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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. 
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1.2 Project Objective 

The objectives of the project are: 

1. Create an organized way for the patient's entrance to the clinic. 

2. To prevent the noise that occurs when calling the patient by his name. 
3. Organize the patients order in a fair way. 

4. 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 

J awwal 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 tum 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. 
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1.4 Time Plane /Project Schedule 

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

dependencies are as the following: 

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

environment. 

TS: 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. 
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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) 

[pf?l wee' week.2 week3 /week.¢ weeks weer6 [week±@/weat wee±z weer1b/ wet±] wet:2 weetis] week1s weer1 

Tl ] l I I 
T2 [ ="" I T J 

j 
I T5 

l 

.!~·--·-J ·----- ~---!• --··•·-.·---·--··-•-!--' - i ,. __ ,---1--.......i----,--- 
T 13 

i 

!---1--- 

Table 1-2: Project Activity Bar Chart (Second Semester) 
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T9 ' I I I I 

T1 
T1 - 1·-•.~·--.-,··.=y,...,,,....,_i, - - j. 

; I 

I l 

I 
T I5 

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). 
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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 17.5 $ 17.5 $ 

7-Segment(2-digits) 12 3$ 36 $ 

4x4 keypad(16 keys) 4 7$ 28 $ 

Decoder 74LS47 24 1.5 $ 36 $ 

Encoder MM7 4C922 4 12.5 $ 50 $ 

MUX 74LS153 2 1.5 $ 3$ 

Buffer 74LS244 12 1.5 $ 18 $ 

Decoder 74LS138 2 1 $ 2$ 

MAX232 1 2$ 2$ 

Serial Port Cable(9-pins) 1 2.5 $ 2.5 $ 

Reset Switch 1 0.5 $ 0.5 $ 

Capacitors 1 uF 11 0.25 $ 2.75 $ 

Capacitors0. l uF 4 0.25 $ 1 $ 

Resistors (150ohm) 24 0.25 $ 6$ 

Resistors (1-1 00)kohm 5 0.25 $ 1.25 $ 

Diodes 2 1 $ 2$ 

Transistors 2 I $ 2$ 

Speaker 1 4$ 4$ 
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Bases 62 (1.25 -1.5) $ 87.5 $ 

Wire-rapping board 1 17.5 $ 17.5 $ 

Inverter 7 404 1 0.5 $ 0.5 $ 

OR Gate 7432 1 0.5 $ 0.5 $ 

Total Cost 320.5 $ 

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 120$ 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: 
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1. 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. 

2. 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: 

. . . 
1. Looking in the market for the needed components before starting the 

project. 

2. 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. 

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

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

memory, Internet Email, and CD Rome) 

9 



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. 
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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 



2 

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: 

• C language: to programming PIC18f4520. 

• 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: 

• The Microsoft Office Package. 

o 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: 

• CPU ( central processing unit) 

• RAM (Random Access Memory) 

16 



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

• I/0 (input/output) 

• DAC \ ADC ports. 

• 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 I/0 (input/output), and quick and efficient interrupt 

processing. Microcontrollers are a "one-chip solution" which drastically 

reduces parts count and design costs. 

Figure 2-1: PIC 18F4520 Microcontroller'') 

17 



2.3.1.2 PIC 18F4520 Features: 

DC - 40 MHz Operating Frequency . 

32 K Program Memories (Bytes): 

16384 Program Memory (Instructions) . 

1536 Data Memory (Bytes) . 

256 Data EEPROM Memory (Bytes) . 

18 Interrupt Sources . 

A, B, C, D, E I/0 Ports . 

Master Synchronous Serial Port (MSSP) module, Addressable 

USART Serial Communications. 

• Programmable Low Voltage Detect. 

• 
• 
• 
• 
• 
• 
• 
• 

. • Programmable Brown-out Reset. 

• 75 Instruction Set. 

• 40-pin DIP 
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Figure 2-2: PIC J 8F4520 Pin Layou/11 
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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 O 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. 
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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- 

0fh) 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 . 

42] Figure 2-3: 4x4 keypad 
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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. 
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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 on 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 tum 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. 

a 

·LGj+ 
el_---_------ ..... ,c 

..... ·_. 
dp d 

Figure 2-4: 7-Segment Display'! 

There is no automatic advantage of the common-cathode ?­ 

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/0 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 

• Serial cable can be longer than parallel cable. The serial port transmits 

'1' as -3 to -25 volts and a 'O' as +3 to +25 volts where as a parallel port 
transmits a 'O' as O 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. 

• 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 Receive 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/ELA-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 

• Operates from a single +5V power supply with 1.0-µF charge-pump 

capacitors. 

• Contain two transceivers. 

• Operates up to 120 Kbit/s. 

• Two drivers and two receivers 

• (+/-) 30-V input levels. 
• Low supply current ... 8 mA typical. 
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2.3.5.3 Applications 

• TIA/EIA-232-F. 
• Battery-powered systems. 

• Terminals. 

• Modems. 

• Computers. 

/NuAXIL./Al '¥! Thy; 

34-229 
4.4x2 32 
l,{4X.1J1A 

DIP/SO 

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 a maximum leakage current of 250 µA. 

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

2.3.6.2 Features 

• Open-collector outputs. 

• Drive indicator segments directly. 

• Lamp test input. 

16]] Vcc 

1sl] £ 

\LT 43 14[]g 

\DBI/\RBO '4 
\RBI l 5 

D6 
7 

74!.7 
b 

GND B ..__ _ 
d P. /5/ Figure 2-6: 7447 Deco er m 
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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 

• 50 kohm maximum switch on resistance 

• On or off chip clock 

• On-chip row pull-up devices 

• 2 key roll-over 

• Keybounce elimination with single capacitor 

• Last key register at outputs 

• Wide supply range: 3V to 15V 
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• Low power consumption 
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Figure 2-7: 74922 Encoder Pin161 

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 ton 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 

• Typical power dissipation 170 mW 

1Gl 
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1y]» 
GND\[ ±-- 

cc 
2G 
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Figure 2-8: 74153 Mux Pin"/ 

2.3.9 74138 Decoder 

2.3.9.1 General Description 

The 74LS 138 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 

• 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. 

• Low power dissipation ... 23 mW type. 

• Switching specifications guaranteed over full temperature and VCC 
range. 

• Typical propagation delay: 20 ns. 

• Wide power supply range: 2V±6V. 

• Low input current: 1 mA maximum. 

2 3 4 
Ao a A» E E> E, 7, 6ND 

d . [8/ Figure 2-9: 74138 Deco er pm 

3.10 74244 Buffer 

2.3.10.1 General Description 

The SN74LS244 is Octal Buffers and Line Driver designed to be 
ddress driver clock driver and bus-oriented employed as memory a , 

. I :. hich provide improved PC board density. transmitter/receiver w 
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2.3.10.2 Features 

• Hysteresis at Inputs to Improve Noise Margins. 

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

• Input Clamp Diodes Limit High-Speed Termination Effects. 

TY1 2A4 1Y2 2A3 fY3 2A82 1Y4 2A1 

(re p;-// Figure 2-10: 74244 Buffer 'in 
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3 

Project Conceptual Design 

3.1 Detailed Project Objectives 

3.2 Design Options 

3.3 Design Realization Approach 

3.4 Project Design Block Diagram 

3.5 Project Interaction with the Surrounding Environments 
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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: 

_l. 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. 

2. 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. 

3. 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' 

t. . the first one takes number one, the second takes the second reservation, 

number and so on. 
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4. Give the doctor a clear · · c th · VIS10n for 1e patient number, so he can manage 
his time to serve as much as h B · h. · · h e can. !y supporting rim witl two 
different displays one for the total number and other for the next patient 
to be served. 

5. 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: 

+.:. e. unit and memories. 2) Using Microprocessor 
3) Using microcontroller unit. 
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This project chooses the thi d . . 
r option which is using microcontroller 

unit (PIC18f4520) and th · · 
e option of choosmg 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 

· • f th system will not be performed until making sure Implementation o1 e 
. . ki ffi · ently. After designing, simulation and testing that every thing is work} ing et tc1 
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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 

{ Personal 
? Computer 

. 1· S tem Relationship Modeling Diagram Figure 3-: 3yster. 
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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 

Personal 
J Computer » .____-~--- 

Ding Dong I 
IC 

S t Relations/zip Modeling Diagram Figure 3-1: System 
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To develop model for the . . · information and functional domain at the 
same time the Data Flow Dia . 

gram DFD is presented. The DFD is refined into 
greater level of details and 1 .· . analyst. Figure 3-2 shows the data flow diagram. 

Personal 
Computer u_ser registration 

total number 

Data Base Information 
J 

~~ta base data 

toss, 
"%e 
\ total number/ 

\yalid data ~--·---..., 
4.. isplay 
I, : .ne~ded dat the ·display number, Seven 

Control '. desired .. Segments 
[ the order number display 

· I ofthe / ®e? 
patients ; · · 
, ,~start signal ,...,~--- ..... t /ontor 

C_-····· ,,/ valid data The \ Ding Dong music ping Dong 
Monitor music ,i • IC 
/ the ; IC ; . 

""··· current 
.number 
'.. 

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 th . . r 1e simulation details will be explained. 

3.4 Project Design Block Diagram 

Network PC 

Input Unit 
4-Keypads Microcontroller OutPut Unit 

12-SevenSegments 

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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input in this system which co fr . 
mes om hospital network PC in order to display 

the patients' total number · th d • . . 
m e esired clinic at the doctor room; display the 

total patient number who want t b · s o e served, this outputs on small seven­ 
segment display. 

Network PC [mm=!D] MAX232 Input Port PIC18F4520 
Microcontroller 

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 . 

4x4 
Keypads 

. I 
74922 }., 74153 

Encoders /' MUXs 
Input Port PIC18F4520 

Microcontroller 

Figure 3-5: Interfacing 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. 

PIC18F4520 
[ Microcontroller 

I I 74138 
} outPort ==+} pecoder 
] I 
! 

74244 
Buffers 

] Small 
7447 -} 7-segment 

Decoders I Displays 

Figure 3-6: Interf acing the Small 7-Segment Display 
with the Microcontroller 

3.4.4 Large 7-Segment Display 

· 1 7 t display is used to display the patient number for This arge -segmen 
• · th t · n so as the patient hear a soft sound he look at the the patients m e recep 10:., 

. h k if hi number appeared. This display is place above display screen and c ec 1 s 

the entrance door of clinic room. 

. t d to the Microcontroller via7447 decoder, as The display is connecte 

shown in figure3-7. 
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PIC1BF4520 
Microcontroller OutPort 74244 

Buffers 
7447 

Decoders 
Large 

7-Segment 
Displays 

Figure 3-7: Interfacing the large 7-Segment Display 

with the Microcontroller. 

4.5 Micro controller (PIC18F4520) 

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 

incorporation 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 presence of the patients and making a suitable place 
for them in th · · · e waiting room that enables them to see the display 
clearly. 

2. 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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Detailed Technical Project Design 

4.1 Detailed Description of the Program Phases 

4.2 Subsystem Detailed Design 

4.3 Over all System Design 

4.4 User -System Interface 
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Chapter Four 

Detailed Technical 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 

The system has two different inputs from two different places: 

1) 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. 

2) 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, INTI, 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 

d thr h by the 744 7 decoder which take four output lines from the connecte oug 
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 I . nterface 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 talce four output line from one port in the PIC then send seven output 

lines (A, 13, 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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port. The following figur h e si ows the interfe · · display. e acmg circuit for the 7-segment 

'er:: l4"'"9f 

_1~ .. JR.a 
I hr-, 
-:.'·1-1, 1=1.1=1. 

. . 
I 

4 

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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forwards four output to th PIC · 
e · The following figur h . circuit for the keypad. e s ows the mterfacing 

1. s s 
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~ PIC18F4520 
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pg ctr: 
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110.CC.PIIP\A 
11Cll8Cl!/!Q. 

Figure4-3: The keypad to the PIC Interface Circuit 

4.3 Over all System Design 

The overall system design is described m the following schematic 

diagram. 
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4.4 User-System interface 

The PIC communicates ·ith 
WI a Network PC by receiving 8-bit 

characters over an RS-232 line F · rom the PC. A graphical user interface (GUI) 
will allow a user to send the total b num ·er and the clinic ID as in figure 4-5 

isr Xl. ___ . . . -, ..:.. ~egency to clinic JI 
Clinics Table The system. ' { 

CniclD T otal_Number 
, H "--All%%0%.4%8..8..] 

