABLE

5
DSCILLATOR —
6
KEYBOUNCE MASK —1

COLUMN X4 —

n :
COLUMN X3 — 1, coLumn X

9 10 coLumn X2

Top View
MM74C922

. 006037
© 2001 Fairchild Semiconductor Corporation DS

Order Number | Package Number Package Description
MM74C922WM M20B 20-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-013, 0.300" Wide
MM74C922N N18B 18-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide
MM74C923WM M20B 20-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-013, 0.300" Wide
MM74C923N N20A 20-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide

X" to the ordering code.

Pin Assignment for SoIC
ROW Y1 —{1 20 |- Vee
ROW Y2 =] 2 19 f= DATA OUT A
ROW Y3 —{3 18 |— DATA OUT B
ROW Y4 — 4 17 }— DATA OUT C
NC—{5 16 }— DATA OUT D
OSCILLATOR — 6 15 | NC
KEYBOUNCE MASK —7 14 j— OUTPUT ENABLE
COLUMN X4 —{ 8 13 }— DATA AVAILABLE
COLUMN X3 — ¢ 12 f— COLUNN X1
GND —] 10 11 f— COLUMN X2
Top View
MM74C922

. www.fairchildsemi.com
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DM7404
Hex Inverting Gates

General Description

This device contains six independent gates each of which
performs the logic INVERT function.

August 1986
Revised February 2000

Ordering Code:

Order Number | Package Number

Package Description

DM7404M 7 M14A

14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150 Narrow

DM7404N N14A

14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide

Devices also available in Tape and Reel. Specify by appending the suffix letter “X" to the ordering code.

Connection Diagram Function Table
Vo A6 V6 AS s I va Y=A
Iu Iu In |u 10 ls J. Inputs Qutput
A Y
L H
H L

H =HIGH Logic Level
L = LOW Logic Level

At ] a2 2 A3 A £ns.

: 006494
000 & o <bid Semmicondirclor Corporation .S

_ www.fairchildsemi.com
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+5V-Powered, Multichannel RS-232

Drivers/Receivers
/
TOP VIEW SVINPUT
+ _H ¥
o= G5 ap
Cl+ |1 7_6—|Vcc i = vcc16 i
v+ [2] [15] 6N o A A e
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\G E ETHN
T20u7 [7] [10] Ton TILCMOS
ron 2] Tl INPUTS
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- 12| Rlour Riin |13 4
CAPACITANCE (1F) TIL/CMOS 5 RS-232
DEVICE __Ci _C2 C3 C4 G5 OUTRUTS S INPUTS
MAX220 _0.047 033 033 033 033 <3 A2 > fanis o
MAXZ 10 10 10 10 10
MAX232A_ 01 01 01 01 04 SkQ
GND =
_l__15

Figure 5. MAX220/MAX232/MAX232A Pin Configuration and Typical Operating Circuit

TOP VIEW
. weyan ] 20] SFON
ney &[] ° Gg] SN o+ [2] [19] Veo
Cl+ E E Vee V+ E E GND
W[5] woao O[] mmam 7] Thour
0 X222 16| N.C.
0[] smmam B =Bl S i k
i[5] MAX222  [14] Rim c2- 6] [15] Rin
2[5 MAX242 ] Ao v-[7] E Rout
v [T} E e T2ou 8] [13] NC.
Teou [ 11] 72w Raw 9] ] Tk
T2
R2 E E R2our  R20uT @ FE] "
||
DIP/SO SSOE
{ ) ARE FOR MAX222 ONLY. ACKAGES ONLY.
PINNUMBERS IN TYPICAL OPERATING GIRCUIT ARE FOR DIP/SOP
\
5 ra
Figure 6, MAX222/MAX242 Pin Configurations and Typical Ope

MAXIM

TTL/CMOS
INPUTS

TTL/CMOS
OUTPUTS

ting circuit

Nl

= 17

VCe
Cl+  5vTO+10V Ve
C1- VOLTAGE DOUBLER

C2+  qoT0-1V V-

(EXCEPT MAX220)

(EXCEPT MAX220)

C2- VOLTAGE INVERTER
S ]

