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Abstract 

Touch screens are input devices that allow users to interact easily with PC 

through finger touches on the screen surface. Touch screen was used in many 

applications of real life, because of its flexibility, efficiency, ease of use and high 
response; It became one of the most widely used input devices today. 

Our project is building a touch screen that is dependent on the infrared 

technology; the screen we created is an infrared aluminum frame that contains a 

group of senders and receivers, such that there will be a net of infrared beams over 

the screen surface that will be blocked when receiving a touch. We connected this 
frame with an interfacing circuit that is controlled by the PC through the parallel 
port. A software driver installed will be responsible for monitoring the frame by 

sending control signals to the interfacing circuit and scan the receivers in the frame 

to detect the touch on the screen. 

~ 
The system worked corretly in most cases. The infrared frame was connected 

® sms 

to an interfacing circuit and then to the PC, we received touches on the screen 

surface and correctly determine the touch position. As a final result, we have 

succeeded in achieving the actions of click, double click, scroll and right click 

actions. 
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Chapter One 

Introduction 

1.1 Overview 

In the last few years we were in a huge technology evolution in both software and 

hardware that focuses on improvements of the speed, efficiency, flexibility and time after 

all. Toe new developed applications came out with a problem that lies in the inflexibility 

of most used input devices (mouse and keyboard) to support such applications for 

unskilled users. 

Hardware developers solved such problem by creating a very interactive 

technology which is a screen that requires the users to only touch on it with their fingers 

or using the so called "Stylus" which looks like a pen to use the screen and click on 

whatever they want. 

Various technologies used to build touch screens which resulted in different kinds 

and also levels of flexibility, efficiency and accuracy. A special kind of touch screens was 

designed as only a frame that can be placed on only usual screen and being connected to 

the computer with a usual plug, also being supported by compatible software to interact 

with the screen's hardware. 
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1.2 General Idea of the System 

Several kinds of frame touch screens were created, the main idea of our project is 

to design a special kind of touch screen that is based on the infrared technology with the 

supporting software. 

There will be a net of face-to-face infrared senders/receivers which are mounted 

on the frame that lies on the original screen. When the user touches the frame surface, an 

event will be raised from the hardware by locating the touch location with x and y 

coordinates, then the PC software will provide a click in the equivalent position on the 

application. Other services will be provided by the software like right clicking, 

controlling timing and speed, choosing the preferred configuration for the software, and 

the user interface to fit with the user's needs. 

1.2.1 Project Importance 

The field of touch screen technology is a new area of research for us as students. 

It combines many of the fundamentals we studied for the last five years in both hardware 

and software. In addition it is an interesting topic to search for and learn about with many 

details that we can take advantages. 

We choose the idea of creating a touch screen because we noticed the importance 
of the infrared technology in many products in life today such as remote temperature 

sensing, short-ranged wireless communication, spectroscopy, and weather forecasting; 

also it allows us to concentrate on the interaction between the software and also the 

hardware components. 

In addition, touch screens are one of the most recent input devices used today with 

many applications that take advantages of its effectiveness and flexibility. 
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1.3 Literature Review 

In this section we list some of the researches on touch screen technology and what 
results they came up with. 

1- Albinsson, Par-Anders & Zhai, Shumin. (2003). High Precision Touch Screen 
Interaction. Computer Human Interaction 2003,5. [14] 

- Results: 
- Explore a series of touch screen methods to obtain higher precision. 

- Take-off as a click helps quite a bit, compared to clicking on touch. 

- People preferred a simple technique - a zoom menu, though one may lose context of 

surrounding information while zoomed in. 

2- Benko, Hrvoje, Wilson, Andrew D., & Baudisch, Patrick. (2006). Precise Selection 
Techniques for Multi-Touch Screens. Computer Human Interaction 2006. [14] 

- Results: 
- Compares 5 possible zoom-like techniques for touchscreen usage - ways to be more 

accurate on smaller buttons. 
- Ultimately, a speed/zoom menu, a slider-control, and a two-finger zoom proved better 

than a simple offset, which allows the cursor to be separated from fingers. 

-Also contribute SimPress, a clicking technique done by rocking the finger (and 

temporarily increasing touching surface). 

- Two-finger zoom worked best and was most preferred. 

3- Leahy, Michael & Hix, Deborah. (1990). Effect of Touch Screen Target Location 
on User Accuracy. Proceedings of the Human Factors Society 34th Annual Meeting ­ 

1990. (14) 
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-Results: 
- Studied accuracy of touchscreen responses given the location of a target onscreen and 

horizontal angle of viewing. 

. Found users generally touch below targets. 
- Findings from seating parallax aren't made entirely clear. 

1.4 Human Development Resource 

The team of the project consists of a three electrical and computer engineering 

students. 

Project Team: 

Anas Al Bakri 

Mohammad Al Qaisi 

Waleed Dahman 

Supervisor: 

Eng. Amal Al-Dweik 

1.5 Estimated Cost 

The following table specifies the estimated total costs for the different 

components in the project. 

Number Object Cost(Total)$ 

1 IR Sender 20 

2 IR Receiver 24 

3 Decoder 5 

4 Analog to Digital Converter 40 

5 Inverter 4 

5 



6 Clock Generator 2 

7 Frame 35 

8 WindowsXp(Rent) 25 

9 Visual Studio 2005 25 

10 Connections and Board 50 

11 Buffer 5 

12 Tools 30 

11 Printing 50 

Total 315 

Table 1.1: Estimated cost of project components . 

1.6 Time Schedule 

In the following tables we view the stages in designing and building the 

components of the project and the timing for each stage. 

Sep 2006 Oct 2006 I Nov 2006 I Dec 2006 

ID Task Name Start ··Finish Duration I 

! }sre or[' sos ['ions] ioza isras]] is] ii] ms ras], tars ] no] 

1 Idea Decision 09/20/2006 09/26/2006 1w ~ 

2 Full Description 09/27/2006 10/10/2006 2w V A 

3 Study 10/1 1/2006 11/28/2006 7w V 7\ 

4 Primary Design 11/08/2006 11/28/2006 3w Z 7A 

5 Primary Implementation 11/21/2006 12/11/2006 3w v. 2A 

6 Revision 12/07/2006 12/20/2006 2w \I 

7 Documentation 10/19/2006 12/20/2006 9w \/ 

Table 1.2: Project scheduling stages and time table for the first semester2006/2007. 
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6 Clock Generator 2 

7 Frame 35 

8 WindowsXp(Rent) 25 

9 Visual Studio 2005 25 

10 Connections and Board 50 

11 Buffer 5 

12 Tools 30 

11 Printing 50 

Total 315 
: 

Table 1.1: Estimated cost of project components . 

1.6 Time Schedule 

In the following tables we view the stages in designing and building the 

components of the project and the timing for each stage. 

Sep 2006 Oct 2006 ~ Nov 2006 I Dec 2006 

ID , Task Name· Start Finish Duration ! }ss] on[ ors ['ions iorza iors]' is ['m ins} ran, rans\ so . ' ' . . 

1 Idea Decision 09/20/2006 09/26/2006 1 w ~ 

2 Full Description 09/27/2006 10/10/2006 2w V A 

3 Study 10/11/2006 11/28/2006 7w \·J I\ 

4 Primary Design 11/08/2006 11/28/2006 3w V A 
5 Primary Implementation 11/21/2006 12/11/2006 3w V_ A 

6 Revision 12/07/2006 12/20/2006 2w 
\J . 

7 Documentation 10/19/2006 12/20/2006 9w \I 

Table 1.2: Project scheduling stages and time table for the first semester2006/2007. 

6 
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Ftb2000 I Mar 2000 I Apr 2000 I . 
ID Task Name Start Finish Duration [rs [na[no [rs[srs ]sva [sv [sras [va ]«o [«a [«o «oo ] 

1 Hardware Circuit 02/0 1/2006 04/18/2006 11w ./\ 

2 Interfacing Circuit 2/8/2006 03/14/2006 5w Z A 

3 Software Implementation 2/22/2006 04/18/2006 aw tZ I\ 

4 Testing 3/14/2006 5/9/2008 8.2w \I 

5 Documentation 02/0 1/2006 5/9/2006 14w 

Table 1.3: Suggested Project scheduling stages and time table for the second 

semester2007. 

1.7 Risk Management 

There are some possible risks that may occur in our project in both hardware and 

software. 

1- Technology Risks 
Such risks may occur because of the software or hardware used in the system. 

- Hardware risks: 
- Infrared transmitter/receiver Malfunctions. 

- Interface connection Malfunctions. 

- Unavailability of some hardware component that is required. 

- Software risks: 

- Incompatibility. 
- Problems that might occur with using the software development environment. 

2- People Risks 
- Member of the team gets ill. 
- Member of the team becomes unavailable for any reason. 

3- Organizational Risks 
- Facing financial problems. 
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- Facing project resources problems. 

4-Tools Risks 

- Lose of any supported software or hardware used to develop the system. 

5- Requirements Risks 

Risks that might occur if new changes are required in the system requirements 

that need major changes in the system design, like facing unexpected problems in 

hardware or software that requires a significant change in the project's requirements. 

6- Estimation Risks 

Risks that may derive from the wrong estimation in the system design, 

implementation, resources and management. 

1.6.1 Risk Avoidance 

- Taking care when using hardware components and using them according to their 

specifications. 
- Using only compatible software development environment to implement the software. 

- Taking care of the team's member's health during the project development. 

- Good estimation and usage of the projects budget and resources. 

- Good estimation of system requirements. 

1.6.2 Risk Management: 

- Software development environment risks will be handled by the backup of software. 

- Including an extra amount of the hardware components we already have, so when any 

problem occurs we can find an alternative for the component we lost. 
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- People risks are handled by using work load balancing on students especially when a 

member can't perform some of his tasks, then it will be done by other member. 

- Tools risks: software and hardware components tools are protected by preparing 

backups for such components. 

• • I 

1.8 Project's Scope 

After completing the main requirements of our project, it can be used in a range of 

widely used applications: 

- Trade show displays. 

- Tanning touch screen for unskilled users. 

- Restaurants touch screens. 

- Touch screen for users with special needs. 

- Point of sale touch screens. 

- Computerized gaming. 

- Vending machines 

1.9 Report Contents 

Chapter one focuses on the general idea, importance and scope of our project, in 
addition to the literature review and report's contents, and project planning. The second 

chapter covers the theoretical background that states the theory of the system, its general 

explanation for the project's software/hardware components, and also the system 

requirements. 
Chapter three specifies the theoretical design concepts of the infrared net-based 

touch screen as a system and describes the project's objectives in addition to the system's 

working method with descriptive block diagrams and the system modeling. Chapter four 

discusses system design options, detailed description of the different project parts and 

interfacing circuits. 
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Chapter five specifies the implementation of our system in hardware and 

software, then chapter six previews the main stages of testing the project components, at 
last in chapter seven we state our conclusions, expectations and advisement for the future 

work on related projects. 

1.10 Summary 

Chapter one of the Infrared Net Based Touch Screen provides an abstract idea of 

the whole project in sections starting from the overview which is an introduction to the 

chapter; the second section is the general idea of the system that creates a brief 
understanding of the system we build, the third is the revision of the previous work done 

on related projects through the literature review section. 

Section four is an evaluation of the project costs, followed by the indication of the 

time required to accomplish each task in the project which is the subject of section five, a 

listing of the possible risks in the project and how they are going to be handled are 

described in the risk management section. 

Section seven is a listing of the applications that may take advantage of our 

system, followed by a specification of the whole report contents in section eight. 