2 6 
3 8 

k 
2 

Clear 

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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When 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 . 

2 

Emesency ta eta [] sa Ta%a 
; Total_Number 

6 
3 8 

4 2 

Are you sure you want to delete all values? 

· Total_Number 

. 4 6· ,,,he Clearing Button Function Figure '- · .t, 
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Other thing added to the GUI which is the system tab which has an 

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

exa n B aas ma a[[ii@7 S"] I About the system: 

1-The top three icons are ford 

2-The Emergency text box is I 
whhen pressed 00 number ap 

3- By clicking the saved icon th 
to the desired clinic. 

4-The clear button is for deleti 
the day. 

@
······· 

\ • :r ; 

PPU Graduated Project 

Done By: 
Fatima Manasra and Mona Al_hanini 

For more info. contact us at 

Fatima Manasratcilyahoo.com 

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

This chapter describes the b . asic program w ·d "MPLAB IDE" I e use to program our PIC 
- . {t also contai th ms e general psudocod fl h 

programs, alg rithms » 1e, lowcharts of the 
' gon s used in the 

1 
. system and the general programming 

a gonthms. 

5.1 MPLAB IDE 

MPLAB IDE is a software program that runs on a PC to develop 

applications for Microchip microcontrollers It is call d In · e an tegrated 
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 

Visual Basic or C compilers. When using language tools for embedded 

systems, a "cross-assembler" or "cross-compiler" is used. These tools differ 

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

another microprocessor, hence they "cross-compile" code for a microcontroller 

that uses an entirely different set of instructions from the PC. 

I 

I' 
I 
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The language tools also produce a debug file that MPLAB IDE uses to 

correlate the machine instructions 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 MP ASM Toolsuite, but many others can be 

used, including the Microchip Cl 7, 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: 

d hardware debuggers A programmer simply transfers the programmers an · _ 
. d fr th PC into the internal memory of the target machine co e om e • Th . troller can then be plugged into the application microcontroller. e microcon 

and, hopefully, it will run as designed. 

5.2 System Software Flowcharts 

th functions of the programs and algorithms These flowcharts shows e · 
1 for each part of the system there is . ak th stem work proper y, 

wntten to m e e sy . . , art d all these algorithms 
:. the function of its' pa ts an an algorithm wntten to show 

all behavior of the system. are joined to control the overa 
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5.2.1 Main program flowcharts 

These flowcharts describ h th . 
e 1ow 1e 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 small 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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on t 
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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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start oraa-,,, ring \ be Patients"./ 
,--.__k _ 
set all the ~I 7. rge 
. -segments to] 

Zero , 

key from thee ,. ..... 
. ke . - i 

'"" :Identify-the j 
operation i 

Execute the ! 
operation 

Display the · ... , ·y' 
result on the 1 

· large 7-segmenf / 

Yes · !Es thei:~~....._ 
other- key » 
pressed 

Yes 

!No .c...c, 
~ 

Figure 5-2: The Second General Flowchart "Connecting the 7-Segments 
with the Keypads" 
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5.2.2 USART Flowchart 

The USART is used in order to connect the network PC with the PIC. 

The following flowchart shows that in order to transmit data from the PC ,the 

USART should first configured correctly, then make sure that the USART isn't 

busy· if so the data will be send and after transmitting all the data the USART 
must be closed. 

nsmission Flowchart 
Figure 5.3: T" epoork PC to PIC" · Dita From IY Transmit a 
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At the receiving side the same thing will happened reversely. First asking if the 
receiving buffer is full or not (is USART busy) then read the data one by one . 

·Receiving Flowchart 
Figure 5.%_, pIC to Network PC" Receive Data from 
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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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5.3 Algorithms and Ps d eu iocode 

5.3.1 The main program l : algorithm: 

Void main (void) 

{ 

While (system is on) 

{ 

Configure the PIC 

Set all the 7-segments to zero· 
· 5 

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 0 
{ 
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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 then 
{ 

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; 

} 

Else 

If input=NEXT then 

{ 

Increment the patient number; 
. . b the inside 7-segment display; Display patient num er on . . 
: 1be the outside 7-segment display; Display patient num er on 

} 

If input=BACK then 

{ 

th f ent number; 
Decrement e pa 1 . . 

7 
_ ent display; 

:. iber on the inside -segm 
Display patient numt -;de 7-segment display; 

· the outside Display patient number on 
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} 

If input=NOANSWER then 
{ 

Save the patient number in th e 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 USART(); 

Busy USARTO; // Whil 6 e nusy do nothin 
Send data(); g 

} 

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 

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

Void display_total(int clinic[D,int total) 

{ 
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Identify the clinic; 

Show the total number on the small 7-segment ir side the ;; 
-: inside ie 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 
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Chapter Six 

System Implementation and Testing 

Preface 

To build a successful · t d · project, irawing 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 concentrate on a single 

device independent from the over whole system. 

. thi . t fi t began to implement project circuits using So, in is project 1rst 
:. ch circuit and insure that the output as desired, breadboard and after testing eac 

. d . · pping connection. then go to implemente it wire ra 
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6.1 Implementation 

6.1.1 Building Clock and Reset Circuit 

As an essential step is to build The Clock and Reset circuits for the 
PIC system, then connected the PIC to the other components. 

Reset 
c:::::C=:, 

L 1k 

PIC18F4520 
1OOk 

l'[MCR/VPP/RE3 
RAO/ANO 
RA1/AN1 
RA2/AN2/Vref /CVref 
RA3/AN3Vref 
RA4/TDCKI/C1OUT 
RAS/ AN4/SS/H LVD IN/C2OUT 

REO/RD/AN5 
RE1/WR/AN6 
RE2/CS/AN7 
RC O/T1 OSO/T1 3C Kl 
RC1/T1OS1/CCP2 
RC2/CCP1/P1A 
RC3/ SCK/ SCL 

13 OSC1/CLKI/RA7 
14 OSCZ/CLKO/RA6 

32 yad 

11 VD 

k nd Reset Circuit Figure 6-1: Cloc a 
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RB2/INT2/AN8 

RB1/INT1/AN10 
RBO/INTO/FLTO/AN12} 'T 

RD7/PSP7/P1D 
RD6/PSP6/P1C 
RD5/PSP5/P1B 

RD4/PSP4 /] 

RC7I/RX/DT }== '] 
RC6/TX/CK 

I 
. I 
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6.1 Implementation 

6.1.1 Building Clod· anrd Reset Ci 1 'cit 

As an essential st + ­ a, rep 1s ti d 

PIC system, then connected fl FF+: 8 

Ress: 
____rs_ 

I 
",_ 
·,:-:, ~ 

I I C - - • ~ ~~ -}#gtRA\VEER} 
' T20 

r 

for 
r t on 7- 

PIC18F4520 

'CLRVPPIRE3 

RMfANO 
RA1/AN1 
R;.2/AN2Nref/CVrd 
RA3/AN3Vref 
RAt/IDCKI/C1OUT 
RA5/AN4/SS/HL\IDINIC2OUT 

REOIRDIAN5 
RE1/WR/AN6 
RE2/CS/AN7 
RC0.IT1OSDIT13CKI 
RC 1IT1OSIICCP2 
RC2/CCP1/P1A 
RC3/ SCK/ SCL 

RB7IKBl3/PGD 
RB6IKBt2/PGC 
RB5IKB11/PGM 
Rf!,O/KB10/AN11 
RES/ANS/CCP2 
R62/INT2/ANB 

RB1/INT11AN10 
RSOIINTOIFLTOIAN12 

MAX232 

! 
0 

! 
<+> l p 
w 

25 

OSC21CLKOIRA6 
OSC1/CLKIIRA7 

RC6/TXICK 

]RcTRwDr 

32 
Vdd 

11 
VDD 

RD3/PSP3 
RD21PSP2 
RD1/PSP1 
RDOIPSP0 

Figure 6-2: Serial Port Circuit with PIC 

.3 Building sound Circuit 

This system includes sound circuit connected to the PIC with one pin. 
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6.1.2 Building the Serial Port (PC Interface) Circuit with PIC 

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. 

HI 

1k PIC18F4520 

R11N R1OUT 
R21N R20UT 

T11N 
i21N 

1 15 
C1+ GND 

: 
3 C1- 4 0 5 C2 6 C2 16 0 2 y+ vcc - 6 

V- 
,_ 0 0 0 g,. 

AX232 0 ed 0 . ·;: ... 0 luF r luF 0 0 PINS 

0 ~ t Ps? ; 6 

{MCLR/PP/RE3 

RAO/ANO 
RA1/AN1 
RA2/AN2Vref /C Vref 
RA3/AN3Vref 
RM/TDCKI/C1OUT 
RA5/AN4ISSIHLVDIN/C2OUT 

REO/RD/ANS 
RE1/WR/AN6 
RE2/CS/AN7 
RCO/T1OSO/T13CKI 
RC1/T1OS1/CCP2 
RC2/CCP1/P1A 
RC3/ SCK/ SCL 

2 CS/TNCK 

' P] RcnRwt 
32 Vdd 

11 VDD 

S . I Port Circuit with PIC Figure 6-2: +eria 

RB7IKB13/PGD 
RB6IKB 12/PGC 
RBS/KB11/P GM 
RB4/KB10/AN11 
RB3/ANS/CCP2 
RB2/INT2/AN8 

RB111NT1/AN10 
R80/INTO/FLTO/AN12 

RD7/PSP7/P1D 
R D6/PSP6/P1 C 
RD5/PSPS/P 1B 

RD4IPSP4 

6.1.3 Building sound Circuit 

t d to the PIC with one pin. d circuit connec e This system includes soun 
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1k PIC18F4520 

MCLR/VPPIRE3 

RAO/ANO 
RAT/AN1 
RA2/AN2Nref/CVref 
RA3/AN3Vref 
RA4/TDCKI/C 10UT 
RAS/AN4/SSIHLVDINIC2OUT 

REOIRD/AN5 
RE1/WRIAN6 
RE2/CS/AN7 
RCO/T1OSO/T13CK r 1ljRCrTiosiuccP2 
RC2/CCP11P1A 
RC3/ SCKI SCL 

Vdd 

VDD 

RB71KB13/PGD 
RBS/KB 12/P GC 
RB5/KB 11/P GM 
RB4IKB10/AN11 
R83/AN9/CCP2 
RB2/IN T2/ANB 

RB1/INT1/AN10 
RBOIINTO/FL TOiANl2 

R03/PSP3 
RD2/PSP2 
RD11PSP1 
RDO/PSPO 

10k 

10 1uf 

2 Sound z 
Circuit 

D285213123 LS1 

Q4 
DIODE 

PNP BCE 

SPEAKER 

560± 

10r 
03 
PN3565/TO 

D285213124 

DIODE 7o 

=O 

Figure 6-3: Sound Circuit with PIC 

6.2 Component Testing 

After arrival the chips that are needed for the project, test for them 

needed to be sure that non-of them are defective and all work well. Testing the 

chips done after connecting it to breadboard. 

6.2.1 Keypad Testing 

To test this chip, it was connected on breadboard as shown in 

figure(6-4). This circuit contain keypad, 74922Encoder, four Leds, and VCC 

and GND from power supply connected to the circuit. After turn on the power 

supply the circuit now is ready for testing. When any of the keys is pressed one 

Led or more are turns on. 
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:------------ 
~ _ ~ 4922 Encoder { 

-~--------1 
lg.' 

.- - - - - - - ., 
: Keypad ~--- 
•-- - - - - _ J 

Figure 6-4: Keypad Testing 

6.2.2 7-Segment Testing 

%+= 
,-----, 
: vcc I ·-----~ 

·1 r.~micitors 

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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Figure 6-5: 7-Segment Testing 

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 

To test this chip, it was connected with capacitors, VCC, and GND as 

Sh 
. fi 

6 6
) T- sti this chip done by entering a specific voltage 

own m 1gure ( - . es mg 

1 1 
• d then watching their results on digital multi- 

eve to one of the transceivers an 
meter. The following table contains the testing results: 

! 
. ! 
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Table 6-1: R . [ ±apt [ " suhts of he M. put Pin # Output Pin # e 1AX232 Circuit 
Input Pin Voltage Out Pin Voltage 

(V) 
11 or 10 14 or 7(respectively) 

(V) 

13 or 8 12 or 9(respectively) 
5 

10 

10 

5 

Tlw; l! } 
5-:32 

TI~ 
1 
j OOiPUTS. 