+SVINPUT €3 1| CAPACITORS =0.10F

©

15,
RS-232
OQUTPUTS

{

= =

&
3
a8

;
:
b
|
e

P ——— . 2 0w 2 ¥ ¥ |



/

Natienal Semicqy
- \

d UCltor Jiura 1323

54153/DM54153/DM7415
Data Selectors/Multiplex

General Description Fot
5 of these dala salackrsd gl o atures
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Connection Diagram Function Table
Dualls-Line Packaye =R
DAYA WRUTS S Data Inpuls Strobe | Oulpul
v STRDOC A — ~ QlETPuT npuls
3 o e —
o GF RELECT €3 20 200 ] Y3 B A lcal e c2 o a %
[m [ 14 lu 18 12 51 10 5 ;
T X X X X X X H L
L L ks X X X L L
A R o L ] e N ¢ L H
e L H X L X X L L
- L H X H X X L H
H L X X L X i L
d[* T | A (8, R (B O L R
BB A4 H|H] X | X X L L L
H H X X X H L H
; GEec inpu b @'l B 26 %o LT G R
! z 3 4 a 8 A Eu o b Lewl L Lowbamal 2 O Cas
GYHOHE B 163 ez g 160 SuTeuT GHD
1 SELETY S )
OATA wWruTs
3 [Lerieadi="
Order Number 54153IDMOE, 54153FMO8, DMS4153,
DM5415TW or DM7415IN

e iaaiae BlEA SUlT-L O} 2ul-p [eng £5LPZINA/ESERSING/ESEPS

See NS Package Number J18A, Ni8E or W18A

L ‘///— e AR, =

LA SEAT

CHR Py ST bt (Pt




R—
P RRCHILD a
GEN'“:ONDL'DTDR ™ : aliss
Redsed Larch 2000

pDM74L5244
Octal 3-STATE Buffer/Line Driver/Line Receiver

General Description

Featu
ersdine di res
i D:r':ce and P".at;:[: des@?d lolmprcve bolhlhe W 2 STATE aul :
ariorm i denslly of 3-STATE buters aulpuls drive bus linzs direclly
drivers employed as memary-address ditvrs, clock driy- B PNP Inpus reduce DX loading o bus ines
grs, and bus-orkEnled Iransmitiersiracelvers, Fealuring 400~ ™ Hysleresks al dala inpuls Improves nots= n:dgl
v of hyslerests al each loa cure _ ves Nokse margins
m ¥ nl PNP dala lin2 inpul, M Typlcal oy (sink currsnly 24ma,

jhey provide Improved nots= refclion and high lanou! cul-
1s and can ba used lo drive lerminalad lines ocm?:lo B Typical loy (sonres currenty -15 mA

1330 B Typlcal propagalion delay limes
Ivvariing 10.5 s
Nonf=ering 1Zns
B Typlcal enable‘disable lime 185
l Typlcal poasr dissipallon (enabled)
Inwarling 130 mvY
MNoniwering 135 m'¥

W aurfjiaAl sujaeyng 31V1S-€ 1B 0 FrESTPLNG

Ordering Code:

Sickl Number | Package Humbel ~ Package Descl Iption 4
DMTALS24 4V H (XF3TE] =L ead Srial CAlinG Inegraled CIrcull [SOIC), JEDEG MS-013, 0.300WAde @
DHTILE2445) M20D 70-Lead Smal Culline Package (S0P, EIAJ TYPE 11, 5.3mm V¥ide g

e — ’
DM7ILE244N N20A T ead Plaslic Dualin-Line Package (PDIP), JEDEC HS-001, 0.300 Wide T

Tenioat b avabats b Topw and Real Epsaih By appandng i st lelikr % to tha cedanng 2eds.

Connection Diagram Function Table

e 26 ¥4 zad #Y32 243 1¥3 242 1¥4 241 ||1P uts -:vutput
IN ll‘}' |1} 17 |6 1% ]14 13 12 51 [m——— =
(] =3 ¥
X = | - 7 L L L
l L H H
X 7z

MW T

- d v - H .

Lo Logie Lavad

H¥aH Loge Lavd

1 ‘ £ifier LA o HICH Legie Lawsd
& ﬁ r High mpedanca

|1 S| [ [ A
16 a1 SY4 1A2 2vA 1A3 2¥2 iad 2v1 GHD

H i

‘A'.'.‘&'.(EII’C{'\IHSEI’I“.CGT\

e

DSOO&'ME'

©2000 Falrchild Semiconductar Corporation
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connection Diagrams
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Function Tables
v [ 3
DAL 5138 DM74LS120
Inputs 5 Inputs
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