10 
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Chapter Two 

Theoretical Background 

2.1 Overview 

This chapter describes the theory of the touch screen technology in general, by 

describing the general idea of each technology. In addition, it will view the requirements 

of our system, and also it lists the main components that will be used in both software and 

hardware. 

2.2 System Requirements 

This section is a listing of the main requirements that must be met in our project 

in order to set the main services that will be provided. 

2.2.1 User Requirements 

This section views the system requirements for the touch screen's users. 

1- Functional Requirements 

1- The frame will be mounted in front of the usual screen for the user to touch on. 

12 



2- The software driver will provide the user with a graphical user interface that allows 

him/her to change the screen settings and set his/her own configurations for hardware and 

software options. 
3- The user will touch anywhere on the screen surface and an equivalent click will be 

provided on the application by software. 
4- The touch screen will ignore multiple touches and accept only one touch. 

5- The touch screen will provide the user with all mouse services including right clicking 

and scrolling. 
6- The touch screen software will be implemented to run under WindowsXp operating 

system. 
7. Recommended resolution is 600x800. 

2- Non- Functional Requirements 

Non-functional requirements are divided into two categories: 

2.1 Product Requirements 

For the touch screen to satisfy the product requirements, it should have the following: 

- Flexibility 
The touch screen will provide the user with a higher flexibility of usage than that 

provided using traditional input devices like mouse, especially for users with disabilities, 

such it can be used by users with different skills that ranges from the unskilled to the 

advanced and professional users. 

- Speed 
The use of touch screen will increase the speed of user's interaction with different 

applications, such that the direct touching on the screen is faster than other input devices 

in satisfying user's needs. 

13 
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Ease of use 
The touch screen will be easy to use; the user just clicks the location he/she wants 

on the screen. 

-Accuracy 
The touch screen must be accurate and take the action on the screen where the 

user wanted it to happen. 

• Efficiency 
The touch screen solves the problems of other input devices, such that it will save 

time and, effort especially when using application that requires too much user's 

interaction. 

- Software capabilities 
The software driver gives the user the ability to set his preferred options 

according to the interaction with the screen and also choose the best configuration. 

• Mobility 
Our screen is a lightweight input device and can be moved easily from one PC to 

another. 

2.2 External Requirements 

The spread of touch screens will not replace the usage of other traditional input 

devices and so results in a lose to the companies producing such devices, because each 

kind of input devices have a set of applications that it best serve, so there will be a 

balance in spreading the use of different input devices on the various kinds of user 

applications. 

14 



2.2.2 System Requirements 

These are the set of requirements that specify the system details and specification 

from the developer's point of view. 

1- Functional Requirements 

1- The touch screen frame will contain a net of face-to-face infrared transmitters and 

receivers that will receive the user touch as input by producing an infrared beam net over 

the screen's surface. 
2- The infrared net will be monitored repeatedly by an interfacing circuit consisting of 

analog to digital converters and analog multiplexers controlled by the PC which will 

detect the touch on the screen when the beam on a random position is blocked. 

3- The interfacing circuit controlled by the PC will scan the receivers one by one and 

provide the information necessary for the software to determine the location of the touch, 

4- The software driver will take an action that is similar to using the mouse as output, 

depending on the position of the cursor 011 the screen when the touch occurred. 

6- All the interfacing communications will be provided using the parallel port. 

7- The suggested resolution for the desktop of the screen is (600x800 pixels). 

8- The suggested infrared sensor resolution is (15x21 LEDs). 

2- Non-functional Requirements 

1- Fast response/ speed (1 millisecond) 
The screen must respond to the user's action within a limited specific amount of time. 

2- Strong infrared detection 
The infrared signal received must not overlay with other kinds of lighting around the 

screen, and this should not confuse the infrared receivers. 

3- Reliability 

15 



The touch screen must be trusted to respond to the user's touch in the same position 

where the user touched the screen. 

4- Efficiency 
The touch screen will be accurate, respond able, fail tolerated, maintainable. 

5- Performance 
The screen will provide the user with a fast reaction regarding the whole system speed for 

both the screen's hardware and the PC software. 

2.3 Theoretical Background 

2.3.1 General Description 

A frame touch screen is a frame that is placed in front of usual display screen. It is 

activated by touching with finger on a specific location which is specified by X and Y 

coordinates, also the frame has an independent logical X-Y position that is calibrated to 

be equivalent to the coordinates on the screen. When a click occurs by touching on the 

screen surface it will be located by an X-Y coordinate. Then a proper action will be taken 

in a way that is similar to the action that is caused by a mouse click. 

Touch screen characteristics: 
1- Video display equivalent resolution. 

2- It would be activated by 

• Conducting or non-conducting stylus. 

• A gloved or non-gloved finger. 
3- It would be modular and capable of being added to a display and computer in the same 

manner that other input devices are added. 
4- It would be impervious to dust, grease, moisture chemical or oil vapors or pressure 

hose down that may be present in a hostile environment. [8] 

2.3.2 Major Touch Screen Technologies 

16 



The main technologies that are used in touch screens are: 

1- Analog Resistive 

2- Capacitive 

3- Scanning Infrared (IR) 

4- Surface Acoustic Wave (SAW) [8] 

Next we will provide a brief description of each one of these technologies. 

2.3.2.1 Analog Resistive 

The resistive system consists of a llllOJI:m:mli glass panel that is covered with. a 
conductive and a resistive metallic layer. These two layers are held apart by ~ and 
a scratch-resistant layer is placed on top of the whole setup. An electrical current runs 
tthrouglb. the two layers while the monitor is operatiooaft. Whoo. a mcr rooches ilie screen,, 

1llhe two layers make contact in that exact spot. The change in the elec1!lricall fireid is noted 
and the coordinates of the point of oontta:cit clllre aillooffa!ted by tire rom.pmer. On.re tthe 

coordinates are known, a speci.lllll oo.ver 11mrmsbares dn.e rowclbi mm somreifilng that the 

ope,ratt:mg systtcm. am ilffl.Uie1Strand.. Figure 2.1 illustrates the idea of analog resistive touch 

screoos . [8] 

~~ ad D' 

" 'Bx - 

Hexiti e 
ihracaitet! tO 

o 
0 

1= lue 
3ult:1zqE 

Figure 2.1: Analog Resistive Touch Screens. [15] 
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2.3.2.2 Capacitive 

A glass panel is coated with a conductive coating material that it is fused into the 

glass. The coating is connected to four electrodes at the edges of the screen. Each 

electrode is connected to an oscillator circuit. When operator touches the screen, the body 

capacitance of the operator causes a change in the impedance of the screen. The 

impedance change causes the oscillator :frequencies to vary, and the :frequency 

differentials are converted into X-Y coordinates by an A-D converter. Figure 2.2 

illustrates the capacitive touch screen. [8] 

Figure 2.2: Capacitive Touch Screens. [15] 

2.3.2.3 Scanning Infrared (IR) 

The IR technology is the only technology that does not overlay the display with 

an additional screen or screen sandwich. An array of infrared (IR) light emitting diode 

(LED)/photo detector pairs are mounted in a plastic frame. Using the IR spectrum allows 

ambient light to be filtered out and makes possible the use of opaque plastic frames to 

hide the photo devices. Thus, the array frame simply looks like a bezel. In operation, the 

LED/photo detector array is continuously and sequentially scanned horizontally and then 

vertically when an operator touches the display breaking one or more of the light beams, 

the X-Y position of the touch stylus is transmitted to the host computer. The maximum 

resolution using an interpolation technique is approximately double the number of 
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LED/photo detector pairs in the array. Using interpolation, when an odd number of 
beams is broken along either axis, the X or Y coordinate of the center beam is 

transmitted, but when an even number of beams is broken the coordinates of the ' 
interpolated beam are calculated and transmitted to the host computer. Figure 2.3 

illustrates the idea of infrared touch screen. [8] 
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Figure 2.3: Infrared Touch Screens. [15] 

2.3.2.4 Surface Acoustic Wave (SAW) 

The surface acoustic wave technology is the latest of the touch input technologies 

and uses inaudible acoustic waves traveling over the surface of a glass panel at precise 

speeds in straight lines. X and Y transmitting transducers are located along the horizontal 

and vertical edges of a glass plate. Corresponding X and Y receiving transducers are 

located at the opposite edges of the glass plate. A reflective array made of powdered glass 

is printed along the edges of the glass plate. The array consists of .2 mil thick by 1/2 inch 
wide diagonal, parallel lines. In operation, the transducer generates a surface acoustic 

wave which travels along the axis of the reflector array. At each reflector element, a 

small amount of the energy in the wave is deflected orthogonally to the direction of the 
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wave, travels over the surface of the glass and is again deflected orthogonally toward the 

receiving transducer by a mirror image reflector. Since the energy in the wave is reduced 

as it travels the length of the reflective array, the reflector elements are placed 

increasingly closer together to compensate for the decreasing energy level. When an 

operator touches the screen, a portion of the energy is absorbed by the touch stylus. This 

reduced energy level is detected and, by comparing the speed of the received signal with 

the known speed of the SAW on glass, an X or Y coordinate location is registered. Figure 

2.4 illustrates the surface acoustic wave touch screen. [8] 
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Figure 2.4: Surface Acoustic Wave Touch Screens. (15] 

Table 2.1 is a comparison between the different touch screen technologies. 

Capacitive Resistive Infrared Touch SAW Touch 
Technology Touch Panel Touch Panel Panel Panel 

85% 75% 
90% 90% light 

light transition, transition, 
Clarity light transition clear ,good Excellent excellent 

excellent clarity Clarity Clarity Clarity. 

Excellent, 
Good, Excellent, 

contains hard Excellent 
contains hardened coated plastic 

contains no contains no 
glass surface overlays, optical 

Durability overlay but overlays, all 
which conductive sensors around 

metal oxide. 
can be the frame. 

glass panels. 
damaged. 
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Reliability Very High High Very High Very High 

Accuracy, Very accurate, Very accurate, Very accurate, 
Extremely 

calibration, consistent, very 

stability 
very stable very stable very stable stable 

Pressure 

Finger contact for 
sensitive. Interruption of Soft objects, 

Activation, touch activation, 
Activated by the light beam non glare, 

sensitivity easily detects 
any object, matrix: life to require 

contact. 
good for no pressure significant 
gloved required. contact. 

application. 

Touch Very High high 
Resolution 

Table 2.1: Touch Screen Technologies Comparison. [3] 

2.4 Hardware Components 

The main hardware components that our system consists of are: 

2.4.1 Infrared Led (IR) 

Infrared is an invisible electromagnetic radiation waves that is longer than the 

visible light and shorter than the radio waves, the name infrared means below red, and 

red here means the portion of visible light. 
Infrared technology has many applications in life today including target 

acquisition and tracking by in military applications, remote temperature sensing, and 

short-ranged wireless communication. In our project we can take advantage of this 

technology to detect the motion above the service of screen. [9] 
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Figure 2.5: Infrared LED 

2.4.2 Analog to Digital Converter 

Analog to digital converters (ADC's) are integrated circuits the converts the 

analog input into a digital equivalent, there are many types ADC's, each one has a 

different features and properties like conversion speed, accuracy and number of inputs. 

In our project, the ADC's will be used the read the analog input coming out from 

each receiver on the frame and convert it into a digital equivalent that will be sent to the 

PC software to be analyzed. 

The kind of ADC that we are going to use is ADC808 Compatible AID Converter 

with 8-Channel Analog Multiplexer, these devices has a good advantage of including an 

inner multiplexer that we need for the interfacing circuit, this kind of multiplexers will be 

discussed in the next section. 