,] ls 
i 

nMS ] 
OUT;:\lTS r [SL»: 

15 

Figure 6-6: MAX232 Circuit 151 

6.3 Subsystem Testing 

In this phase each individual circuit that perfonns a special function 

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

This circuit was tested after connecting it on breadboard as shown in 
the schematic diagram in figure (6-7). A code was written by C Programming 

Language to enable the keypad to be an output unit that enables the keys to 
output data. The program worked correctly and the PIC programmed with this 

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 5volt 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) 

{ 

TRIS A =Ob 11111111; 

TRISD=ObOOOOOOOO; 

ADCON1=15; 

PORTD=PORTA; 

} 

77 



1k 
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OOk 
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MCLRIVPPIREJ 
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r 51RA2/AN2/Viet/CNret 

RA3/AN 3VIef 
RMfTOCKJ/CtOUT 
RAS/AN-4/SS/HLVOIN/C20UT 

REOJRDIANS 
RE11WR /AN6 
RE2JCS/AN7 
R CO/T1 0SO/T13CI 
RC1/T10S1/CCP2 
RC2/CCPHP1A 
RC3! SCK/ SCL 

OSC1ICLKI/RA? 
0SC2/CLKOIRA6 

U13A 

32 Vdd 
11 voo 

RB7B13/PGD 
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RBSIKB11/PGM 
RD4/KDBTQ/ANT1 
RB3/AN9/CCP2 
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RB111NT11AN10 
RBO/IN TO/F TO/AN12 

RC7/RXIOT 
RC6ffi'JCK 

Rcs/SD0 
RC-41S DI/SOA 

ROl'PSPJ 
R02/PSP2 
ROI/PSP1 
RD/PS }' l ( 

7404 

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 

the schematfo diagram in figure (6-8). A code was written by C Programming 

Language to enable the 7-Segment to display number. 
Figure(6.) show breadboard connection for this circuit and the output on 7- 

Segment. 

The code for this circuit is: 

Void main (void) 

{ 

TRISA=0b 11111111; 

TRISD=0b00000000; 

ADCON1=15; 

PORTD=PORTA; 
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} 

w PIC18F4520 

a==al" RA11AH1 
RUA2I AN2Nrt IC N re 
RAS AN Tye! 
AMl1t>C IQ/C101.n 

~ RA::JNi,c,.'f:SML\IOINJC:Ou'1' 

1 e RB)'ffOJAH!:> 
RE11\'AIA,NO 

% fjl{g' 
RC11T10SIICCr--.;: 
AC:tCGP'U'P'IA 
RC» SCK! SCL 

Figure 6-8: 7-Segment Circuit with PIC 

6.3.3 Testing PIC and Sound Circuit 

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

the schematic diagram in figure(6-3). A code was written by C Programming 

Language to enable the PIC to output sound on the speaker that is audible to 

human. 

The code for this circuit is: 

void sound(void) 

{ 

PWM(l); 

Delay IKTCYx(100); 

PWM(S); 
DelaylKTCYx(l 00); 

CCPI CON=0b00000000; 
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} 

void PWM(unsigned char i) 

{ 

CCPI CON=ObOO001111· 
' 

T2CONbits.TMR2ON = 1­ 
' 

T2CONbits.T2OUTPS3 = l · 
' 

T2CONbits.T2OUTPS2 =l · 
' 

T2CONbits. T2OUTPS 1 = 0· 
' 

T2CONbits. T2OUTPS0 = 0· 
' 

T2CONbits. T2CKPS 1 =0· 
' 

T2CONbits. T2CKPS 1 =0· ' 

PR2 = 255 ' 
TRIS Chits. TRISC2=0· ' 
T2CONbits. TMR2ON = 1 · ' 
CCPRIL = 5i: ' 
} 

6.3.4 Testing PIC with Serial Port (PC Interface) Circuit 

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

the schematic diagram in figure (6-2). A code was written by C Programming 

Language to enable the PIC to receive data from serial port and output this data 

The function for the PIC is: 

void USART Re sieving O 

{ 
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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); 

while(!counter) 

{ 

while (BusyUSART()); //do nothing 

clinicID=ReadUSAR T(); 

POR TE=clinicID; 

!counter; 

}//while 

while (BusyUSART()); //do nothing 

TotalPatientNo=ReadUSART(); 

if (TotalPatientNo=0) 

{ 
h all 7-segments PORTBbits.RB7=1; //enable t e sm 

switch( clinicID) 

{ 
th 1st 7-segment case( 0x00): //Enable e 
PORTEbits.REO=O; 

PORTEbits.RE1=O; 

PORTEbits.RE2=0; 

:. the second clinic case( Ox01): //Choosing the s 
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//Enable the 2nd 7 -segment 
PORTEbits.REO=1: 

PORTE5its.REI=1: 
POR TEbits.RE2=0: 

' 

case(0x02): //Choosing the third .. r clime 

PORTEbits.REO=l · 
' 

PORTEbits.REl =0· 
' 

PORTEbits.RE2=l · 
' 

case(0x03)://Choosing the fourth clinic 

PORTEbits.RE0=l · 9 

PORTEbits.REl =l · 3 

PORTEbits.RE2=1 · 5 

if ~TotalPatientNo=0)DisplayEmergency(); 

Display Total(TotalPatientNo); 

}//switch 

CloseUSAR T(); 

} 

} 

6·3·5 Testing One Clinic Design 

The system also tested on one clinic design. Figure 6-9 shows the 

schematic diagram and the following one shows the implementation on the 

breadboard. 
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Figure 6-10: One Clinic Implementation 

The code for testing one clinic is as following. 

#include<p 18f4520.h> 

#include<portb .h> 

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

#include <delays.h> 

void DiplayKeyPressed(int); 

void arrayputNo Answer(int); 

void arraygetRecall(void); 
int Input,first,second,number; 

int Input; 

int flag=O; 
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int Arraykeys1[20]; 
int Arin=O; 

int Arout=O; 

int i; 

#pragma interrupt aa 
void aa(void) 

{ 

if(PORTBbits.RB0= 1) { 

Input=PORTA & 0B0000l 111; 

TRISD=00; 

ADCON1=15; 

TRISA=0b0000l 111; 

if (lnput>=0 && Input<=2) { 

if( flag == 1) 

{ 

second= Input; 

first=first<<4; 
number= first + second + 1; 

PORTD=number; 

++flag; 

} 

if(flag = 0) 

{ 

first= Input; 

++flag; 

DelaylKTCYx(l); 

number= first + 1; 

POR TD=number; 
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} 

}//if (Input>=O && 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; 

++flag; 

DelaylKTCYx(l); 

number= first; 

PORTD=number; 

} 

}//if (Input>=4 && Input<=6) 

if (lnput>=8 && Input<= 10) { 

if( flag == 1) 

{ 

second= Input; 

first=first<<4; 
number= first + second -l; 
PORTD=number; 
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++flag; 

} 

if(flag == 0) 

{ 
first= Input; 

++flag; 

DelaylKTCYx(l); 

number= first -1; 

POR TD=number; 

} 

}//if (Input>=8 && Input<=l0) 

if (flag==2)flag=0; 

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

if(Input= 14) {--number;POR TD=number;} / /BACK 

if(Input=l l)arrayputNoAnswer(number);//NO ANSWER 

if(Input=7)arraygetRecall(); //RECALL 

if(Input=3) {PORTD=ObOOOOOOOO;for(i=0;i<20;++i)Arraykeys 1 [i]=O;} //CLE 

AR 

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

}//if(PORTBbits.RB0= 1) 

}//Interrupt 

#pragma code high_vector=Ox08 

void high_vector (void) 
{ _ asm goto aa _endasm } 
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#pragma code 

void main(void) 

{ 

INTCON = 0bl00l0000; 

INTCON3=0B00 11100; 

ADCON1=15; 

} 

void arrayputNoAnswer(int KeyArray) 

{ 

//Saving in The first clinic Array 

if(Arin<l 8) 

{ 

Arraykeysl [Arin]=KeyArray; 

++Arin; 

} 

! 

I 
i 
i 
i 

} 

} 

void arraygetRecall() 

{ 
//Recalling The first clinic Array data 

int Key Array; 

if(Arout<l 8) 

{ 
k 1fArout]; KeyArray=Arraykeys 
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PORTD=Key Array; 

//DelaylKTCYx(l ); 

++Arout; 

} 

} 

6.4 System Software Testing 

The software that controls the system was tested alone without 

hardware by using PICI 8 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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7.3 Future Works 
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7.1 Conclusions 
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Chapter Seven 

Conclusions and F t uture Work 

This chapter introduces some signif : cant points ab t h 
continuing do more and more in the field of ou t e way of 
. the system concepts or tools Also 
it represents the conclusions extracted duri . . · , · ngdesigning and implementing it 
The chapter illustrates the system impl . . · ementation 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 learned 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 different approaches and experiences, 

f hinki
. d how to develop an approach to solve 

especially the way o tl ing an 

problems. 

t we've faced and solved in the 
There were different problems that 4: . 1 · · ed how to trace the different signals 
Implementation phase in which we learn© different d 1 b module, and how to use 
step by step, chip by chip, and mo u e Y 

tools and utilities. 
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**For programming thePIC18f4520 microcontroll 
. o er, we used MPLAB IDE 

Program with MPLAB ICD2 debugging and progr · d . 
amming levice. 

The microcontroller can be programmed in differ t 1% 
Ierent languages using 

MP LAB IDE. The language we used is C so all programs are written inc. 

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 

. . roblems appears and new way of 
As we go on the project a new p 

1 try to stop the pro gram. thinking comes to solve any obstacle 

7.2.1 Hardware Problems 

h ed of many . lf It led to t e ne roblem itsel . 
The size of the project was a p : techniques by using the decoders 

rt expansion I 
ports from the PIC so we use po d less availability. 

to high cost an and the muxes. It also leads 
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7.2.2 Software problems: 

The software was much difficult than we thought. We face ma /hard 3 
· 1a any iarc issues. 

Those enforce us to change a written program many times. The first code we 

wrote was about 1024 line for the keypads and the 7-segments 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. 

b · this system. . banks and institutions may e usmg ** Comparues, 
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APPENDIXB 

Code 



i\pendix B 

The keypads and the 7-segments code 

#include<pl 8 f 4 52 0. h> 
Unclude<portb. h> 

int Input, first, second numb , er· 
int Input; ' 
int flag=0; 

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

int Array keys 1 [ 2 0] ; 
int Arraykeys2 [ 2 O] ; 
int Arraykeys3 [20]; 
int Array keys 4 [ 2 o] ; 
int ClinicID; 
int Arin=O; 
int Arout=0; 
int i; 

•l 

ipragma interrupt aa 
void aa (void) 
{ 

if(PORTBbits.RBO==1) { ·//Choosing the FIRST clinic 
ClinicID=l; 
pORTAbits.RA4=O; 

PORTAbi ts.RA5=07 
PORTAbi ts.RA6=0; 
pORTAbits.RA7=0; 
Input=PORTA & OBOOOOllll; 

Display()7 
}//if(PORTBbits.RBO====l) 

if (Po . th SECOND clinic 
RTBbits.RBl==l) { //Choosing e clinicID=?7 pORTAbits.RA4=l 

poRTAbits.RA5=07 



PORTAbits.RA6==1· 
PORTAbits.RA7=6, 
Input=PORTA ¢ 0BOO001111.: 
Display(); 

} //if (PORTBbits.RB1==1 

{#(PORTBbits.RB2==1) { //Choosing the THIRD clinic 1 
PORTAbits.RA4==0; 

PORTAbi ts. RA5==1; 
PORTAbits.RA6==0; 
PORTAbits.RA7==1; 

Input=PORTA & 0B0000llll; 

if ( Input==0) 
{ //Choosing the FOURTH clinic 
ClinicID=4; 
PORTAbits.RA4=1; 