Figure 2.6: Analog to Digital Converter 
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2.4.3 Analog Multiplexer 

These are logical integrated circuits that receive multiple inputs, and contain a 

group of selection lines and outputs, according to the value on the selection lines, these 

circuits will pass the selected analog input value through the output and prevent other 

inputs from passing, so it's a kind of a switch, but with extended capabilities. 

The analog multiplexer is the same as the digital multiplexer in that the pass a 

selected input to the output, they differs only in the kind of input they pass, analog or 

digital, in our project we need to pass an analog input because the value of the voltage on 

each receiver is critical and must be read exactly as it is, without conversion or 

approximation into a digital value. 

There is an advantage that is the analog multiplexer used in our project is already 

included in the ADC's used, so this will decrease the level of hardware complexity in the 

interfacing circuit. 

2.4.4 Decoder 

The decoder is a logical IC that is used to enable one of a group of output lines in 

response to a specific selection on its input lines, such that there is a set of combinations 

to choose from, and we provide the appropriate input value to enable the output line we 

need. 

In our project we use the decoder DM74LS 138 as an enable IC; by using a 

decoded group of selection lines we can enable one of the analog to digital converters in 

the interfacing circuit, so the decoder is a kind chip selector in such case. 
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Figure 2. 7: Decoder 

2.4.5 Inverter 

These are logical integrated circuits that are used to invert the logical state of the 

input line and provide the inverted signal as output. 

In our project we use the CD74CHT04 inverter because other IC's has an inverted 

output that can't be used directly in interfacing with other components, so we use an 

inverter the invert the signal as we need. 

Figure 2.8: Inverter 

2.4.6 Clock Generator 

This IC is used to generate a clock with a specified frequency, some integrated 

circuits needs a clock input to work properly, one of these IC's is the analog to digital 

converter. 
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In our project we need the 555 clock generator IC to provide a clock signal as 

input to the analog to digital converters, to enable their conversion process. 

a' 

Figure 2.9: Clock Generator 

2.4.7 Tri-State Buffer 

The buffer is used as an output device that can pass the input signal to its output 

pins or prevent it from passing (tri-state case), in our project we need the buffers to 
isolate the each ADC's output from the output of the others, because they are sharing the 

output lines, and without using buffers this may cause an interference in the signals. 

Figure 2.10: Tri-state buffer 

2.4.8 Parallel Port 

A parallel port is a type of socket found on personal computers for interfacing 

with various peripherals. It is also known as a printer port or Centronics port. 
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In our project we use the parallel port as communication mechanism between the 

PC and the interfacing circuit, such that some of the parallel port lines are used to provide 

the control signals supplied to the interfacing circuit components, and other lines are used 

to enter the data received form the receiver to the PC. 

fji 6 w» ® » e «» w » ' 9 eev9w99999 

Figure 2.11: Parallel Port 

2.5 Software Components 

2.5.1 Introduction 

The touch screen software will provide the hardware/software interaction 

mechanism; also it will provide a graphical user interface with many options that the user 

can set with his preferred options. 

In our project we will implement such software to control our screen, this 

implementation phase can be done using many different application development 

environments and tools which makes us face a wide range of options that we may take 

and also with many differences between them in the flexibility, efficiency, time, speed, 

cost and the resource management with a lot such affecting factors that requires us to 

make a good decision. 

Our software and hardware choices were made to be: 

- Software Environment: Visual Studio 2005. 

- Hardware Interfacing: Serial port. 
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2.5.2 Why Visual Studio 2005? 

Next we will state the new features that have been added to VS 2005, and why we 

choose it as a development environment. 

A key aspect of Visual Studio 2005 is the underlying technology, which includes 

.NET Framework 2.0 as well as ASP.NET 2.0. Updates to the .NET Framework include 

performance enhancements, many new language features, and stronger Web services 

support. [5] 

2.5.2.1 New features 

Here we list a group of new features for which we choose VS 2005 that helps us 

in programming and building the software of the screen with many capabilities that 

provides programming flexibility for us and also results with good software. 

1- Tighter integration with other products allows developers to utilize their skills across a 

range of products 
2- Edit and Continue allows developers to edit code in place and continue with execution. 

3- Click once installation provides a much smoother install process. It allows applications 

to be installed and updated as opposed to redeploying the entire application. 

4- Smart Tasks allow easy access to information and common tasks within the IDE. 

5- Line Revision marks allow to see the changes that have been made during a coding 

session. Colored lines appear down the left side of the code pane to denote changes and 

additions. 
6- The IDE now allows its settings to be exported and imported. This is a welcome 

addition because it is troublesome to move to a new computer after getting Visual Studio 

.NET configured as we like it. With a new installation, we can easily import our previous 

settings and we are good to go. 

27 



7- Microsoft IntelliSense code snippets enable developers to easily create and distribute 
their own customized code libraries. It allows us to develop generic or template code that 

may easily be reused. 

8- There's drag and drop support for working with data sources. [6] 

In addition to those features, VS 2005 provides many features for controlling 

hardware and providing an easy data acquisition, like the large set of API's, libraries, 

functions and also available tools to allow for full control of hardware by providing many 

interfacing services. 

2.6 Summary 

The second chapter increases the understanding the project by introducing a 

theoretical background about the touch screen technology by a group of sections starting 

with a chapter overview as the first, then the listing of the system and user requirements 

which comes in the second section. 

The third section titled the theoretical background and as the name indicates is a 

brief description of the main technologies used in related projects, which is the 

technologies of the touch screens, follow that the hardware components section that lists 

the main components of the project's hardware with a brief description. 

At last the description of the software development environment, its capabilities, 

features and usage are specified in the software component section. 
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Chapter Three 

Architectural Design 

3.1 Overview 

This chapter focuses on the main design concepts in the infrared net based touch 

screen, lists the detailed system objectives, and describes the main components of the 

system using block diagrams to show how these components are connected with each 

other. Also in this chapter we will discuss the main architecture of the system, how it 

works, and how it is modeled. 

3.2 System Objectives 

The main objectives in our project are: 

1- Build an infrared based touch screen that receives a finger touch on the screen's 

surface and do the appropriate action. 
2- Build an infrared based net that is mounted on a frame on a circuit that is 

connected to the interfacing circuit. 
3- Building the main interfacing circuit including the analog to digital converters, 

multiplexers, decoder, clock generator and inverter. 

4- Connecting the interfacing circuit with the PC using the parallel port. 
5- Implementing the software that communicates with the hardware and provides the 

user's services. 
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3.3 System Block Diagram 

The following block diagram indicates the general idea of the system: 

Infrared 
Based Net Power Supply 

~ a 
9 
ID 
r m 
0 s 
6 
Ill a. 

Digital Input 

$ 

Interfacing Circuit 

~ 
III@ 

Parallel Port 

Figure 3.1: Overall System Block Diagram 

3.3.1 Power Supply 

This unit is used to provide the power supply required for enabling the net of 

infrared transmitters/receivers and the interfacing circuit components, the power supply 

used for the infrared net is a high voltage power supply because of the high power 

consumption caused by the infrared senders. 

3.3.2 Infrared Based Net 

This component is a frame that includes a group of infrared transmitters that sends 

an invisible infrared light over the surface of the screen such that it will be received by a 

facing infrared receiver that works as a switch. This switch will detect the broken light 

31 



line from the sender in the opposite direction and cause a change in the logic level read 

by the ADC's. 

This group of transmitters and receivers will be placed in two dimensions, x and 

y, such that each pair of sender/receiver will indicate an (x, y) coordinate that will have 

an equivalent location on the screen. 

3.3.3 Interfacing Circuit 

It's a set of hardware components that are responsible for providing 

communication between the infrared net and the PC by using a group of analog to digital 

converters that receives the input directly form the infrared leds in the frame and converts 

it to produce an equivalent digital output that is supplied to PC as input through the 

parallel port which will be handled by the software driver. 

The interfacing circuit consists of many components, each one is responsible for 

performing a specific functionality, and these components are: 

- Analog to Digital Converters: 

Each ADC will read the voltage on a group of eight infrared receivers and be 

responsible for converting it to digital output. 

- Internal Multiplexer: 

The internal multiplexer in each ADC is responsible for switching between the 

groups of receivers that the ADC can read the voltage on. 
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.Decoder: 

The decoder is responsible fc ·itchin e Or SWIC g between the five ADC IC's, such that 

each time a circuit will be enabled thi ADC th · · · · s is en will switch between eight receivers to 

read their voltage and pass this v lt t th PC h · · oltage to 1e ,then the decoder will switch to the next 

ADC and so on. 

- Clock Generator: 

This IC will be responsible for providing the ADC's with the clock signal they 

need to perform the analog to digital conversion. 

• Buffer: 

This IC will be responsible isolating the ADC's output, to prevent the 

interference. 

3.3.5 Parallel Ports 

The parallel port is used as a communication mechanism between the PC and the 

interfacing circuit, such that it will pass the control signals to the circuit, and output the 

data from it. 

3.3.7 Screen Driver 

This is the PC's part of the interfacing mechanism in the system, such that it will 

monitor the computer ports all the time, sending control signals to the interfacing circuit 

components, each time enabling one ADC, and for this ADC, it will switch between eight 

receivers reading the voltage, and so on until all the receivers are read, The software will 

analyze the voltage values and determine the action that will be taken. 
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The action taken by the scr dri · · · een iver in software will be implemented by a set of 

tools that provides a direct control of the operating system. 

3.3.8 User Interface 

This is the part of the program that user can interact with, such that it will provide 

the user with ability to control the whole services provided by the software driver 

including the interaction with the system's hardware, also it allows for choosing the 

preferred user's configurations, settings and user options. 

Our touch screen will provide the user with the ability to touch on a frame's 

surface that is mounted on the original screen, such that the frame will include inside of it 

a group of face-to-face infrared senders and receivers, each side of the frame will contain 

senders and receivers, each sender is next to a receiver and vice versa, in addition each 

sender will be facing to a receiver in the opposite direction, and also each receiver will be 

facing a sender in the opposite direction. 

The senders will receive a power supply all the time to keep sending the infrared 

signals, what we are concerned about are the receivers actually, because they work as 

switches that will generate a specific logic level when receiving the infrared signal and 

this level will be changed when it is blocked by a touch in the same direction. 

The receivers will change the amount of voltage between their sides when they 

receive a touch, so this voltage will be passed to an analog to digital converter that will be 

responsible for converting it to a digital output to be sent to the PC. 

The number of receivers is large, and we can't take an input line from each 

receiver and connect it to the PC directly, so we need a switching mechanism that will let 
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us read the receivers one after another, fortunately each ADC has an inner multiplexer 

that can switch between eight different receiver's analog input, this way we need five 

ADC's to cover the whole frame receivers. 

To switch between the five ADC's we use a decoder that is controlled by the PC 

through the parallel port, each time enabling only one ADC to read eight receivers, by 

this way the software driver will provide the control signal to the interfacing circuit. 

On the other hand reading the output of the ADC's, storing the amount of voltage 

of each receiver, this voltage is an indicator of the state of the infrared beam in front of 

each receiver. 
The software driver will analyze the voltages and determine if there is a touch on 

the screen surface, and also it will determine its position. 

The receiver index will be passed to a position calculation function that will 

determine the exact X-Y position of the user touch, then the driver will take an action on 
the desktop through the operating system, that action could be a click, a right click or a 

scroll. 

In this section we will view some models that describe the functionality of our system 

components in both hardware and software. 

3.5.1 Data Flow Model 

Figure 3 .2 shows the data flow model of our system. 
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Figure 3.2: Data Flow Model 

2.5.2 Use Case Model 

Figure 3 .3 shows the use case model of our system. 

Configuration 

User Infrared Frame 
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Interfacing Circuit 

Control 

Read 
Output 

t◄,------i 

Software Driver 

Taking 
Action 

Operating System 

Figure 3.3: Use Case Model 
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3.5.3 State Machine Model 

Figure 3.4 shows the state machine model of our system. 
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Figure 3.4: State Machine Model 
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3.5.4 Sequence Diagram 

Figure 3 .5 shows the sequence diagram of our system. 

User Touc 
. 

~ Read infrared fl' sow 
Control---, 

+--l 
1·1- -----------Set Conflguration>----------1 

Take Actio 

Figure 3.5: Sequence Diagram 
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Chapter three focuses on the architectural design of the project, starting with an 

overview the chapter and its sections, following that with a listing of the main objectives 

of the project in the second section. 

The third section titled the system block diagram, is a view and description of the 

system's block diagram with a brief description of each component, follow that a 

description of how the system works and a listing of the main stages that the system pass 

through in performing it's actions. 

At last, the system modeling section views the main models that describes the 

functionality of the project. 
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Chapter Four 

Structural Design 

4.1 Overview 
4.2 Structural Design 
4.3 Detailed Systems Components Description 
4.4 Hardware Options 

4.5 Software GUI Scenes 

4.6 Summary 
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This chapter discusses the main structural design of the whole project in details, 

showing the main system design in the second section, the third sections lists eacl 
component used in the system in both software and hardware with its details. 

Section four views the options that was available to use in the project, the 

effectiveness of each option and its ability to make the project work appropriately, then 

section five includes some scenes of the user interfaces for the software driver. 

In this section we will view the diagrams and schematics that describe the design 

details of our project as a whole and the details for each component in the system. The 

following figure generally views the main components in our system and how they are 

connected to each other. 
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Figure 4.1: Overall System Block Diagram 

The detailed communication between all the system components that we specified in 

figure 4.1 will be described through the complete system schematic in figure 4.2. 

42 



UlJ sss - 

Vl 
lS 
+V 

i 

:=, '1:J 
i )\ 

I 

V.1..1. 
74r12 % 
r.irr 1* 

" c? lj p. I 

·~~•l g f- 
tD (J '- 

0 
' 

(J 
"l lj 

3,-(C 'i· (J 
0 

s» l} 

~~ b 
lllr+-----ttt!'--vv~ ll) 
------IH'--V>'.- .l 
-----,l!J--'V'>', l} - 

lk 

1)3 

nrr: 1 
CE £{F 

H·-t----t---tt--f<~ 7 E 
1-1r+----+---rt--~., I: 
f-'1-+----+----tt---$,::i I: 

I: 
1-J-+----t----tt---$,l 1' 
H-+----+----+t--~,~ E ~-----"""1t--.. l I: 
Hl-+----+---tt--~,O I:~ ~ 

l- 

J 

- 
"' ~ l.k = I 
v,. k 

.___ 

•"' lk 
vV\ k 

- 1, 

.1.X 
w 

.1.k 
_A, w 

,A k 

' lk .,...., 

J_ 

HO 

L...u-' tzo 
......,_Jzto 

- 

Ul. 

)ID ou -·? 
)11 i u 
)/2 orJ 
lll OU.~ 
t & out3 
ll.::i• S ~•J ll•••,DC ·!J 
)17 OU 
'IklH XO [» - I: 
<LI: - 2LX 
ICC I~ rt,- 
li<J: r, Vii.I: - 

? 

)ID OrJ r .. 

)/1 OU,; 
)12 au45 
)/"l OU 
t3 0out-3 
44 1¢ s #] ts· ' 
)/7 uU. 
'?k1<I EoP-+ 
lI: 
u,I; - •u; 
ICC C Ir- 
!hX r, 'v/<I. - ,., 

I)ID OU • 
I),(l %3 Ill2 
l)ll OU 
Ill~ OU : 
I)l::i, g'J : 1rd}DE 3 ,5 
nn orJ ~~ srUr r 
01: 
:Ut - :u; 
,.rec Co !t- 
JAE F + I.IJu: - 

..... 
I)/D OU • 
l)ll % 3 I Il/2 
nn c,r; 
It OU 

"Pc+8% 
nn OU 
gr4UT J:( .-'- 
)J: I • 

LE ._ :LY.. 
,.rec o,,-.. -= r, 'v/<I. - 

)IQ Ou &s 
)ll O•J 
)12 OU 
)/Z au 
s OU 
rs,p¢ ¢ RE sr 
)0 au 
'Ik1<I l:Q ,-~ 
)I: 
r.l. l: - LY. 
;,;c on,- 
f.lhJ:r, IJhl: e-- 

'xi ? rt ~ - 
Y 

~~ 
i---- 0- - l»­ 

D,- 
I\. (_) 
V ·- -I-> 

r--- i> ro 
F1 "'-· H v· O ,..q 
(_) 
[/). 

r 
0 
O ;.... 
(_) 
[/). 
,..q 
(_) ;:s rO 0 'tj" b 
'"d 
©o ;.... ro c.p : ~ 
~ 
~ 
Cl) 
}-c = on 
•..-1 
~ 

-: 

+ <n " • # g 
,,, 



In this section we will list the main components of our touch screen describing their 

details and specifications. 

4.2.1 Infrared Sensors 

4.2.1.1 Why infrared sensors 

We choose infrared sensors for the following reasons: 

1- Low cost. 
2- Infrared signals are not visible to user. 
3- High power output and clarity. 

4- High reliability, accuracy and stability. 
5- Long life for long use. 
(6- Low drift. 

The infrared LEDs that we will use in our project are: 
I-Infrared Emitter (Transmitter) and its number is (QED233). 

- Description 
The QED233 is a 940 nm LED encapsulated in a clear untinted, plastic package 

I 

- Features 
The QED233 has the following design features: 

• Package type: T-1 3/4 (5mm lens diameter). 

• Matched Photodiodes Numbers: QSD122/123/124. 

• Medium Emission Angle, 40°. 
• High Output Power. 
• Package material and color: Clear, unstinted, plastic. 
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•Operating temperature (-40-100 C0
). 

•Continuous Forward Current (100 mA). 

·Reverse Voltage ( 5 V) 

·Power Lose (200 mW) 

Figure 4.3 shows the dimensions for the infrared led package, and figure 4.4 shows its 

schematic. 
0.1 95 (4.95) 

REFERENCE I 
SURFACE~ 0.305 (7.75) 

~~ 

T 0.040 (1.02) 
NOM 

: 0.050 (1.25) ~ . CATHODE 

T [ 
[ [ouoog.st H-· NOM 

C :'\ t 
1 . 0.240 (6.10) 
i Q g 0.215 (5.45) ado'Z T so. (2X) .__...,.e;. __ __._ 

Figure 4.3: Infrared LED Package Dimensions 
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Figure 4.4: Infrared Transmitter Schematic. 
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Figure 4.5 shows the radiation angle of the infrared led. 

Figure 4.5: Radiation range of infrared transmitter. 

2- Infrared Detector (receiver) 
An infrared detector is a photodetector that reacts to infrared (IR) radiation. The two 
main types of detectors are thermal and photonic. 

Features: 

1- High sensitivity. 
2- Low cost. 
3- Maximum power dissipation 1 0Om W. 

4- Maximum voltage 1 s0 V. 

5- Maximum current 1 00mA. 

5.25 
(cao7) 

□0.51"fP • 
• 02) 

I SEE NOTE 3 

' \:Z.71!1.'I. 
(s) 

1.0IN. DU] [WO 

Figure 4.6: Infrared receiver diagram 
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Figure 5.1 views the infrared net circuit diagram, it consists mainly of infrared 

senders, each eight senders are connected in series and they are connected in parallel with 

{he rest of the senders, after each group of senders there is a high power resistor that is 

used because it can handle the high current in the circuit. 
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The High current (120 mA) caused . 
. . a very high temperature in the traditional 

resistors, which increase the possibility of re • t . . . . sis ors damage, we solve th.is problem by 
replacing them with a high power resistors (220 Q, 5 W ' att) that can handle the 
temperature 

The receivers in the circuit are connected in parall I 'th h th h e! wi: eac o er, eac one 
connected to IK resistor, for each resistor there is an output line that passes the voltage 
on that resistor to the ADC to be converted and sent to PC. 

For the infrared net frame work properly it needs a 15V power supply for the 

senders, and a 120 mA current, for the receivers, they are supplied form a SV power 

supply. 

In case of touching, the change in the amount of voltage read from the receivers is 

approximately from 0.7V to lV, the change in voltage is not large enough because of the 

interference in receivers caused by the sent infrared beams, the receiver's voltage will be 
.I 

read by the ADC, and converted to a digital value, the change in voltage will be analyzed 

by the PC software. 

There are lines that are coming out of the infrared net frame, those lines are: 

• Data Lines: Line that are coming from the side of the receiver, to pass the 

voltage value to the ADC. 
- VCC: provide the power supply to the circuit. 

- GND: provide a ground to the circuit. 
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.1nterfacing Circuit 

This is the circuit that is res 'bl · sponsitle for reading the · , 
from analog mput to a digital output th gl receivers voltage, convert it 

1rou h the AD's. : : 
using the internal multiplexer and the d ·d \.., , switching between receivers by 

e eco er. 

The interfacing is connected to th . nfr . . e I ared net frame using an IDE data cable 
reading the receivers analog voltages, and it is · 3> 1tis connected to the PC through the parallel 
port, to receive the control signals and al d th . so sen t e result of conversion to the PC 

software dnver to be analyzed. 
The interfacing circuit consists of the following components: 

- Analog to Digital Converters: 

- Internal Multiplexer 

-Decoder 

- Inverter 
.Timer 

Figure 5.2 views the circuit diagram of the interfacing circuit, it consists of a 

group of analog to digital converters, these converters are responsible for reading the 
voltage on the receivers, converting it from analog to digital, each converter output lines 

are connected to a buffer that enables or disables the ADC's output, each buffer enable 

line is connected to one of the decoder output lines, such that the decoder selects the 

ADC to be enabled by enabling it's buffer. 

Each ADC contains an internal multiplexer, it is responsible for switching 

between multiple analog inputs received at the ADC inputs, and the 555 timer is 
TCSponsible of providing the clock signal to the ADC's to enable a proper analog to digital 

conversion. 
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The line of the ADC's are connected to the parallel port, receiving control signals 

on the parallel port data lines because they are used to output data from the PC, and the 

ADC's send the digital output to the buffer and then to an inverter because the parallel 
port lines are inverted, the inverters output lines are connected to the parallel port control 
and status line because they can be used to input data to the PC. 

.Parallel Port 

Parallel port is a simple and inexpensive tool for building computer controlled 

devices and projects, it contains 25 pins and can be in many modes, and those modes are: 

_ Compatibility Mode 

- Nibble Mode 

• Byte Mode 

.EPP 
-ECP 

The parallel port in our project is working in the ECP mode; figure 5.3 show the 

layout of the parallel port, 

Status Register 

cT 

Control Register 

Figure 5.3: Parallel Port Layout 

di . d d in to three groups, they are 
The lines in DB25 connector are V1 e 

- Data lines 
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• Control lines 

.Status lines 

In our project we use the data line to send the control signals from the PC to the 

interfacing circuit, because they can be used as output lines, we use the control and status 

line as input lines to the PC because it can be used to input data, such that it receives the 

digital value of conversion. 

The following shows the pins, their numbers and functionality. 

Table 5.1: Parallel Port Pins Layout 

74 



p 

.Parallel Port Registers 

In the parallel port data, control and status lines are connected to a corresponding 

register in the computer, by controlling these registers we can read or write to the parallel 

port, these register are data, control and status registers. 