PORTAbits.RA5=1; 
PORTAbits.RA6=1; 
PORTAbits.RA7=1; 
Input=PORTA & 0B0000llll; 
Display(); 

} 

ClinicID=3; 
Display () ; 

} / /if ( PORTBbi ts.RB3==1) 

} / /Interrupt 

#pragma code high_vector=0xO8 
void high vector (void) 
t _asm goto aa endasm } 
#pragma code 

Void main (void) 
{ 

INTCON = OblOOlOOOO; 
INTCON3=0BO0111007 
ADCON1=15; 
TRI SD=O0; 



1sA=0b00001111; 

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

void Display (void) 

{ 

if (Input==13) PORTD=Ob00000000; 
if (Input>=0 & & Input<=2) { 

i f ( f 1 a g == 1 ) 
{ 
second=Input; 
first=first<<4; 
number= first+ second +1; 
PORTD=number; 
sound () ; 
++flag; 
} 

if(flag==0) 
{ 
first=Input; 
++flag; 
Delay]KTCYx (1) 7 
number= first +1; 
PORT D=number ; 
sound () ; 
} 

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

if ( Input>=4 & & Input<=6) 
i f ( f 1 a g == l ) 
{ 
second=Input7 
first=first<<4; 
number= first 
pORTD=numbe i 
sound () ; 
++flag; 
} 

if(flag 
{ 

second; 



first==In 
++fl put; ag; 
DelaylKTCY number [(l); 
POR - first; 

TD-number· 
sound () . ' 
} , 

}//if (Input>==4 & & Input<=6) 

if (Input>=8 && Input<=l0) { 
if(flag === l) 
{ 
second=Input; 
first=first<<: 
number= firs~-: - L , 

PORTD=nu..mber; 
sound (); 
++flag; 
} 

second -1; 

if ( flag == O ) 
{ 
first=Input; 
++flag; 
DelaylKTCYx (1); 
nunber= first -l; 
PORTD=nurrlJer; 
sounci.{}; 
} 

/4if (Input>=E a5 I1st<=C 

:.:: (J:np-at==3) i / /CLZAR 

PORTD=ObOOOO000O; . -246,--1)2rraykeysl [=l=® 
:_:i< 7- < 

if (Clinic1D=l)for'>' 



if (ClinicID=2)for(i=O;i<20;++i)Arraykeysl[i)=O; 

if (ClinicID=3)for(i=O;i<20;++i)Arraykeysl[i)=O; 

if (ClinicID=4)for(i=O;i<20;++i)Arraykeysl[i)=O; 

} 

ut==l2) {if (flag==0)PORTD=first; 
if(Int ORTD=number; 

sound () ; 
} //ENTER 

/d. lay - ********** / //iisp! ANSWER FUNCTION /***********NO 

( int KeyPressed) void NoAnswer 

{ into the Queu //save the no. l 

if (ClinicID=l) 'n<lB) 
{ if(Ari 

{ - . ] -KeyPressed; Arraykeys][Arin = 
sound() i 
++Arin; 
} 

if (ClinicID=2) 
{ 

if (Arin<18) 
{ ·pressed; 

2[Arin]=Key Array keys 
sound () ; · 
++Arin; 

} 

if (Clinic1D=3) 
{ 



if(Arin<l8) 
{ 
Arraykeys3[Arin]=KeyP 

d() 
ressed· 

soun ; ' 
++Arin; 
} 

if (ClinicID=4) 
{ 

if(Arin<l8) 
{ 
Arraykeys4[Arin]=KeyPressed; 
sound(); 
++Arin; 
} 

/***********RECALL****************/ 

void Recall() 
{ 
//Pop the two no. from the queu 
if (ClinicID=l) 
{ 

if(Arout<l8) 
{ 
PORTD=Arraykeysl[Arout] 7 
sound(); 
++Arout; 
} 

} 

if (Clinic1D=2) 
{ 

if (Arout<18) 

~ORTD=Arraykeys2[Arout]i 



sound() ; 
+Arout; 

} 

if (ClinicID=3) 
{ 
if (Arout<l8) 

ORTD=Arraykeys3[Arout] ; 
sound () 7 
++Arout ; 
} 

} 

if (ClinicID=4) 
{ 

if (Arout<18) 
{ 
PORTD=Arraykeys4[Arout]; 

++Arout; 

void sound(void) 
{ 

PWM ( 1) ; 
DelaylKTCYx(lOO); 
PWM (5) ; 
DelaylKTCYx(lOO); 
CCPlCON=ObOOOOOOOO; 

Void PWM(unsigned char i) 
{ 

CCPICON=Ob000011117 

T2CONbits.TMR2ON = 17 
T2CONbits.T20UTPS3 = ]7 



g2cONbi ts.T20UTPS2 =1; 
g2cONbits.T20UTPS1 = O; 
T2CONbits.T2OUTPS0 = 0; 
T2CONbits.T2CKPSl =0· , 
T2CONbits.T2CKPSl =0· , 

PR2 = 255; 
TRISCbits.TRISC2=0; 
T2CONbits.TMR2ON = l; 
CCPR1L = 5* i; 

} 



re USART code 

4include <p18f4520.h> 
#include <us art. h> 
4include <portb.h> 
#include <pwrn. h> 
4include <timers. h> 

4pragma conf ig osc = INTI067 
4pragma config PBADEN = OFF 
#pragma conf ig WDT = OFF 
#pragma conf ig MCLRE = ON 

//void Close USART (void) ; 
void DisplayTotal (int) ; 
void DisplayErnergency (void); 
void USARTResieving (void) ; 
char Busy2USART ( void ) ; 
//void DisplayTotal (int); 

void main (void) 
{ 
TRISD=ObOOOOOOOO; //Configure PORTD I/0 as output 
TRISE=ObOOOOllll; //Configure PORTE I/0 as input 
ADCONl=ObOOOOllll; // Enable digital I/0 
USARTResieving () ; 

void USARTResieving () 
{ 
int counter=O; 
int TotalPatientNo; 
int clinic ID; 
OpenUSART INT OFF & USART ASYNCH_MODE & 
(USART_TX_TNT_OFF & USART_;7 USART_BERGH]10, 77) 7 
USART EIGHT BIT & USART_CONT_R = 7 

while (!counter) 
{ 
while (BusyUSART()); 
clinicID=ReadUSART(); 
PORTE=clinicID; 

I ·counter; 

//do nothing 

} //while 



ile (BusyUSART()); //do nothing 
cctalPatientNo=ReadUSART () ; 
±r (TotalPatientNo==O) 

'sRrBbits.RB7=1; //enable the small 7-segments 
switch (clinicID) 

{ 
case( 0x0O) : //Enable the 1st 7 -segment 

PORTEbits.RE0=0; 
PORTEbits.REl=0; 
PORTEbi ts.RE2=0; 

case ( 0x01}: / /Choosing the second· clinic 

//Enable the 2nd 7-segment 
PORTEbits.RE0=l; 
PORTEbi ts. REl=l; 
PORTEbits.RE2=0; 

case ( 0x02) : / /Choosing the third clinic 

PORTEbits.RE0=l; 
PORTEbits.REl=0; 
PORTEbits.RE2=1; 

case ( 0x03) : / /Choosing the fourth clinic 

PORTEbits.REO=l; 
PORTEbits.REl=l; 
PORTEbits.RE2=1; 

if (TotalPatientNo==0) DisplayEmergency (); 

DisplayTotal(TotalPatientNo)i 

} //switch 
loseUSART (); 

} 

Void DisplayEmergency(void) 
{ 

PORT D=O; 



sound () ; 



me GUI 

public Class Forml 

pim currentTotalsArray As 
Dim WithEvents serialPort Integer() = {O o 0 As New IO ' ' ' 0} .Ports.SerialPort 

Private Sub ClinicsBindi N . 
S 

· ng avigators 
sender As ystem.Object, ByVal ave Item_ Click (ByVal 
Handles ClinicsBindingNavigat : As System.EventArgs) 

Me. Validate () or ave Item. Click 

Me.ClinicsBindingSource.EndEdit(). 

Me .ClinicsTableAdapter.Update (Me Cl· · D . · inic BDataSet.Clinics) 

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

End If 

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, or remove 

it, as needed. 

Me.ClinicsTableAdapter.Fill(Me.ClinicDBDataSet.Clinics) 

SerialPortl.Open() 
End Sub 

#Region "Update functions" 
Pri va te Sub checkUpdated() 

Dim row As DataRowView 
Dim rowindex As Integer 
Dim totalCurrentNum AS Integer 
Dim newCurrentNum AS Integer 

; s -sBindingSource.Count 

For rowlndex = 0 To Me.ClinlC 
1 . ce Item(rowindex) :\dingsour' · ) Me:ClinicsBi° _otalsArray(rowlndex 

row · _ current o 11 

totalCurrentNum - ( "Total Number ) 
- row - 

newcurrentNum - > ewCurrentNum) Then 
If (totalCurrentNu" 



,ewCurrentNum 
currentTotal sArray ( rowIndex) = 
Me.outputSer: 

row ( "ClinicI D") ) lal ( newcurrentNum, 
End If . 

Next 

End Sub 

4End Region 

4Region "Output functions 11 

Private Sub outputSerial(ByVal 
ByVal clinicID As Integer) outTotal As Integer, 

'OUTPUT .SERIALLY TO MAX 
MsgBox ( "Transmi ting: ClinicID=" & clinicID & " 

Total=" & out Total) 

Try 

SerialPortl.BaudRate = 9600 
SerialPortl.Parity = I0.Ports.Parity.None 
SerialPortl.DataBits = 8 
SerialPortl.StopBits = ro.Ports.StopBits.One 

Catch ex As Exception 
MsgBox(ex.Message) 

End Try 
Try 

'Send the clinic ID 
SerialPortl.Write(clinicID) 

Catch ex As Exception 
MsgBox (ex.Message) 

End Try 

End Sub 
#End Region 

d 
As system.Object, 

val sen er Private sub clrBtn_click'?',%s cirBtn.clic 
Byva] e As System.EventArgs) ®° 



Dim userCh As MsgBo::R x. .esult 

userCh = MsgBox ( 11 Ar 
11 e you su 

all value~? , MsgBoxStyle. YesNo, "Dre you want to delete 
Dim row As DataRowView op Table") 

If userCh = MsgBoxResult • · Yes Then 
For i As Integer= 0 T 

ye .ClinicsBindingsource.Count _ 1 ° 
row = Me Clini B' : · cs lDdingSource.Item(i) 

Me.ClinicsTableAdapter.Delete (row ( "ClinicID") 
row("Total_Number")) 

Next 

Me.ClinicsTableAdapter.Fill(Me.ClinicDBDataSet.Clinics) 
End If 

End Sub 

Private Sub TextBoxl_TextChanged(ByVal sender As 
System.Object, ByVal e As System.EventArgs) Handles 
EmergencyTB.TextChanged 

Dim EmergencyID As Integer 

EmergencyID = Val(EmergencyTB.Text) 
If EmergencyID <= 4 Then 

If EmergencyID >= O Then 

Try 

: {]Port].BaudRate Seria · ·t = 
serialPort1.rar1. Y 

IO.Ports.Parity.None 1 DataBits SerialPort. · . ts = SerialPort1.stopBl 
IO. Ports. StopBi ts. one 

= 9600 

8 

Exception 
Catch ex AS Message 

MsgBox (eX· 
End Try 
Try 



ergency ID) 

End 

'Send the cl. . S s anic ID 
er1.alPort1 W . 
'Serials±],}F®(Emergency r) 
M · rite(O) 
sgBox ("cl· . 1.n1.c emergency=" & 

Catch ex As Excet; 
M: Pl.1on 
SgBox (ex.Message) 

End Try 
If 

Else : MsgBox("You have enter a wrong clinic ID") 

End If 

End Sub 

Private Sub LinkLabell_LinkClicked(ByVal sender As 
system. Object, ByVal e As 
system.Windows.Forms.LinkLabelLinkClickedEventArgs) Handles 
LinkLabell. LinkClicked 

About Us. Show () 

End Sub 

End Class 
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~ ,,, Diag@, 
28-pin PDIP, SOIC 