The register have addresses that can be accessed to control them, these are the addresses . 

• Data: 0x378 
• Control: 0x379 

- Status: 0x3 7 A 

.Pins Usage: 

1- Pin2 to Pin8 (DO to D1): 
.p0, D1, and D2: Selection lines on the decoder in the interfacing circuit. 

The possible combinations are: 

000: ADCO 

001: ADCl 

010: ADC2 
011:ADC3 

100: ADC4 1Air 1the ADC internal multiplexer, it has an eight combinations 
-D3,D4,D5: Selection lines on 1e 

to choose from. 
-D6: connected to the start signal, to start the conversion process. 

2-$3 to S7: 
. f h nverted data from the A DC. 

Used to input the first five bits of the cor 

3- CO to C3: c : the last three bits of the converted data to the p . 
The pins c0, cl, c2 are used to input 
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5,3Software Implementation · 

This section describes in general the softw dri . th . . . are iver in e project, why it 1s 

needed, what it does and how it works by viewing a set of models that describes the 

actions of the software's different components, in addition to a pseudo code sections that 

provide a brief description of each part in the software and the tasks it performs. 

5.2.1 General Description 

As mentioned in the previous chapters, the hardware components in the project 

needs a control signals to be provided as inputs so as to work appropriately, those signals 

are supposed to be generated by the PC. 

This is the main objective of the software driver, to monitor the infrared net 

through controlling the interfacing circuit, and take an action when it needs, this requires 
the software driver to communicate with the interfacing circuit in order to send control 

signals and receive the data to be analyzed. 

According to data analysis, timing and software options the software will take 

actions directly in the operating system. 

5.2.2 Software and Hardware Communication 

To allow the communication between the hardware and the software, a data 

tr 
· · h · ust be used; in the pro1ect we choose the parallel port be that 

ansmission mechanism m! " 
mechanism. 

full d 
· t·on of the parallel port will be provided, now as 

In the next chapter a escnp 1 
. . all 

1 
rt ill be used to send the control signals to the interfacing 

an introduction, the para lel por WI 
• ; % 3ts to the integrated circuits used. 

circuit to provide the selection inputs to 
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On the other hand the par 11 1 · > caltel port will be used to send the data from the 

lll• terfacing circuit to the PC store it and d · · • · · 3 analyze it after all, this analysis will determine 

the position on the screen and decide what action to be taken in the operating system. 

5.2.3 Software Specifications 

The software driver has two main objectives, the first is the monitoring of the 

infrared frame by sending control signals to the interfacing circuit, and receiving data to 

he analyzed, the second objective is to provide services to the user and allow changing 

the software settings and options. 

The software contains a group of features and settings, some of them are related 

to the way that the software deals with the hardware, like touch timing, speed and 

response, on the other hand it contains settings for the program itself, to specify its 

behavior in general. 

To allow an easy interaction with the software driver user interfaces, the software 

menus buttons and controls where chosen to be appropriate for touching, using large 
' 

sizes of buttons and other controls needed. 

5.2.5 Software Models 

In this section we show the models that specify the actions of the software and 

how it handles each event. 
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Figure 5.4: General Software Functionality 
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Figure S.5: Reading the voltages references and storing the average values 
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Figure 5.6: Scroll Action 
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Figure 5.7: Continuous Voltage Reading 
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5,2.6 Pseudo Code 

In this section we describe the main functionality of the touch screen driver, 

listing the pseudo code for controlling the interfacing circuit, reading the voltages on the 
receivers, analyzing the data read and taking a specific action according to user 

interaction and timing options. 

Main_Timer) 

{ 
References Array = 0 

Read_References(35) = 0 

While (True) 

{ 
If Scroll_Button_Pressed = True Then 

Do_Scroll) 

Else 
Do_Continous_Voltage_Reading) 

End 

} 

Read_References) 
{ 

Counter= 0 

Readings=0 

Voltage= 0 
While (Readings <=5) 

{ 
While (Counter <35) 

{ 
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Send_Control_ Signal(Counter) 
Voltage = Read - Voltage(Counter) 
References - Array(Counter) += Voltage 
Counter+=l 

} 

Counter= 0 

Readings += 1 

} 
While (Counter <=35) 

{ 
References Array(C t )=R OuI er)= {eferences_Array(Counter) /5 

Counter+=l 

) 

Do_Scroll) 
{ 

Counter= 0 

Voltage= 0 

VI=0 
V2= 0 
While(Counter <15) 

{ 
Send_Control_Signal(Counter) 
Voltage = Read_Voltage(Counter) 
Store_ Y_LED_Voltage(Counter) Voltage 

If (Voltage - Reference _Array(Counter) > 0.5 ) 

{ Vl = Read_Voltage(Counter-1)- Reference_Array(Counter-1) 
y3 = Read_Voltage(Counter +1)- Reference_Array(Counter + l) 
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lf(Vl> V2) 

{ 

Scroll_ Up() 

return 

Else 

Scroll_ Down() 

return 

} 

} 

Counter+=l 

} 

} 
pgpl\# waggeae4pg/An pf3gr g0012,ea. # ppm {pg% espy@gcmt#SIU®®® 

Do_Continous _Voltage_ Reading() 

{ 
Counter= 0 

Voltage= 0 

Differences(3 5)= 0 
While (Counter <35) 

{ 
Send_Control_Signal(Counter) 

Voltage = Read_Voltage(Counter) 
Store_LED_Voltage(Counter) = Voltage 
Differences(Counter) = Voltage - Reference_Array(Counter) 

If (Counter <15) 

{ 
If (Differences(Counter) > 0.5 ) 

{ 
Store_Y_LED_Index(Counter) 

Counter = 14 

} 
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} 

If (15<Counter<3 5) 

{ 

If (Differences(Counter) > 0.5 ) 
{ 

Store - X - LED _Index(Counter) 
Counter ~ O 

} 

} 

Counter+=l 

} 
Calculate _Position(X _ LED _Index, Y _ LED _Index) 

Get_Action_Time) 
Do_Action) 

Send_Control_ Signal(Currnet) 

{ 
Out_On_Parallel_Port(Contro_ Word(Currnet),Output.Address) 

Read_Voltage(Current) 

{ 
Voltage_ Value = 0 
Voltage_Value = Analyse_Input(In_From_Parallel_Port(Input_Address)) 

Return Voltage_Value 
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Analyse_Input(Binary_Input) 

{ 
Byte_Data = 0 

Value=0 

Byte_Data = Invert_ Active_ Low_ Lines(Binary_Input) 
Value= Calculate_ Volage(Byte_Data) 

Return Value 

} 

Calculate _Position(X _Index, Y _Index) 

{ 
X_Poistion = X_Index Screen.Resolution. Width / 21 
Y _Poistion = Y _ Index Screen.Resolution.heigh / 15 

Get_Action_Time) 

{ 
If (Time <Click_Time _In_ Seconds) 

{ 
Do_Action(Click) 

Else 
AskUser() 

} 

AskUser() 

{ 
Show_Option_Menu) 
If (Option= Press) 

{ 
Do_Action(Press) 
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} 

Else if (Option = Right_Click) 

{ 
Do_ Action(Right_ Click) 

} 

} 

Do_Action(Option) 

{ 
If (Option = Click) 

{ 
DoClick) 

} 
Elseif (Option = RightClick) 
{ 

DoRightClick) 

} 
Elseif (Option= Press) 

{ 
DoPress) 

} 
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This chapter specifies the implementation in details for both the hardware and 

software; in hardware it lists the main components and circuits diagrams, functional 

specifications and features. In software it lists a pseudo code of the algorithms used in the 

software and it functionality. 
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Chapter Six 

Testing 

6.1 Overview 
6.2 Hardware Testing 
6.3 Software Testing 

6.4 Summary 
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5.1 Overview 

This chapter focuses on the testin h . . . g P ase In the project, it consists of two section 

the first discuss the hardware testing operations, fc :h ' , or eac component alone, an also when 

its is connected to other components. 

The second section discusses the software testing stages, the interfaces used and 

the results of each testing process. 

6.2 Hardware Testing 

This section views the main steps of testing the project's components, solving the 

problems that occur and finding alternative solutions, we specify how we attempted to 

build each component in the project, if it succeeded or not, and in case of failure, how we 

solved the problem or what kind of alternative solution we took. 

In the following we list all the components we used specifying both the unit and 

block testing. 

6.1 Infrared Sender: 

- Unit Testing 

Wh 
· th infr 3d sender directly without using a resistor, the result 

en connecting e ii rare · high t when using a high resistance the 
is that the led will be burned because of the ig} current, 

. . . . th t the signal will not be detected by the receiver. 
radiation will be very low in a manner' 1a 

d d 
. th a low resistance the radiation will be in 

When connecting the infrare sen er Wl ' 

its maximum ratio. 
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.Block Testing 

When each sender in series with a resistor, and connecting the senders in parallel 

with each other, this connection requires a very high current amount, which causes a 
large increase in the resistors temperature. 

The serial connection of each sender with other senders and finally connecting 

each ten sender with a resistor is appropriate because the temperature on the resistors is 

normal and the current is low. 

Figure 6.1: Infrared Senders Serial Connection 

6.2 Infrared Receiver 

- Unit Testing 

istor causes a low sensitivity, in a try to 
· ± ithout a resistor : Connecting the receiver w1I4, NPN transistor, but this 

. lification circuit that contains an 
increase it we used an ampl 1c% ,;, significant efficiency. 

. xity without causmg a ~ 
option increases the circuit comple 
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In addition the transistor option that was . . · ·· use for switching between one and zero 
as functioning only for short distances, connectir the ' <+ 5 > €ting e receiver with a resistor to the 

ground line and the other receiver's side being d connecte to the power supply was 
functioning correctly. 

_ Block Testing 

Each receiver negative side was connected in series with a resistor connected to a 

common ground line to all other receivers in parallel, and the other side of the receiver 

being connected to a power supply, this option was functioning without being connected 

to the interfacing circuit. 

When connecting the interfacing circuit, the receivers connection didn't work 

because the input lines of the ADC was receiving the voltage on the resistor rather than 

the receiver's voltage, to solve the problem the receiver's signal was taken from the node 
between the receiver and the resistor with the resistors being connected to the power 

supply and the other side of the receiver being connected to the ground. 

6.3 High Power Resistors 

- Unit Testing 

Because of the high current consumption on the senders, the traditional resistors 

b 
. b f th high temperature to solve this problem we used a high power 

was urning ecause o e , 
resistor to that can handle the high temperature. 
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Figure 6.2: High Power Resistors 

6.4 Power Supply 

- Unit Testing 

We needed a 15V power supply that provides an enough current to the senders ' 

also we needed a 5V power supply, and we took it from the USB port of the PC. 

6.5 Oscillator 

- Unit Testing 

In the first try of using the oscillator, we took the output signal without using 

specific oscillator circuit, the result was an erroneous conversion by the ADC, the reason 

was that the ADCs needs a specific clock frequency that ranges from 640 to 680 KHZ, 

that is controlled by the values of two resistors and a capacitor being used in the oscillator 

circuit. 
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Figure 6.3: Oscillator 

6.6 Analog to Digital Converter 

- Unit Testing 

In using the ADC ICs, there were many problems that came out into the scene ' 
next we list each line of the ADC that caused a problem, and how we solved it. 

- Clock: 

At the first usage of the line, we supplied the ADC with a random clock frequency 

that caused a failed conversion process, after that we provided the appropriate clock 
frequency from the oscillator by build a correct oscillation circuit with a specific resistor's 

and capacitor's amount. 

- Start: 

The start pin was receiving the signal from the PC, this caused a problem because 

the period of the active low signal was very short, and being undetected by the ADC, to 
solve the problem we connected the start signal with the end of conversion output signal. 

:. mnversion, such that after each 
This connection is called a free running ° 

conversion, the ADC will automatically start conversion ag@ 
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.ALE: 

At first, the ALE pin was connected t th . o e power supply, this caused a wrong 

input selection, from the timing diagram of the ADC d , an we concluded that the ALE 

signal must be provided as a pulse on the conversion starti: d ing process, so we connectec it 

with the start signal. 

_ Output Enable: 

The problem with the output enable, that it didn't prevent the signal on the output 

lines of the ADC from being passed because it didn't being changed to a tri-state, this 

was a problem because the output lines of the ADC's are shared, and this causes 

interference if the signals are buffered. 

To solve the problem we used a buffer to prevent the signal from being interfered 

with other signals, and the output enable line was always connected to the power supply, 

such that the output is always enabled. 

-Block Testing 

When connecting the five ADC ICs with each other, the problem we faced was in 
· bl lved by using tri-state transceiver. 

the output signals interference, this pro em was so 

6.7 Decoder 

- Unit Testing 

d . wrong way which caused the decoder to be 
Once a decoder IC was connecte 11 hi h caused a delay in the progress. 

crashed, and we didn't discover that early, w c 
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58 Parallel Port 

In using the parallel port, there were man 

d 1
. f. th y problems, first of all we didn't connect 

the grounc lines o1 e parallel port to the ground r . . · line of the circuit, and this caused an 

erroneous data reading on the parallel port. 

The second problem was using th Ii e wrong mes of the parallel port to receive the 

input form the ADCs; this was because the wrong view f th b o e num ers on the parallel 

port. 

The third problem was in that the parallel port control and status line are all active 

low, and some of them are inverted, we used to provide them with an active high and this 

caused no data receiving at the parallel port. 

6.3 Software Testing 

This section views the main steps of testing the software, determine its behavior 

and how to interact with the interfacing circuit through a temporary software interfaces 

that helps in understanding the actions of both the software and hardware. 

Next we list each stage of using the software, the purpose of it and the problems 

that we faced. 

- Reading the parallel port lines 

At this level of testing the software, we created a temporary software interface to 

test the interfacing circuit and study its behavior according to each input coming from the 

PC. 

t
. f the testing software, it contains controls 

The following figure shows a section O ;r and shows the output as binary and as 
that reads continuously the parallel port me 
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decimal values, also it allows us to send d ta a to the control d d 1· 
can be used to output data on the an ata mes because they 

parallel port. The data in th 

d
·usttnent because some ofth . . e text boxes needs 

a ~ e pins are mverted. 

# Form1 

[e ]['ooo10o Data I I Send 

Status \ 120 [1111000 

control [12 [o0o1 100 11 Send I I J 

Figure 6.4: Reading the data one the parallel port line 

- Sending control signal to the interfacing circuit 

At this level of testing the software, we used components and controls to send 

interfacing signals to the interfacing circuit, each time selecting a specific IC of the 

ADCs in the circuit and for each IC, we can choose which receiver to read its voltage, 

this can be done by sending a specific selection word on the parallel port output lines. 

Pressing a specific button will change the value of the control word send, which 

will change the selected receiver on the circuit. 
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[ IC1 ( L1 [ s _] 
[ 1c2 ( L2 

[ [1oooooo IC3 L3 

[0000coo 

[ IC+ L4 

[ IC5 LS I check 

L6 l Data In] 

L7 Delay to read one led in milliseconds: Label? 

L8 

Delay to read 35 led in milliseconds: Label@ 

Figure 6.5: Sending Control Signals on the Parallel Port 

In the last figure, there are five buttons to select each ADC, and eight buttons to 

select a specific receiver in the ADC to be read, after selection, the receiver voltage will 

be shown in the text boxes as binary and decimal values. 

On the other hand the time required for sending the control signal and until 

receiving the voltage value is calculated and placed in the text box as a value in 

milliseconds. 

- Reading the receivers voltages using the parallel port 

At this stage of software testing we were reading the analog voltage of each 

receiver and store it to he used in calculation, this calculation will determine the index of 

the led that detected a touch, and calculate the position of the touch on the screen. 

The following figure shows the storing of the receivers voltages as they are read 
sue · 

1 
aft th it al 

O 
shows the average value of the voltage on each 

cessively one ter anot1er, 1t k 
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receiver after being read a number of ti nnes, such that thi . 
while there no touches on the screen d . . s is 

th
e voltage on the receiver 

,anc it will be used tc :al 0 c culate voltages differences. 

LO 00000010 1.sys 
LI 00000100 3.59375 
L2 00000100 3.671875 
L3 00000011 2.63671875 
L4 00000010 1.69921875 
LS 00000011 3,125 
L6 00000010 1.875 

RO : 00000o11 : 3.18359a75 
Rl : 00000010 : 2.2578125 
R2 : 00000100 : 3.65625 
R3 : 00000010 : 2.37109375 
R4 : 00000010 : 1.90625 
RS : 00000011 : 2.8359375 
R6 : 00000010 : 1.91796875 
R7 : 00000011 : 2.875 
R8 : 00000011 : 3,390625 
R9: 00000011: 2,859375 
Rl0 : 00000011 : 2.80859375 
RU : 00OOO0ll : 2.5390625 
R12 : 00000010 : 2.18359375 
RI3 : 00000011 : 3.4765625 

Figure 6.7: Reading Receivers Voltages 

The following figure shows an image of the software while running; it shows that 

the screen is receiving touch, using a label that is visible only when a touch occurs; it also 

shows the voltages of the receivers on each reading. 
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J 00101~-- J I s..i 11 _ ----------1 

aoooooo] 
acoiono T[ sa ] 

Touch 
LI I [ sar 

L2 I 
13 I 
L4 l 

'01000000 

@ixxml 

LS ] check 

Lt6 

11 Delay to reed onolodln .-.is: u11e17 
Delay to read 35 led in milliseconds: Label@ 

to : 0oooooii : s.«as 
LI I 0000ooll : 3.117%875 
? 199999gig z.sisis 
;,\ 99000910 : 1.s42s&87s 

: DO0000011 : 2.96075 
L5 : 00000010 : 1.05546075 
L6 : 00000011 : 2.8125 
L7 : 00000011 : 2.79296075 
LB: 00000011 : 2.01.25 
L9 : 00000011 : 2 7731375 
LIO : 00000010 : 2.24&o9375 
LI1: 00000010 : 2.109375 
LIZ : 000001O1 : 4.82421075 
ll3 I 00000 100 : 4,296875 

RD: 000000 11 :3- ~­ 
RI : OCDlll lOO : 3,5231375 
R2 1 000000 10: 2.32ll3 l25 
R31 000000 10: 1,SS16875 
R4 I 000000 11 : 2.93JS9375 
RS: 000000 10: 1,8203125 
R6 I 000000 11 I 2.66015625 
R7 : 000000 11 : 2.8J21Xl l2S 
R8 : 000000 11 : 2.683S9J75 
R9 : 0000001 1 : 2.73829125 
RID : 000000 10 : 2,'4Wm5 
RII : 000000 10: 2.06640625 
Rl2: OCDlll lOO: 3,SSJ7812S 
Rl3: 000000 1112,91015625 

1B 

51)9 41 13 Dfference 1,38671875 Refem,a, IJibel ll 

Figure 6.8: Touch State 

6.4Summary 

This chapter focuses on the testing stage of the project, the first section is about 

hardware testing, it shows each unit that is tested, what problems we faced and how we 

solved it, the result of unit and block testing for each component in the hardware. 

Section two is about the software testing, showing the interfaces that were used, 

what results we had after testing each component and the problems that we faced. 
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Chapter Seven 

Conclusion 

7.1 Overview 
7.2 Results and Conclusion 

7 .3 Challenges 

7.4 Future Work 

7.5 Summary 
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This chapter reviews the results of th . · .s he project as a whole, including the 
conclusion that we came out with, the results of ·' . ' our project, the problems that we faced 

and our suggestion for future work on related project. 

In the infrared net based touch screen project, we built an infrared net that 

consists of a group of sender and receivers facing each other, mounted on an aluminum 

frame, also we connected the frame into an interfacing circuit that is connected to the PC. 

The software on the PC will be responsible for scanning the infrared frame 

through sending control signals to the interfacing circuit, the results we came out with 

satisfies the main requirement we stated in the previous chapters, and the following are 

the results we achieved: 

1- We built an infrared based touch screen that is interactive and sensitive to a finger 

touch. 
2- We built the main interfacing circuit including the analog to digital converters, internal 

multiplexers, decoder, tri-state transceiver, clock generator and inverters. 
3- We connected the interfacing circuit with the PC using the parallel port. 
4. We implemented the software that communicates with the hardware and provides the 

user's services. 
5- Threads can be used to reduce the response tune because it allows the pipelining 

. th rammer a full control of the operating 
6- Win32 APIs provide functions that give 'he prO£! 

system's hardware and software components. 4a>, t the infrared beam over its surface. 
7- The light of the computer screen doesn_t a.u.ect e 
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7.3 Challenges 

The following are the main challer ci enges and probl 
project building process: ems that we faced while the 

j. The infrared beam interference cause s a wrong detection of the t h 
such that multiple receivers can be affect d b ouc on the screen, e y a touch that is t 11 . . . 
2- Despite that the alumin . no rea y in their direction. 

. . um is a good choice to build the frame, but it causes beams 

reflections that results in wrong detection. 

3. The infrared senders consume a high level of . . . . power and require high power resistors 

to workman efficient manner. 

4- There is a significant delay in scanning the infr d b . rare net ecause of the time needed in 

transferring the control signal from the PC to the interfa · · · d · · cing circuit an. receiving the data 

from the interfacing circuit. 
5- The large size of the senders and receivers causes a limitation on the number of the 

sensors that can be used as whole. 

.~, J 

1- A microcontroller can be used to provide the PC to infrared net interfacing, such that 

the microcontroller can interrupt the PC only when a touch occurs. 
2- Increasing the number of the infrared receivers/senders, this increases the resolution. 
3- Increasing the length of the frame canals to increase the filtration and reduce the 

interference. 
4- Reducing the size of the frame holes to allow the increasing of the receivers/senders 

number. 
5- Using a photo transistor instead of photo diodes because they have a higher sensitivity. 

6- Using the USB port for data send and receive to increase the speed and response. 
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7 5 Summary . ,.; ;;,•~,· ' .. ·• .: :-.:•;·:.,.,_.... <::).:·:j .. ·' .:-·:-. 