PIC18F2420/2520/4420/4520 

MCLRNPP/RE3 - 
RAO/ANO­ 
RA1/AN1 - 

RA2/AN2NREF·/CVREF - 
RA3/AN3NREF+ - 

RA4fTOCKI/C1 OUT - 
RA5/AN4/SS/HLVDIN/C2OUT - 

Vss-­ 
OSC1/CLKI/RA7 ._ 
OSC2/CLKO/RA6 - 

RCOfT1OSOfT13CKI - 
RC1fT1OS1/CCP2111 - 12 

RC2/CCP1 - 13 
RC3/SCK/SCL - 1-1_4 _, 

oo 
~~ 
N N u.u. 
00 00 
""" """ (.)(.) 
ii:ii: 

-- RB0/INT0/FLT0/AN12 
--voe 
--vss 
-- RC7/RX/DT 
-RC6ffX/CK 
-RC5/SDO 
- RC4/SDI/SDA 

40-pin PDIP MCLR/VPP/RE3 - 
RAO/ANO -­ 
RA1/AN1 -­ 

RA2/AN2NREF-/CVREF _.;: 
RA3/AN3NREF+ ...­ 

RA4fTOCKI/C1OUT - 
RA5/AN4/SS/HLVDIN/C2OUT - 

REO/RD/AN5 - 
RE1/WR/AN6 - 
RE2/CS/AN7 - 

\/DD 
Vss-­ 

OSC1/CLKI/RA7 - 
OSC2/CLKO/RA6 - 

RCOfT1OSOfT13CKI - 
RC1fT10S1/CCP2(1) - 

RC2/CCP1/P1A - 
RC3/SCK/SCL - 

RDO/PSPO 
RD1/PSP1 - 

00 
NN 
"q"lt) 
'q' 'q' 
LL U. 
00 00 
"""""" (.) (.) a: a: 

40 
39 

..._ RB7/KBl3/PGD 

..._ RB6/KBI2/PGC 
_ .RB5/KBl1/PGM 
_ RB4/KBIO/AN11 
a s RB3IAN9ICCP2h 
_ RB2/INT2/AN8 
_ RB1/INT1/AN10 
_ RB0/INT0/FLT0/AN12 

-vss 
- RD7/PSP7/P1D 
_ RD6/PSP6/P1C 
_ RD5/PSP5/P1B 
_RD4/PSP4 
_RC7/RX/DT 
-RC6fTX/CK 
% % RCS/SDO 
_ RC4/SDI/SDA 
s RD3IPSP3 
s RD2IPSP2 

2po oz; #ggPz =0le- < 05 l +5 · QFN ... 0 a. iii iii iii iii 
28-pm ~ ~ \~~ ~ ~ ~ 

~~ ~~~~~ 

1titttt 
28272625242322 21 

1 e 20 
RA2JAN2/VREF-/CVREF - 2 20 19 

RA3/AN3NREF+ - 3 PIC18F24 18 
RA4fTOCKI/C10UT- 4 PIC18f2520 17 

RAsmwissntvoN?'[",s «o 
6 15 

OSC1/CLKIIRA7- 7 g 9 1011 121314 
OSC2/CLKO/RA6 - 

i:1;} 
3 5g®@° 
ct) Cl..(.) :2 0 ~ t: 9gi& t:S2ucn- a:: gd¥ i3 69 2i ... t: t: ... 
0(.) 
2@ 

. for CCP2 multiplexing. 
Nole 1: RB3 is the alternate pin 

RB3/AN9/CCP2'1l 
- RB2/INT2/ANB 
- RB1/INT1/AN10 
- NTO/FLT0/AN12 %s RBOI 
a(DD 
a/SS 
-RC7tRXfDT 

OS39631A-page 3 
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PIC18F2420/2520/4420/4520. 

Data Latch 

PIC18F4420/4520 (40/44-PIN) BLOCK DIAGRAM 

PORTA 
rrT • ._..,. ,._, RAO/ANO 

RA1/AN1 
RA2/AN2VREF-IC VREF 
RA3/AN3NREF+ 
RA4fTOCKI/C1OUT 
RA5/AN4/SS/HLVDIN/C2OUT 
OSC2/CLKO)IRA6 

'''f gOSC1/CLK®O/RAT 

Table Latch 

Address _(]red@ 

05c4®) [X} P#I 

oscillator 
0sc2®) [X ] [l[start-up Timer 

Power-on 
Reset T1OS1 

Watchdog 
Timer 

Brown-out 
Reset 

Fail-Safe 
Clock Monitor 

Comparator 

State machine 
control signals 

Power-up 
Timer 

PORTB 
[] [44 DX] RBO/INTO/FLTO/AN12 

RB1/INT1/AN10 
RB2/INT2/AN8 
RB3/AN9/CCP211l 
RB4/KBIO/AN11 
RB5/KB11/PGM 
RB6/KBl2/PGC 
RB7/KBl3/PGD 

""E .ceosorsocs 
• RC1fT10S1/CCPi 

RC2/CCP1/P1A 
RC3/SCKISCL 
RC4/SDI/SDA 
RC5/SDO 
RC6fTX/CK 
RC7/RX/DT 

RDO/PSP0:RD4/PSP4 
RD5/PSP5/P1 B 
RD6/PSP6/P1C 
RD7/PSP7/P1D 

RE0/RD/AN5 
[,,r} (l cg+rWRIAN6 

RE2/CS/AN7 (2) 
MCLRVe/RE3 

cP2MX is not set. 
RB3 when C d as digital 1/0. 

cpP2MX is set, or are not being use 
ration bit C hen these pins 

. RC1 wen config" disabled. . tor modes and w 
Note 1: CCP2 is multiplexed with MCLR functionality select osc11lal informauon. 

ble when ,able]? ]3yiional',44 
2: RE3 is only availa co are only av~~tlons" fora OS39631A-page s: osccti and O],",ator coinau 

Refer to Section 2· 

1·1rnina.-Y pre 
© 2004 Microchip Technology Inc. 



APPENDIXD 

Components 
Datasheets 



segment 

ace 

11.ovesftow 

IA 

7.6mm/0-3in. Low Current 
by Hewlett Packard 

:/:f\/~%i~i 
" l#? 

$'.3 
al # « -» 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 AIGaAs versions have a very bright output 
making them ideal for use in high ambient light 
conditions. The low current displays have very low 
power consumption and are compatible with both 
TTL and CMOS circuitry. 

VF (lyp.) 
Ir (1yp.) 
V, (min.) 
1n1e11sily 
View angle ± 
Po . 
Operating temperature 

technical specification \-35'?7 
Hi eff. AIGaAs Green Low Units 
Red Red Current 

Red 
2·1 1·6 
20 2 
3 3 
3·4 0-27 
50 50 
105 52 

-40C to +85C 

2 
20 
3 
5·4 
50 
105 

2 
20 
3 
14 
50 
96 

type . 
common anode 

red (hi elf) HDSP-7501 
AIGaAs red HDSPA151 
green HDSP-7801 
low current IIDSP-7511 

common cathode 
red (hi elf) HDSP-7503 
AIGaAs red HOSP-A 153 
green HDSP-7803 
low current HDSP-7513 

10-9mm/0.43jr L ·--- . 
· in. ow Current Hewlett Pnclcard 

COMMON 

4F­ .,_-,, :.: ' 
D'ECPOINTICA) 0 • !J OIECPOINT(CCJ 

s d 
PIN CONNECTIONS 

(TOP VIEW) 

COMMON ANODS.- lll DP ll•IN et 
co,.,.,.,.u,,. c.-.,,,our;_ ,o,n .. :,,.,.. •1 

W.12·7 H. 19·05 o 6·35 I • . 
° ex.pins). Pin spacing 254 Row spacir 7-62 

~ow current displays with very low power 
onsumption and compatible with TTL and MOS circuitry, 9 

technical sjiciri&ion EFG{Ff&kg EBE FF7 
Hi elf. Gr~en Low Units 
Red 

V, (typ.) 
l,(typ.) 
V, (max.) 
Intensity 
View angle ± 
P% 

Operating lemperature 

2·1 
20 
3 
1115 
50 
105 

Current 
Red 

2·1 1·6 
20 2 
3 3 
1750 370 
50 50 
105 52 

-40'C to + 85'C 

stock no. 

195-170 
195-215 
195-192 
589-086 

195-186 
195-221 
195-209 
589-092 

type 
RH decimal point 
common anode 

red (hi elf) 5082-7651 
green HDSP4601 
low current HDSP3351 

common cathode 
red (hi elf) 5082-7653 587-383 
green HDSP4603 587-399 
low current HDSP3353 589-121 

Lil decimal point 
common anode 

red (hi off) 5082-7650 587-175 

V 
mA 
V 
cd 
deg 
mW 

12-7mm (0-5in.) Light Grey face 
7-6mm/0-3in. 
Quality Technologies 

H. 18·75 W.'9·8 0. 5·08 
Pin spacing 2·54 
Row spacing 7·62 pp: ,­ ... 5/fE. ±lE 

Jrtor.. C.I-• I D-.-:-:- •. C•I-•. •-!' f -.- ,;; • • 

nae» all7» re ousaa a ai coses. mo 
common anode version has a single left-hand . 
decimal point whilst the common cathode version 
has a single right-hand decimal point. . 

wane"Vey_+= 
V,(yp) 1-6 2-2 V 
V,(max) 6 6 V 
hi(typ) 10 10 mA 
1,(max) 30 30 mA 
lntensily(per segment 1yp) 2·5 2·0 rnccJ 
View angle :!: 75 75 deg 
P', (per segment max) 60 60 mW 
Operating temp, · -4D"C 10 +85"C 

type 
common anode 
MAN72A red 
MAN3420A green 
common cathode 
MAN74A red 

stock no. 

587-894 
587-901 

587-917 

PIN CONNECTIONS ITop Vu:w1 

<swoon f,42. %. 
'l ff ·» ., ,- .. , 
•4 :..:., )()p 

as[ 6COM»gy 

V 
mA 
V 
med 
deg 
mW 

COMMON l 

NO PIN 4 

NOPIN fl 

stock no. 

195-158 
195-164 
589-115 

King bright 

J(ingh,ighl 
part no. 
Common 
anode 

red 
/H.E./ 

SAOS-1 IEWA SA05-11SAWA SAOS· I tGWA 

CT" «carves 
V, (yp.) 2 
l, (typ) 70 
t, (max.} 30 
V, (max.) 5 
Intensity 
(min) 2-2 
Intensity 
(ma) 
Powtr 100 
dissi~lioo tOS I c ,augc. 40-C 10 t 85-C 
Operating tempetall 

5 6 

SC05-1 tSRWA 
1-85 
20 
JO 
5 

5 6 

21 

10 6 

Co,M,on Anod o 

# 414 
Common Cath de 

H 19 W.12·7 0.8 Pin spacing 2-54 Row spacing! ·,·24 
. t LED displays with right hand deci al 7 segmen • 11 . 11·1 gme•·ts oints. Standard grey face wit w I e se ' • 

P . ht red types have AIGaAs LEDs. Ft r 
,"",,""or cs «ia o e semicons 
oavsrs an@tterdacesec" 7777FF 773g 
tochntcal specification'_ eio» onus 

super· green 
bright red 

SAOS-11-WA 

SC05- 11GWA SCOS-11 WA 
22 2-t V 
20 20 mA 
25 JO mA 

5 5 V 

22 22 med 

5·G 5 6 med 

105 105 mW· 

type stock no. 

common anode 235-8777 
red (11.E.) 
super 235-8755 
bright red 235-8799 
green pgg235.8828 
yellow 
common cathod:35-8783 
red (H.E.) 
super 
bright red 
green 
yellow. 