This chapter focused on the results of our project progress, the conclusion we 

Ut and our suggestions for future work on related projects. came O 
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~National Semiconductor November 1885 

ADC0808/ ADC0809 8-Bit µP Com] ·ti with a-Channel Multiplexer pa ible A/0 Converters 

General Description 
lhe ,6J)C0808, ADC0809 data acquisition component Is a 
monolithic CMOS device with an 8-blt analog-to-digital con­ 
verter, g-channel multiplexer and microprocessor compatl• 
ble control logic. The 8-bit AID converter uses successive 
;i.pprmdmatlon as -the conversion technique. The converter 
fea\lJftlll a high ltnpeda~ce chopper ~tablllzl!d comparator, a 

2
55A voltage divider with analog switch tree and a succes­ 
sive approximation register. The &-channel multiplex!!!' can 
dlrectlY access any of 8-&ingle-ended analog slgn11h;. 
The device eliminates the need for external zero and full• 
4l rlligtmirtg. Easy Interfacing to microprocessors is 
l -±#2 7 latahad and dccadad multiplexor address 
inputs and latched TTL. TH-STATE® outputs. 
The design of the ADCOB0B, ADC0609 has been opffmi~.i>d 
by incorporating the most desirable aspcrtc st rvrrr] A/D? 
conl/ef!;\on tac:tinlques. The ADC0808, ADC0809 offers high 
spaod. -high accuracy, minimal temperature dependence, 
urgrllrrt lr-torm cduracy and repeatability, and con­ 
sumes minimal power; ·1 hesa teatures malte this ds'Jic:a 
Ideally suited to applications from process. Ol'ld rna<.·him~ 
control to consumer and automotive applications. 1-ot 11:;- 
c;hannel multiplexer wiih common output (sample/hold port) 
see AOCOB16 data sheel (See AN-247 for more informa• 
tion.) 

Features 
■ Easy Interface to all microprocessors 
■ Operates ratlomelrlcall wl adjusted voltage refere~.;: th 6 Voe or analog span 
■ No zero or full-scale adjust required 
I 8-channel multiplexer with address logic 
■ 0V to 6V Input range with slngla 6V power supply 
• Outputs meet TTL voltage level specifications 
s Standard hcrmuta ar mat±c± 2-p DI" package 
: 8-pin mldcd chip carrier palag 
■ AOCOB0B equivalent to MM74C949 
■ ADC0809 equivalent to MM74C848·1 

Key Specific=ti:ss 
• Rru-.nlntlnn 
■ Total Unadjusted Error 
■ Single Supply 
■ Low Power 
as Conversion Tire 

'p» 
C 
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0 
00 
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0 
CD 
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15mW 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditi 
If a,111r,ry/Aer06Pace apeclfled device& are required 
pl.... contact the National Semiconductor ' 

Temperature Rang (Nn I IOnS (Notes 1 & 2) 
orncetDlltrlbutor• for availability and apeclflcatto':,3~

11
• 

e ole 1) ADCO8OBCJ TN<TA<TA 

gupp1yVollag11 (\Ice) (No\e 3) 6.5V ADCOBOBCCJ,ADCOBOBCCN 
-55C< T%< + 125C 

yoltage at Any Pin -0.3V to (Vcc + 0.3V) ADCOB09CCN ' =40C<T,< + 85C 
gycept Control Inputs ADC0B0BCCV, ADCOB0BCCV 

Voft898 at Control Inputs -0.3Vto +15V Range of Vee (Note 1) 
-400 < T4 < +85C 

(START, OE, CLOCK, ALE, ADD A. ADD B, ADD C) 
4.5 Vc to 6.0 Voe 

s10rage Temperature Range -o5•c to + 150C 
~ Dissipation at T,=25C 875mW 
Lead Temp. (Soldering, 1 0 seconds) 

Dual-In-Line Package (plastic) 260-C 
oual-ln-Une Package (ceramic) 300'C 
Molded Chip Carrier Package 
vapor Phase (60 seconds) 215"C 
Intrared (16 seconds) 220C 

ESD susceptibility (Note 8) 400V 

Electrical Characteristics 
eom,erter Speciflcatlona: Vcc=S Voc=VREF V =GN stated.. F+» YREF(--)= ND, TuiNSTASTux and fcL=640 kHz unless otherwise 

Symbol Parameter Conditions Min 

AOCOBOB 

Typ Max Units 

Tot:11 Um::dlu:.tcd Error 26'C ±, LSB 

(Note 5) Tuy to TAX ±2 LSB 

ADC0809 
Total Unadjusted Error O"Cto70'C ±1 LSB 

(Note5) TIN to T4AX ±1¼ LSB 

Input Resistance Frc,ro Rel(+) \c, Rel( ) 1.0 2.5 kn 

Analog Input Voltage Range (Note 4) V(+) orV(-) GND-0.10 Vcc+o.10 Voe 

VREF(+) 
Voltage, Top of Ladder Measured at Ref( I ) Vee Vee I 0.1 V 

Var(+ AEF--) Voltage, Center of Ladder 
2 

Vcc/2-0.1 Vcc/? Vcc/2+0.1 V 

VREF(-) 
Voltage, Bottom of Ladder Measured at Ref( - ) -0.1 0 V 

IIN 
Comparator Input Current fc = 640 kHz, (Note 6) -2 ±0.5 2 A 

Electrical Characteristics Digital Levels and DC Specifications: ADC0808CJ 4.5V~Vccs:5.5V, -55°CS:TA~+12s•c unless otherwise noted 
ADCOB0BCCJ, AOC080BCCN, ADCOB0BCCV, ADC0809CCN and ADC0809CCV, 4.75~Vcc,,;;5.25V, -4o•c,,;;TA,<;;+85°C un• 

less otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

ANALOG MULTIPLEXER 

loFF(+) I OFF Channel Leakage Current Vo =5V, Vy=5V, 
T,=250 

10 200 n 

TN to Tux 
1.0 A 

loFrF--) OFF Channel Leakage current 
Vee =5V, Vig=0, 

-200 10 nA 
T,= 25C 
Tuy to TMAxX 

-1.0 A 

http:/fwww.natlonal.com 
2 



Electrical Characterlsti 
Digital Level• and DC Speclflcatlo S. (Continued) 
AOCoBOBCCJ, AOCOBOBCCN, ADCoao:·· ADCOBOBCJ 4.5Vs:V s: cs otiarwisa noted 8CCV,' AbcoioiccivkkX$=,;:, ;@g·Ts +2src 09CCV, 4.76s:V s: unless otherwise noted 

symbol [_ _Parameter]·cc55.25V, =40G<T,< + ec ur­ 

cONTROL INPUTS . Conditlona I . Min I Typ I Max I Units 

VIN(t) V 

VN(o) 

IN(t) 

Logical "1" lnµul Vollagt1 

Logical "O" Input Voltage 

Logical "1" Input Current 
{The Control Inputs) 

Logical "O" Input Current 
{The Control Inputs) 

tee Supply Current 

DATA OUTPUTS AND EOC (INTERRUPT) 
VQUTl1\ Logical "1" Output Voltage 

VoUTIOl Logical "O" Output Voltage 

VouTo) Logical "O" Output Voltage EOC 

Vcc=1.5 

Vy= 15V 
1.5 

1.0 

Vu 0 -1.0 

fCL= 640 kHz 0.3 3.0 

lo 360 A Vcc -0.4 
lo 1.6mA 

lo= 1.2 mA 
0.45 

Vo= 5V 
0.45 

Vo =0 
3 

-3 

V 

A 

V 

lour TRI-STATE Output Current 

V 
·v 
A 
A 

Electrical Characteristics 
nmlng Speclflcatlona Vcc=VREF(+)=SV, VREF( y=GND, t, ty ·20 ns and TA 25'C unless otherwise noted. 

symbol Parameter 
tws Minimum Start Pulse Width 

conditions 
(Flgure5) 

Min 

twALE Minimum ALE Pulse Width 
ts Minimum Address Set-Up Time 

(Figure5) 

(Flgure5) 

H 

to 

Minimum Address Hold Time 
Analog MUX Delay llme 
From ALE 

(Figure 5) 

Rs- on (Figure 5) 

tH» Ho 
t4Hr toH 

OE Control to a Logic State 
OE Control to HI-Z 

C ·50 pF, R = 10k (Figure 8) 
Ci -10pF, R1 -10k(Flnure8) 

Conversion Time 
fc -640 kHz, (Figure 5) (Note 7) 90 

10 
te Clock Frequency 

teoc EOC Delay Time (Figure5) 0 

CI Input Capacitance 
At Control Inputs 

Cour 
At TRI-STATE Outputs 

Typ Max Units 

100 200 ns 

100 200 ns 

25 50 ns 

25 50 ns 

1 2.5 S 

125 250 ns 

125 250 ns 

100 116 S 
640 1280 kHz 

8+2 S Clock 
Periods 

10 15 pF 

10 15 pF 

Note 1:_Abaolute Maximum Ratings Indicate limits beyond which damage to the dovlce may occur. DC and AC alactrical specifications do not apply when oporating 

the device beyond Its specified operating conditions. 
Nola 2: All vollugeus ure measured with ruspact to GND, unless othuwisu spucifish. 
Note 3: A :rener diode oxists, intornally, from Voe to GND and has a typical breakdown vottaoe of 7 Vr,c- 
Note 4; Two on-chip diodes are tied to each analog Input which wtll forward conduct tor analog Input voltages one diode drop below ground or one diode drop 
greater then the M--n supply. The spa@ a!lows to0 mh tomnard bias at either diode. This means that es !ang as the analog Vy;does not exceed the sup?V ''?VF 
by more than 100 mV, the output code will ba correct. To achieve an absolute OVoc to /Noc Input voltage range wm 1ha,efore require a minimum supply voltage of 

4.000 Vc !1'1111 temperature variations, lnltlal tolerance and loading. Nolt 5: Total unadjusted error (ncludes offset, full-scale, &nearity, and mulliploxet en-or,, see F,gtJM 3. Nona of these A/Os requires a zoro Ot full-ocale adjust. 
However, f an all zero code Is desired for an analog input other than 0.0V, or if a narrow ful~scala apsn e,cisla (for -mple: O.SV lo 4./N IUl~ac:al•l tho reference 

volt.agos can be adjusted to achieve this. See Figure 13. Note 6: Comparator input cumin! la a bias currant Into or out of the chopper stabilized comparator. The bias current varies diroctty with clock troqusncy and has 

[it!e temperature dependence (Figure 5).See paragraph 4.0. 
Mote 7: The outputs of Iha data register are updated one clock cycle t,e1ore the rising edge ot EOC. 

Note I: Human body modal, 100 pF diachatgad thrOU11h a 1.5 ld1 reslslOf, 

TRI-ST ATE Output 
Capacitance 

hit!':/ /www.nationaJ.ccm 
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nal Description 
f unctio 8 device contain& an 8-channel slngl&-end­ 
ope®,',", natptexer. A particular input channel is 
eel analog slg si the address decoder. Table I shows the 
tactad b) ®",",,a&recs tines to select any channel. The 
st stl;",,''7 iao no decoder on tha tow-to-high tran­ 
addrllSS "aass tatch enable signal. 
gton of the a TABLE I 

SELECTED ADDRESS LINE 

ANALOG CHANNEL C B A - INO L L L 
IN1 L L H 
IN2 L H L 
IN3 L H H 
IN4 H L L 

IN5 H L H 
H H L INS 
H H H IN7 

Jags 

ONVERTER CHARACTERISTICS 

rhe Converter . . syst • it: 8- 
se ,4, » jle chit data acquisition tern is ts 
no taant of,""",,,le no converter is aasiaa bit analog-to-di 

to give fast, accurate, and repeatable conversions over a 
wide range of temperatures. The converter is partitioned 
into 3 major sections: the 266A ladder network. the succes­ 
slve approximation regl&ter, and the comparator. The con­ 
verter's digital outputs are positive true. 
The 256R ladder network approach (Figure 1) was chosen 
over the conventional FR/2F ladder because of Its Inherent 
monotonicity, which guarantees no missing digital codas. 
Monotonicity Is particularly Important In closed loop feed­ 
back control systems. A non-monotonic relationship can 
cause oscillations that will be catastrophic for the system. 
Additionally, the 256R network does not cause load varia­ 
tins in the reference voltage. 
The bottom resistor and the top resistor of the ladder net­ 
work in Figure 1 are not the same value as the remainder of 
the network. The difference In these resistors causes the 
output characteristic to be symmetrical with the zero and 
full-scale points of the transfer curve. The first output tran­ 
sition occurs when the analog signal has reached + ½ LSB 
and succeeding output transitions occur every 1 LSB later 
up to full-scale. . 
Toe successive approximation register (SAR) performs 8 it­ 
erations to approximate the Input voltage. For any SAR type 
converter, n-iterations are required for an n-bit converter. 
Figure 2 shows a typical oxample of a 3-bit converter. In the 
ADCOBOB, ADCOB09, the approximation technique is ex­ 
tended to B bits using the 256R network. 