235-8761 
235-8812 ■235-8834 .. 



uywvrvvrut 1U / IIldl03f ....... ors 
q.mm/0-56in. Low Current 

tett packard %% 
Ii;_: •. }{"' 
r · 
f's Pin Connectors 

(Top View) 
CC 
00 
EE 

a sz%8«as 

Single digit: W.12·57 H.17·2 D.lex pinslB 
l)ualdigil: W.25·15 H.17·02 D.(ex pins)B 
A choice of single and dual digit displays vw th right­ 
hand decimal points. The AlGaAs versions Jive a 
verv bright output making them ideal form. e in high 
ambient light conditions. The low current o splays 
have very low power consumption and are 
compatible with both TTL and CMOS circu,:ry. 
Connections are along the top and bottom Jf the· 
display to simplify wiring in multi-digit appl cations: 

waisits'& Es 
Hi elf. AIGaAs Green L,1w Units 
Red Red C ,rrent 

F.d 

'±# . . 
• t:::r_J • 

• [J a . . . 
• osty ') 
pey 

'THE S.S.M. VALUE EQUALS 
THE PACK QUANTITY' 

type stock no. 

common anode LH d.p. 
ll.E.rod D235-8878 
common cathode Lit d.p. 
H.E.red ■237-0963 
common anode RH d.p. 
H.E.red 235-8862 
S-B red ' 235-8840 
green ■235-8907 
common cathode RH d.p. 
H.E.red 235-8884 
S-B red ' 235-8856 
green ll235-8913 
yellow ■235-8935 

universal ■235-8890 
low current common anode 
H.E.red ■247-2722 
S-8 red• 11247-2738 

type stock no. 

V, (typ.) 
l, (typ-) 
V, (max.) 
lnlensity 
View angle± 
P% 
Operating temperature 

2·1 
20 
3 
2·8 
50 
105 

1·8 
20 
3 
16 
50 
96 

2-1 16 
20 2 
3 3 
2·5 0·17 
50 5( 
105 5; 

-40'C to +85"C' 

V 
mA 
V 
med 
deg 
mW 

lype stocll no. 

z 5 0 a u N OI q u 
0 

., 'O C> u n. 
0 

Dig. I Oig.2 

low current common cathode 
H.E.red 11247-2750 
S-B red• ■247-2766 
green 11247-2772 
2-digit common anode 
H.E.red [1247-2930 

. S-B red ' ■247-2996 
2-digit common cathode 
H.E.red ■247-3028 
S-B red DDI247-3034 
green 247-3040 
• S-8 = Super-bright 

PIN CONNECTIONS 
Topvlew 

Single digit 
H. 27·7 
W.20 
D.8·4 

Two digit 
H. 25·8 
W.35·8 
0.10 

Pin spacing 2·54 Pin spacing 2·54 
Row spacing 15·24 Row spacing 22 . 
7 segment LED displays, all have right hand decimal 
points except SA08-12EWA and SC08-12EWA which 
have left hanrl decimal points. Standard grey face 
with white segments. Super bright red types have 
AIGaAs LEDs. The low current displays have very low 
power consumption and are compatible with both 
TTL and CMOS circuitry. 

25-4mm (1-0in.) Light Grey Fe 
by ingbright 

single digit 
common anodo 

red (hi efl) HDSP5501 
AIGaAs red HDSPH151 
green HDSP5601 
low current HDSP5551 

common cathode 
red (hi elf) HDSP5503 
AIGaAs red HDSPH153 
green HDSP5603 
low current HDSP5553 

dual digit 
common anode 

rod (hi elf) HDSP5521 
common cathode 

red (hi elf) HDSP5523. 

Corman C 

587-945 
195-114 
195-091 
588-623 

587-951 
195-120 
195-108 
588-639 

195-136 

195-142 

20mm/0 -8in. 

3; 
t · i1 /9% 

St k&55%5 
~- 19·6 D. 8-38 H. 27-69 
Pin spacing 2-54 Row spacing15-24 i~o high efficiency, red displays. Both disp! iys have 
,!._-l~and and right-hand decimal points. 

"pf#wwmiss ww #s 
tma) 1-7V 
'rltyp) 3V 
hma) 20mA 
lntun · 25mA r srty/digil ltyp) 2·2mcd 
d"••omen1 (max) 50mW 
PPerating temperature -40"C to .+85"C - 

rg+ 5EB or,am>',,° "·" 

Colour King bright 
part no. 

v, 1, tnrcnsity 
typ. typ. max. med 
/ mA m/A min, m.,x. 

Common nnodo LH d.p. 
fl.E.red SA08-12EWA 10 30 
Common cathode lH d.p. 
HE.red SC08•12EWA 10 30 

Common anode FIH d.p. 10 30 
H.E.rcd SA08-!1EWA 2 

Supcr-Urighl red SAO8-11SRWA 1·85 10 30 

Green SAOS-llGWA 22 10 25 

Common cathode RH d.p. 10 30 
H.E.red SCOB-llEWA 2 

Super-bright red SC08-11SRWA 1·85 10 30 

Green SC08-11GWA 22 10 25 

Yellow SC08-11YW/A 2·1 10 30 

Universal ± '1, overflow 
H.E.rcd· FX08-11EWA 2-2 lO 
Low current common anode 
HE d SA08-11LEWA 2 
& iaanea sAas..sRwA 185 2 
Low current common cathode 2 

sco8-11LEWA 2 
HE.red 1LSRWA 185 2 
Super-bright red SC08-I 

z-coo """,cy z o 
HE.red .41SRWA 1-85 10 
Supcr-b1ighl red OA08· 
Common anode 
H.E.red 
Super-bright red 

DEOg-11EWA 2 10 
pc8-11SnWA 1-85 10 
c8-11GWA 22 10 

Green 
V,5V .arCto +85"C 
Operating temperature range 

2-2 

22 

22 9 
9 21 
1-4 36 

2-2 9 
9 2.1 
1-4 36 
1-4 36 

Power 
dissipation 
mW 

105 

105 

10S 
100 
105 

105 
100 
10S 
10S 

30 2-2 9 10S 

7 0-36 0-9 26 

30 1·4 S·6 100 

0·36 0·9 26 
30 1·4 5-6 too 

30 22 10S 
30 9 21 100 

30 2-2 9 105 
30 9 21 100 
2S 1·4 3·6 10S 

Common /lnOd C 

{NI 4 
T f.i • 2 I 9 10 S T f.i • 2 

H. 34 w.24 D.105, 
Pin spacing 2-54 How spacing 30-4 
7 segment LED displays with right hand d 
points. Each segment has two LED chips 
point has one). Standard grey face with 
segments. Super brig ht red types have A 
6cinicafispsirsiisill&i±lg} 

K ingbright 

part no. 
Common 
anode 
Common 
cathode 
V,(typ) 
l,(typ) 
I,(max) 
V,,(max) 
Intensity 
(min) 
Intensity 
(max) 

,cd 
(H.E.) 

super 
hright rr.ri 

14 31 

green 

SAl0-21EWA SA10•21SRWA 

SC10 21EWA SC10-21SRWA SC10-21GWA 
2 1·85 2-2 
20 20 20 
30 30 2S 
S S 5 

5·6 14 3·6 

Power 
dissipation 105 100 105 
Operating temperature range -40'C lo +85"C 

type stock no. 
· Common anode 
red(H.E.) 235-8979 
superbright 
red 235-8941 
yellow ■235-9017 
Common cathode 
red(H.E.) 235-8985 
superbright 
red 
green 
yellow 

235-8957 
I235-9001 
1235-9023 

type 
©ommon anode 
red (Hi ell) 
common cathode 
red (Iii el 

stock no. 

850-653 

ocn c:. 
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TOP VIEW 

I• d to RS by Standard Microsystems 
suppl© 
Col'JI• d . . . II h g500 is 8 keyboard enco er i.c. containing a t e 
Th~ d debounce circuitry to encode a S.P.S.T. 
logic an rd array. The output is a simple 9-bit bi nary 
:~;hich can easily be converted to the required 

• formation by use of an external custom prom 
cod~~oprocessor. Maximum flexibility of key layout 
~~routput coding ~ith the added benefit of easy. 

alfication is achieved. The keys are scanned with 
"""Csatput by ten input matrix giving very versatile 
:"~oard options. Pin selection of N-key lockout and 
;key rollover is possible and an 'any-key down' 
tput is also available. Outputs ate three state T.T.L. 
:mpatible, 40-pin d.i.1. plastic package. 

MM58 174AN cs 
NROS l 

NWDS 
DB, ' 

a»sac##±saw#5;gig Su» +svas 
Supply current 40 mA max. 
Clock frequency 10 kHz to 100 kHz 
Contact resistance 300 Q max. 
Operating temperature range 0C to + 70 ·C 

Data sheet 6812 VMarch 91 available. 

ttws 
1i-key 
MM74C922N 

TOP VIEW 

Supplied to RS by National Semiconductors 
AC-MOS keyboard switch encoder i.c. incorporating 
all the logic necessary to fully encode an array of up 
~ l6 S.P.S.T. switches (normally open) into a natural 
4lnaryco~e. The switches normally arranged in a 
d x4 m~trIx are sequentially scanned at a rate 
fretermined by either the internal clock, the 
equency of which being determined by an external 

capaclt ' be or or alternatively an external oscillator, may 
used resulting in full synchronisation within a 

"ystem. The circuit automatically debounces the 
Switches although this function can be disabled if not 
required. Internal latches store the last entry made· 
~en after the key is released. The outputs are · 
,_]?9l\owing expansion and bus orientated 
Pe _tion .. Internal pull-up resistors on key inputs 
co rmitsw1tches with up to so kn 'on' resistance to be 
pO:nected directly to the device. All outputs are low 
Volt er SchottkyT.T.L. compatible. Operating supply 

age: +3to 
I5 V (18 V 40'Ct rnax.). Operating temperature range: 
suitab~ +85 •c. 18-pin d.i.l. plastic package. Se: also 
section~ keyboard 337-100 or 334-410, in the Switches 

Pata s teet 3374 November 83 available. 

=l-% 'ln"I ,.,..,. '' ........ _ ~ ,.. "TA f?.Q7 

DPG570AN 
TOP VIEW 

.J Vee 
l PFAfC 
1 TCK 

no, 
1 D, 

TOPVl(W 

DP8572AN 

• Yee 
pFiJ[ , 

Jt o, 
o, 

o D, 
1] D, 
' o, 
v D, 
s) D, 

• INTR 
1 MFO 

Supplied to RS by National Semiconductor 
Two general timer clock peripheral circuits for use in 
microprocessor based systems where information is 
required 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 
Power failure switchover circuitry 
Power failure time log in internal ram 
Supply glitch protection. 

On-chip interrupt and 44 bytes of CMOS ram give 
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. 

5warsaws@WET±zag 
Supply voltage operational 4-5 to 5-5 V 

standby 2·2 V mm. 
Supply current operational 20 mA max. 

standby (32-768 KHz) 10 µA max. 
Operating temperature range .40C to + 85C 
C tal frequencies 32kHz, 32-768 kHz 
rys 4·194304 MHz 

or 4-9152 MHz 

Supplied to RS by National Semi conduct, 
AC-MOS device designed for use as a real tim 
and calendar in bus orientated microprocesso 
digital systems. An interrupt timer is included, 
may be programmed to interrupt at 60, 50 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 bait 
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. 

·,J 

Supply voltage 
Standby 
Operational 
Supply current 
Standby 
Operational 
Operating temperature 
range 

2-2 V minimum 
4-0 to 6-0V 

4 A typ. 22 V 
1 mA typ, with 5 V sup 

C to + 70C 

Data sheet 4298 March 86 available. 

"=ls 
MM58274CN 

Supplied to RS by National Semi~~nduc 
The 58274 is a complete real-time clockiv- © 
for use in bus orientated microprocessor /s 
This device is pin compatible with th? 58174, 
incorporating the added features of timekee] 
to 99 years faster access times, improved de 
and extra interrupt periods. The extended 
timekeeping includes units and tens of year'. 
registers, 12 and 24 hour counting is also no 
available. To simplify data reading a testable 
h ged flag is included allowing error free, 

~e:;ing. Basic operation is similar t<;> th~ 581 
however different data and addressing Is rec 
utilise the new features included in the 5827, 
d.i.l. plastic package. 

aisj&&u@IEEE&EE 
- · · .- db 2·2 V minimum Supply voltage: stan _Y •5 5-S v operational 4 to db 4 A typ. at 2·2 ~ Supply current: stan _Y I 1 mA typ at 5 V 

operational .40C to .j. SS'C 
Operating temperature range 

heet 5875 July 85 available. Datasi · • 

.~s.s.M.".'1 · J · ·.--, · ': 
'- price each stock no. 'j.g 10-24 

... ·. ·• 659-337 £6:80 . £4·90 



,M64C922/MM74 C922 16 key 
{pis4€923/1MM74.c923 26 key encoder encoder 

general description 

These CMOS key encoders provide all the necessary 
gic to fully encode an array of SPST_switches. The 
lieyboard scan can be implemented by either an ext_ernal 
clock or external capacitor. These encoders also have on­ 
chip pull·up devices which permit switches with up to 
soicrf on resistance' to be used. No diodes in the switch 
array are needed to e"lirninate ghost switches. The 
internal debounc_e. circuit needs only a_ single external 
capacitor and 'can be defeated by qr.nitting 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 
Availa.tiie 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. 

1n internal register remembers the. last key pressed. 
afier the key is released. The TRI-STATE outputs 

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

features 

D 50 k0. maximum switch on resistance 

• On or off chip clock 

a On chip row pull-up devices 

11 2 key roll-over 

• Keybounce el_imination with single capacitor 

a Last key register at outputs · 

11 TRI-STATE outputs LPTTL compatible 

• Wide supply range 

11 Low power consumption 

3V to 15V 

onnection diagrams 

Dual-ln-Line Pack age 
Dual-ln-Line Package 

ROW YI 
lO Vee 

II l9 DATA OUT A 
ROW YI Vee ROW Yl 

ROW Y2 
17 OATAOUTA 

II OATAOUT! 
ROW Yl 

ROW Y) 
16 OATA OUT 8 

l7 DATA OUT C 
P.DW Y4 

ROW YC !2 rA out C ROW VS 
t& DATA OUT 0 

OSCILLATOR 
14 OAlA our 0 

tS DATA our f 
OSCILLATOR 

lEYIOUNCE MASK 6 13 OUIPUI rnucr 
14 OUTPUT ENABLE 

KEY BOUNCE MASK 

COLUMN x4 
12 OATA AVAILABLE 

ll OATA AVAILABLE 
COLUMN X4 

COLUMN Xl 
11 COLUMN XI 

ll COLU'-IN XI - 
COLUMN Xl 

lO COLUMN XZ 
10 '' couux? 

GNO 
GNO 

TOP VIEW 

Order Number MM54C922N 
or MM74C922N 

) See Package 20 
/ 

TO# vI£ 

Order Number MM54C923N 
or MMT4C923N 
See Package 20 A 
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iypical applications 

Synchronous Handshake (MM74C9221 

MM74C922 

X4 KBM 

Xl 
·X2 
XI 

Yi 
Y2 
VJ 
Y4 

osc 
SYSTEM 
ClOCK 

ISEE NOTE JI 
C 

T 

s 

ot 

characteristics (can't) 

TO DATA BUS 

MMNC74 
D 

Q 

d, {K R 

DATA AVAILABlE 
UNVIT ATION: 

.._ _. _. ENABLE OUTPUT 
!RESPONSE• 

G 
C 
2 
C ::: !!! 0.1 
C 
C 

~ ... 
"' ~ 0.01 
:, 

S 
C 

Typical Oobounc p . 
vs GgM ·0 ariod 

1 10 . 

CKBM lufl I 

OE 

100 

Synchronous Data Entry Onto Bus (MM74C922) 

MT4€922 s 
X4 KBM 

Xl 
X2 

XI TO DATA BUS 
Vl 

7 6 
A 

V2 

8 A 
DA DATA AVAllABLE 

Yl 

F E D 

SYSTEM 
([((K l»bf 

!SEE NOTE JI 

Outputs are enabled when valid entry is made and 
go into TRI-STATE when kev. is released. 

Asynchronous Data Entry Onto Bus (MM74C922l 
.----5= 

,oc 1}(( , 

.I. T_ cc MM 74C922 ,, " , , =r (E + < rcp' 
-]yg KB <3 O' 

-----~~ x1 1 rr "]x2 
woo»odd] f I 

»»d»@pbomm Y1 

Y2 
VJ 
Y4 

8 A 

TO DATA BUS 

A lLP L----o-➔ QATA AVAILABLE 
DA l'l 

' d then data is placed on bus. 

T TE 
·1 key is presse . 

Outputs are in TRI-S A unti 10 TRI-STATE. · 
When key is released, outputs return • mg.,,,,_ ,4aarwr; osc. directly if the system.cloc 

',,,/®keys ,44%%g9'®'96.°'' 
J '°"'•r tt-;,., oa,d may be synch ,onously scanned by om• · 

9 
. ; '{} ;:'.I __. 

~--10kHz. .. . ....,. 

1!6 74CO4 

8 7 < 5 
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MM7 4C922 • MM74C923 
16-Key Encoder • 20-Key Encoder 
General Description Features 
The MM74C922 and MM74C923 CMOS key encoders r _ 
vide all the necessary logic to fully encod P 

0 II 50 k2 maximum switch on resistance 
SPST · h e an array of sw1tc es. The keyboard scan can be im 1 

■ On or off chip clock 
b · h P emented 
y either an ex1ernal clock or external capacitor Th ■ On-chip row pull-up devices 

encoders also have on-chip pull-up devices wh · h es~ it5h¢ wit uch permit ■ 2 key roll-over 
switches with up to 50 k£2 on resistance to be used. No ■ Keybounce elimination with single capacitor 
diodes in the switch array are needed to eliminate ghost 
switches. The internal debounce circuit needs only a single ■ Last key register at outputs 

external capacitor and can be defeated by omitting- th I 3-STATE output LPTTL compatible 

capacitor. ~ Data Available output goes to a high lev:i ■ Wide supply range: 3V to 15V 
when a vahd keyboard entry has been made. The Data ■ Low power consumption 
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 compat- 
ible. 

Ordering Code: 
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-O13, 0.300"° Wide 

MM74C923N N20A 
20-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide 

Device also available In Tape and Reel. Specify by appending suffi x letter "X" to the ordering code. 

Connection Diagrams 
Pin Assignment for DIP 

Pin Assignment for SOIC 
'-./ 

' u II ROW Y1 - I 20 l- Yzc 

RWY Vg ROW Y2 1 2 1g l> DATA OUT A 

ROWYZ _! ..,!.!. DATA OUT A ROW Y3 3 
18 '- DATA OUT B 

now Ya ­ J!!. DATA OUT B ROW Y4 I 4 17 - DATA OUT C 

now a ­ ~ DATAOUTC NC =I 5 16 DATA OUT 0 

oscnuAron -? 
~ OATAOUTD OSCILLATOR - 6 

15 -NC 

~ ODJPUI tNAiiIT EYBOUNCE MASK - 7 
U '- OUTPUT ENABLE 

KEY80UNCE MASK _!. 
_!.!. DATA AVAILABLE 

COLUMN X4 - 8 
13 l- DATA AVAILABLE 

couuN x4 =± COLUVN X3 -I 9 
12 "- COLUMN XI 

COLUMN XJ _! 
~ COLUMN XI GND = 10 11l- COLUMN X2 

GND ..!, 
[! couv x? 

Top View 

Top View 
MM74C922 

MM74C922 

www.fairchildsemi.com 

IO co 
~ 
CD 
'< 
m 
5 
co 
0 
Q. 
CD -, 

© 2001 Fairchild Semiconductor Corporation 
D5006037 
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OM7404 
Hex Inverting Gates 
General Description 
This device contains six independent gates each of which 
performs the logic INVERT function. 

Ordering Code: 
Order Number Package Number Package Description 

OM7404M M14A 14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150 Narrow 

OM7404N N14A 14-Lead Plastic Dual-In-Line Package (POIP), JEDEC MS-001, 0.300 Wide 
Devices also available in Tape and Reel. Specify by appending the suffix lotter -x· to Iha ordering code. 

Connection Diagram Function Table 
A4 Y4 Y =A 

1 A6 Y 6 A S VS 

12 II 10 • I Inputs Output 
13 

A y 
L H 

-{>o-- Do Do- H L 

H HIGH Logic Level 
L = LOW Logic Level 

Do Do -{>o-- 

11 I 7 J • 5 6 

A2 Y? AT YJ GND 
Al I 

- CD 
UI 

www.fairchildsemi.com 

© 2000 Fairchild Semiconductor corporation 
ps006494 



+5-Pow .. ered, Multichannel RS-232 
Drivers/Receivers 

TOP VIEW +5VINPUT 

A\IEXL 
MAX220 
MAX232 
MAX232A 

DIP/SO 

Vec 

GND 

T1our 

{ 

11 T11N 

TTUCMOS · +5V 
INPUTS 400k2 

10\ T2 

{ 

12 R1our 

TTUCMOS 
OUTPUTS 

16 
+ 1 C1+ Vee 

C1 3 +5VTO +10V 

4 
C1- VOLTAGE DOUBLER 

+ CZ+ +10VT0-10V 
5 C2- VOLTAGE INVERTER 

+5V 
400kn 

V+ 2 +10V 

V- 6 -10V 

=" 
T1ol/T 14 } 

/ RS-232 
OUTPUTS 

T2out 7 

R1IN 13 

CAPACITANCE (µF) 
DEVICE C1 C2 C3 C4 cs 
MAX220 0.047 0.33 0.33 0.33 0.33 
MAX232 1.0 1.0 1.0 1.0 1.0 
MAX232A 0.1 0.1 0.1 0.1 0.1 

15 

5kn } RS-232 
INPUTS 

= 

Ill s 
2 
3 
t 
t 
¢ 

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

TOP VIEW 

+5V INPUT C3 ALL CAPACITORS= 0.1µF 

el" = 17 
2 

C1+ 
vcc 3 +10V 

C1 + +5VT0+10V V+ . 4 C1- VOLT AGE DOUBLER 
(N.C.J EN 1 5 v- 7 -10V C2+ 

(N.C.) EN . 
SHON 

+ +10VT0-10V 
C1+ 6 C2- VOLT AGE INVERTER E 

C1+ Vee· V+ +5V 

V+ GND JMIXL/N 400k2 

MAX222 12 T1IN T10UT 

15 } .MAXI.NI T1our MAX242 +5V RS-232 

MAX222 R1 -·~{ 400k62 
MAX220) OUTPUTS 

MAX242 INPUTS 
11 T2iN T2UT 8 

R1our 

T1 13 RlOUT RIIN 

14 } T2our T2 R2 RS-232 } 5k2 

R2 R2our 
INPUTS 

OUTPUTS 10 R20UT 

DIP/SO 
ssOP 1 [(Nu.c.)El 5k2 

== SHDN 
18 

( )AAEFORMAX222 ONLY. CKAGES ONLY. 
PIN NUMBERS IN TYPICAL OPERATING CIRCUIT ARE FOR DIP/SO PA 

. 1 operating Circuit 
Figure 6. MAX222/MAX242 Pin Configurations and Typica 17 

4IAXLAM 
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54153/DM54153/DM74153 Dual 4~Line to 1--line 
oata Selectors/Multi.plexers 
General Description 
Esch el these diti eledkxsfrru trlexgrs dart&rs irert 
rd drseers ts up2ply fuly &xrz2lrnerttary, &xi-hip:, iira» 

~-sdeoc.xiir,g d.<ti.::i ~lecti(.'!'1 ~ he AND-OR-im:erl glit,es_ 
Jeµ~ale s1rcbe ir1.::uts .:re prC\·ided k.-r e.:t:::h .::.,1 1he t· ... -c 
kur-liree sz±dtides 

J•.r1!! 1983 

Features 
t perry± rrultlexrxg tern Nlires : 1 Ire 
ta Perk:errs £;arsll-el-t--=;sit &er±sadr 
t 5t:be {sutkel lre prided ler cs:adirg {N lires te 

rt lines) 
high l&ri-cut, Iw·rrz;edarce, I&terns&i± ufput 
t Tical sage prc;sggtr1 d±rs trres 

Frcrr ditg 11 rr:,; 
FrcmT std&e 18rs 
Fram s&sect 20 rs 

11 T),t:;ie!II i:)O"A'er dS<IgPil hCi'1 1 7•) rnW . .• 
Ii Al'l!!rr!.'.:!le IY\li~ryiA-!sc;;;l.:':10'~ de·.iC:.'2 i54153'1 1~ .:':l',·:sl· 

lible. C-atl.:':1(:1 a N-:i!icn:il Serroc:C::-a'.lucY.:< S3lel Ollie& 
DiSirtbuiC-< br ·:i;::ecik-:il<:t1:,;. 

Connection Diagram 
Dual-lr-Lire Patka 

Ar2± INPUTS 
----------.. otnPUT STii-OOr A ::?C3 2C-t +';r: as SELE©I 

Function Table 

1s 12 

2C 1 :,c-., y-;, 

r.l 10 9 

n A A 

8 IJ. A A 

s ti 

Sele<:t Data Inputs strobe- Output 
Inp ul s 

Ct C2 C3 G V B A CQ 

X X X H L X X X 
L L L X X X L L 

t-1 X X L L L H X 
L X L H X L X L 

L H X H X X L H 
L L X X L X H L 

X L H 
L X X H H 

L L X L H H X X 
L H X H H H X X 

.... LoT 4GC1a' 
1 . ti 

$tH0BE ea, S!:L£c, .__ _ 

DATA N{'Uf'S 

Tc3 1C 1 1CC> ;'.:JU'ff'Ul GMD­ 
Y1 

TLres47-'4 
. . · QB OM54t Sl.l, Orier Number 54152DMCE, 54152FM£ 1. 

"'""'5• 153\PI or DM7 • 1 S3N .u. ..,._ . o!IA,Ntffl:: or WTiA See NS Package Number -JT 
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OM74LS244 
Octal 3-STATE Buffer/Line or· /L" 1ver 1ne 
General De·scription 
Tl)?Se buffers.tine dll_:-ers are desgied lo lrnprcr,e bolh 10., 
panorma(l:e and PE board denslly of 3-S.TAlE bune ·, 
arers employed as memry-address divers, ex qr 
rs, ard tus-or=nled transmit=rs.receivers. Featirns ks 
mV cf n;-steresis at eacn tow current PNP data 1100 lnp 1 
tt}?'f' prcukte lrnr.to·,'ed nol9? re}=Clt~, aid high ranour d:,: 
puls and can b? used to drt·,-e terrnhated llnes o::t.\n 10 
133U 

Features 

Receiver 

■ 3-STATE oolpulsdrl·,e bus Ure. direr.It,· 
■ FN P lnp.J ts reduce D: loadlrg co bus i,n~ 
Ill tslerests al dala trpuls Improves nots mar gins 
■ T'pplc-al l.:,L (SlrK rurrenl) ,M m.!-. 
■ l',p1c-a1 l,:,H (source c11ren11 -15 mo\ 

■ T't'PIC'3I prcpagalr.:o del3'p' llmes 
tn-.-erllrg 10. 5 rr; 
Nonn·.-er11n~ 12 m; 

■ T-,ptcal enabte.'dt;wl€' lln"t? 1e ns 
■ T·,plcal pO'A\:f dl!>slpall.on (enatled1 

ln-.-erllrg 13C• mW 
Nonn-."'r1lrg 135 m','i 

Ordering Code: 
01 tl?r Ntnnber Pact-age 1·1umber Pac.i..age Description 

pll74Ls244%4 r.t~)B 2( .. le<ad srnal cumne lnlegraled Clrrull (SOIC), JEDEC t.lS-01~. 0.300','ildl? 

Dt.474LS.244SJ M20D :20-LE-ad srnal C.Xllllne Pact;.age (SC.'fl), EIAJ TYPE II, 5.3mm vme 
D M74 LS.24 it N 

N20A 20-Lead Ptasllc oual-ln-une Package ~PDIP), JED EC t,IS-001, o.wo '.'/lde 

Connection Diagran1 
'i<.-C 2G t 'I' 1 ""4 f'l'2 2,1,3 I '1'3 2.A2 I '1'4 2,1, I 

1C I,\ 1 i'l'<i 1A2 ~V~ 1 A.3 2'11'2 i ~-~ 2'f I 

Function Table 
Inputs output 

- . y t3 .... 
L L L 

L H H 

H ·x z 
L LC!Log ls 
H HEGHLage Lsvh 
x Eitr LIA! r HEH Loqi: Lsl 
Z Hh mp!an: 

,,.,.,.,.,.,,.ra1rc1111ctsem1.can 

¢ 2000 Falrctilit &erlconductcr Ccrpor alloD 
pso@442 



FAIRCHILD LOGIC/CONNECTION DIAGRAMS 

D130 
t1•190, 74LS190 :/1 .. 191. 74LS191 
11 15 1 10 I 

% P± Ps 

U/D RC 13 5 
CE 

TC 12 
14 o, 02 03 

3 2 • ., 
Vee= Pin 16 
GNO=Pln8 

DIGITAL-TTL 
0131 

9321, 93L21, 
54174S139,S4LS/74LS139 

1 2- 3 1.5 14 13 

4 5 0 T 

E Ao An 

i>ECODERb 

D133 
'301,93L01tt302 

,s 14 2 

E A An 

DECODER a 

Oo Or O; Os 

0 "'· Or0a09 O; O+ O2 OJ Oa J5 O6 

1S 12 11 10 I l 4 & 

Vee Pit1. 16 
GN,O= Pin 8 

D135 
5417442. S41.&114LMZ · 

5417443 M/7444, 54n445 
s4/Asai5, 54L.&/z4Ls145 

1$ UI 13 12 

A, iA2 

1 2 3 4 6 6 7 9 

Vee:== Pin 16 
GND • Pl-n 8 

'f2 1f 10 9 

0132 
54/74155,54LS/74LS15S 
S4n4156, 54LS/74LS,156 

1 2 13 3 14115 

l,fJ .,._-t-1 lv.i O:ECODal b ~CODE.'RI 
A,a----, 

0 1 2 3 1 2 3 

f 
7 6 5 4 9 10 11 12 

Vee= Pin 16 
GND = Pin 8 

1 

3 

. i2 t1 10 
15 14 ,, . 

61 .. 16 Vgg = rr 
GNO:::: Pin 8 

Vee= Pin 16 
GND = PinS 

0134 
93324, 93L.34, 54L.S/74LS259 

14 13 

D 
Ao 

~ 06 o- c Oo O 1 02 03 o, 0~ : 

15 4 

0136 38/ 
54s/74s138, 541.$/74181%8, 

$ t; 1 9 10 11 12 

Vee~ Ptn 16 
GND » Pin 8 

0137 
93S137 

4 t 2 3 

I 

15 14 n ,t 11 ,a 
Vaz » Pir 16 
GN.O = Pln 8 

13-80 



connection Diagran1s. 
DI1F 4L 5138 L 

C)j.T .!I (.{.111•~1 r:>; 

vCE ,·n Y 1 Y:l! Y:l Y-1 -. DI174LS 139 

ls Pg !,1:L£(.T (1ATI!. 01/TPIJTI; 

I 'b YI;: I Nf,llll . - - 
h ,., ~~ , ' 'cc C:.i 

-. ----. 
•.o ',:.! 

l 
'} [% ls [s 

1!2 2Y 2'1"\ 2Y2 ;''l;:J 

l» » I,, ]o ,. ~ 
co ,'1 J, J ~- hr .--Q__ 

- b- 
~ 

1, 
,) () .... 

r<: 

I ;· «4 ~ II ' [ 'r' ? y i A cf7 - 
ti F r; r.7l. (;., 'H [;t\lJ 1 [> IF I ·1 j° [s I ' [> .. - OUTPUT 

SEI£<T f.lw:.!lLE 
Er.16B..E A1 Bl n·o 1"• I ty2 ts3 r..t.a.J 

(i.1 ·--.,.. __ . 
LFCT TATA CJ1PIT5 

Function Tables 
Dr.'17-4LS13.S Df.174LS1~ 

Inputs outputs Inputs 
Enable Select Enable Select 

outputs 

G1 $2 (Note 1j r B A YO Y1 Y2 Y3 Y4 Y5 YG Y7 G B A YO Yt Y:'! Y3 _. 

X H X X X 1-t H t-1 H H H H Ii Ii X X H H H Ii 

L X X X X 1-t H 1-t H Ii H H H L L L L H t-1 H 

H L L L L. L H 1-t H 1-1 H H H L L Ii Ii L 1-1 H 

H L. L L. H H L H H H H H Ii L Ii L Ii Ii L Ii 

H L L H L H H L H H H H H L H Ii H H H L 

H L L 1-t H H H H L H H H Ii 

H L H L. L H 1-t H H L Ii H H 

H L 1-t L H H H H H H L H H H HIG-HL.;,,o,;j 

H 
L LCl,','Lt.•,.:.I 

H L H H L H H H H H 1-t L X D et £at% 

H L H H H H H H H t-1 H H L Nole 1: a2 C:.1.\ .. :.;·E 

Logic Oiagrarns 
D174LS 129 

- ' 

0M74LS13.S 
-.. 1111!1 • ..., 

=T"" 
r _--...,_P-- 

sac+ ea 'Dp> 
,'°'%n 

ye""" y-" ,-- » f,3 

['·~~ pf--\ 

. ·~ -.-~- - ~ 1145 ,4 . ,·rf:. .!!L{>,_...,H>--l_=t. ,2!.,., 
·~•.11.t,~, ... .,,!-- .{t'.\ J I fll! VJ ~--~~. • n· .!?!.-{)c,-- ...._V n.ll.1. 

,.,_. .. - - LT 1·1:,,,) 1;.."'UU·'IJ'~ 
tin goo yrr, 
l - -· ~- 

_, --, , 111 .... ~ 4dJ t l•t ..._ n•·n·. 
Pug.1<'SL 

,__.:,,, 

( - =H" < " 
~11:.r 1 

,5: --[A ..,.~ » p 

,._3.., .• A] , .... pp p r ... ~~ ' 4 ., .. l [><· ...--- •;.u.t.(•t, .~ .. .... 
~ 

iaut5 %.% [ 603 ' 
~~ rf 

Z! 
_p, 

..... .... 

,._ 2 

.,...,..w. btrcti11~ern1.rom 



FAIRCHILD lOGIC . . . 
/CONNECT . ION DIAGRAMS 

D154 
5'/f,110. 54LS/74LS170, 

s,tLS/74L8170 
12 15 1 2 3 

Ew D; ,. W 

0 We 
t 
Re 

ER on 

11 
12 
ti 

12 , , ,o $ . 41 s • 7 

15 2 1 
11 10 ~ 1' I 

Ve¢ = Pin 16 
GND e Pin 8 

13 

3 

DIGITAL-TTL 
D1SS 

1309.93Lot 

s, 

Vee* Pin 16 
GND = Pin 8 

D157 
1322, .131.22, M/74157, 

541/145157. 54L8/74L8157, 541n4S151 
541.817481158, 54S/741257, 5CLS/74U257 

54Sl74S251. 54U/7'4LS2SI . ' 
15 2 i !5i t 14 .. , U 10 

10 

11 

0156 
54/74298, 54L.S/74LB2Sa 

3 2 4 1 9 5 t € 

1 . . . 

CP 

16 14 13 

i g 5 4 3 10 11 12 13 15 

12 

Vee"' Pin 16 
GNO .. Pin 8 

0158 
54n41ss, 54Sn4S153, MLSl7CLS153, / 

54Sn4S253t S4LS/14L8253 (/ 

E 4ca ha ks fr lee le fpd ha 
!O& lo. hD 12.1 IJa bl ho 120 ll!l l!o~ 

14 _IQ 

2 S 
Z., Zb 

7 12 
voe ::: Pin 16 
GNO= Pin8 

D15t 
1112.; 93L12. IU1t, 9313 

to s 2 3 4 s 6 7 

l le h 12 13 l.i ar; la 11 
lo 

•• 
'2 

z 

t 

11 
10 

• 

DteO 
54174151A, 64i17411S1. 

SCLl/74LS151, MS/741251, 
54L,$17a.l251_ 

7 4 3 2 1 15 14 12 12 

~ t hi h Is k k ~ ~ 

So 
s, 
S2 

7 I 
Vee== Pin 16 
GNO = Pin 8 

,o 
• 
I 

D111 
54/141521', 541.117~8152 

$ 4 3 2 1 1$ 12 11 

14 15 

Vccefltn 16 
GND=Pln8 

ii 
Vee::; ptn 16 
gND = Pin 8 

te h tg lg tu f; lg I 

So 
Gt 
&? z 

6 
Vee"" Pitt 14 
GND=Pin1 

13-63 Z 6 