CONTROLS FROM S.A.R. 

REF(+) 

1%B 

» R • • 
• . 

R • • {Bennion • 
2sen $ . • INPUT . . . • 

R 

• . 
• . 

R • 
• • 
» R 

REF{-) 

and Switch Tree FIGURE 1. Resistor Ladder 

TL/H/5672-2 
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ctlonal Description (Continued) 
fUO O con\lerter'& &UGGB&&i\le approximation regl&ter 
TM "' set on the positive edge of the start conversion 
(SAA) is re Toe conversion ls begun on the falling edge of 
(SC) pUIS:onverslon pulse. A conversion In process will be 
the statt ad by receipt of a new start conversion pulse. Con­ 
Interrupt rsion may be accomplished by tying the end­ 
tinuous co= (EOC) out.put to the SC lnpul If used In this 
ot-r.onvers xtemal start conversion pulse should be applied 
mode, an e End-of-conversion will go low between O 
attar power up,.ses after the rising edge of start conversion. d 8 clock pu . 
an ortant section of the AID converter rs the 
The most lml~ ls this section which Is responsible for the 
comparator. cy of the entire converter. It Ir; alr;o the ultimate secure 

111 

110 

~ 101 
a 
iE 1o 

E .. 
~ 

FULL-SCALE 
ERROR• 1/Z LSI 

th-w="", w !,,% n 2n an «no sn on 1/ 
YIN AS FRACTION OF FULL-SCALE 

FIGURE 2. 3-Bit A/D Transfer Curve 

comparator drift which has the greatest lnlluence on the 
repeatabnity of the device. A chopper-stabilized comparator 
provides the most effective method of satisfying all the con­ 
varter requirements. 
The choppar-stabllized comparator converts the DC inpu1 
signal Into an AC signal. This signal is than fad through\ a 
high gain AC amplifier and has the DC level reatcred. Thia 
technique limits the drift component of the amplifier since 
the drift Is a DC component which Is not passed by Iha AC 
amplifier. This makes the entlre AID converter extremely 
insensitive to temperature, long term drift and inpu1 offset 
errors. 
Figura 4 shows a typical error curve for tha ADC0BO& as 
measured using the procedures outlined in AN-179. 

111 

11D 

IIIFINIU IIUOLUTIDN 
PlRFECT CDNVEIITER 

IDEAL 3-IIT COIIVERTEA ... g a 
u 
5 oo ~ s on 
~ 110 

1111 

]__cc-i 
0081,1 1/1 211 2/1 4/1 511 1/1 711 

V[y AS F FRACTION OF FULL -SCALE 

FIGURE 3.. a-Bit A.ID Abeotute Accuracy Curve 

REFERENCE LINE 

. - ,IIUllllllllllll1111111111111'111llllllll!lllllll1111111 pee: III'AAllA'Hi[I#'##mt"" " "! 
ERROR] rHusszz-s tNl'IIT IV 

VOLTAGE 

FIGURE 4. Typical Error curve 
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ctlonal Description (Continued) 
fun D converter'& &UCC8&&ive approximation register 
1\18 M set on the positive edge of the start conversion 
(SAR) Is re The conversion ls begun on the falling edge of 
(SC) pUIS~~nverslon pulse. A conversion In process WIil be 
1118 

st3rt ed by receipt of a new start conversion pulse. Con­ 
Interrupt rsion may be accomplished by tying the end­ 
suous V""eocy oitput to mho'sc impui if usod ia mhis 
of..r,onvars xt mal start conversion pulse should be applied 
mode, an 8 i End-of-conversion will go low between o 
ate "?" ,,% anor ina rising odgo it start conversion. 
a
nd 8 

c ortant section of the AID converter is the 
'The moS

t wr;~ is this sectlon which Is responsible for the 
comParator. cy of the entire converter. It is also the ultimate accura 

IIIFINITl RUOLIITIDN 
111 PERFECT CONVEIITIR 

111 
FULL SCALE 
ERROii • 1/Z LSI 

11D IDEAL HIT CONVERTER 111 
w u 101 g 101 u .. 
!:; IQQ 

0 .. , .. 
~ Joe 

22 
::, an B co '" ~ 110 

a 

~ 
Oil 

th-",, w ®,,% in 2n an 4n sq on 7 
YIN AS FRACTION OF FULL SCALE 

FIGURE 2. 2-Bit A/D Transfer Curve 

comparator drilt which has the greatest lnlluence c,n lhe 
repeatability of the device. A chopper-stabilized comparator 
provides the most effective method of saUsfying all the con­ 
vortor requirements, 

The chopper-slabllized comparator converts Iha DC input 
signal Into an AC signal. This signal ls then fed lhrought a 
high gain AC amplifier and has the DC level reatored. Thi& 
technique limits the drift component of the amplifier since 
the drift Is a DC component which ls not passed by the AC 
amplifier. This makes the entire AID converter extremely 
Insensitive to temperature, long term drift and Input offset 
errors. 
Figura 4 dhows a typical orror curva for the ADC0&O& a 
measured using the procedures outlined in AN-179. 

j-[ez-Vu 
•.,. 1/1 2/1 2/1 4/1 111 1/1 7/1 

V[jy AS FRACTION OF FULL SCALE 

AGURE 3. 3-Blt AID Absolute Aecurac<J Curve 

. REFERENCE LINE 

- 1111111111111111111111111111111'1!1111111!11111111111111 /AAA#ye'#HU#rt int 
INPUT OV 

VOLTAGE . 

FIGURE 4. Typical Error curve 
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connection Diagrams 

Dual-In-Line Package 

~ 28 IH2 

IH4 2 27 IH1 

IH5 3 26 IHO 

IN6 4 25 ADO A 
IN7 5 24 ADO B 

START 6 23 AOO C 

EOC 7 22 Alt 

5 8 21 2° 'use 
oUll'llT ENABlt 9 20 -2 

CLOCK 10 19 -3 
Vcc 11 18 gr 

Vy (®) 12 17 2·8t.se 

GHD 13 16 his () 
r7 14 15 2r6 

TL/H/5672-11 

Order Number ADC0808CCN, ADC080BCCN, 
ADC0808CCJ or ADC0808CJ 
See NS Package J28A or N28A 

Timing Diagram 
[--=] 

CLDCl 

Molded Chip Carrier Package 
«( aa J 

g a$4517 
25 24 23 22 21 20 19 

INO 26 18 2•4 
IHI 27 i7l 2.s 
IH2 28 
IH3 1 
IN4 2 
INS. ,3 

IN6. 4 

5 6 7 B 9 10 11 

1s] Vy (-) 
1s] .27® 

u} 27 
13 GIID 
12 Vm(+) 

Tt/H/5672-12 
Order Number ADC0808CCV or ADC0809CCV 

See HS Package V28A 

ITAftT ~- • ; 

All IO!I IO!I -----------<►----------------- 
ALE= 

AODIIUS 

AIAl.00 
lllf llT 

COWAKATDft 
IuT 

Pffll\llAI.IIIDI 

OUTPIIT 
lllAILI 

lOC 

'-- l L-SfAIU MIDIIESS .. 111' 

'" ts 

~ : STAil£ 

A 
5?­ I 
Y 

) -- •a- I L- 

f -\- I 
i----lOC 

t " -------{ } 
Tf114JA1£ --------- \.----- 

OUTNTS ---------------------- TLJH/5672-' 

FIGURES 
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ryptcal Performance Characteristics 

3 Ul---t----t-:.F-b~4 
~ a ghh@bl=Gp] 
~ 
$ -gs} 7re [J ] 

_, 

1.25 26 3.75 

VaN IVI 

FIGURE 6. Comparator 11N vs V1N 
(Vcc=VREF=SV) 

FIGURE 7. Multiplexer ROH VS V1N 
(Vcc= VREr = 5V) 

TRI-STATE Test Circuits and Timing Diagrams 

t+» 'Hi tyH» GL= 10 pF tH1, CL =50 pf 

Vee 
OUTPUT 
ENAILE 

GND -~~----- 
OUTl' IIT 
ENAlll! ."g" 

OUTPUl ~· ~ 
QNo-------" 

to, CL== 50 pf 

to» 'Ho 
ta, CL = 10 pF 

Vee vec 

OUTPUT 
ENAILE 

a .___..___.,___..J.-_..J 
D 1.25 2.6 3.75 

Vig (V) 

Vee 
OUTPUT 
ENAILE GNO=f? · - Ver. 
OUTPUT 

Vg 

lfH t 
F 

Tl./H/5672-5 

• 90% 

" .. -L 
TL/H/567 2-6 

FIGURES http://www.national.com 
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~ppUeatlons Information 
9TON 

-pOMETRIC CONVERSION 
1.0 R~00608 AOCOB00 I:. daslgnad as a complota Data 
To . skstom DAS) for ratiometric conversion sys­ 
ACCl~~atiometric systems. the physical variable being 
1t11"- ~ Is expressed as a percentage of full-scale which 
,neasu ecsssanlY related to an absolute standard. The volt­ 
IS not n t to ho ADC0BOB is expressed by the equation 
gs inpU 

~ ... Ox 
y,--Vz Dax PMIN 
ViN-input voltage into the ADCOBOB 
y,= Full-scalo voltage 
y-y = Zero voltage 
p,y= Data point baing measured 
OW.X"' Maximum data limit 
Ot.llN == Minimum data limit 

good example of a ratiometric transducer is a potentioms­ 
ter used as a position sensor. The position of the wiper Is 
4rectly proportional to the output voltage which Is a ratio of 
1he 1u11-soale voltage across It. Since the data is represent­ 
ed as a proportion of full-scale, reference requirements are 
greatly reduced, eliminating a large source of error and cost 
for many applications. A major advantage of the ADC0BO8, 
Al)C0809 is \hal \he inpul vol\aga ranga is aqua! to the sup­ 
ply range so the transducers can be connected directly 
across the supply and their outputs connected directly into 
Iha multiplexer Inputs, (Figura 9). 

(1) 

Ratiometrlc transducers 
gauges, thermistor bridge such as potentiometers, strain 
suitable for measuring P 5• pressure transducers, etc., are 
many types of meatur roportional relaUonships; however, 
lute standard such as ::~nit mutt be referred to an abcc­ 
tem reference must b ge or current This means a sys. 
voltage to the i8 ~sad Which relates the full-scale 
Vcc=V; :=s5. Stan ard volt. For example, if 
sis ."Ea ,' ";"» utans are is dsiiei ts 
which Is then 20 mV. e smallest standard step is 1 LSB 
2.0 RESISTOR LADDER LIMITATIONS 
,","]®? om io rasstor iteor are compared to wo 

m O II times in a conversion. These voltages are 
coupled to the comparator via an analog switch tree which 
Is referenced to the supply. The voltages at the top center 
and boll\or of he ladder must 'bu con\rolled lo maintain 
proper operation. 
The top of the ladder, Ref(+), should not be more positive 
than the supply, and the bottom of the ladder, Ref(-), 
should not be more negative than ground. The center of the 
ladder voltage must also be near the center of the supply 
uecause the analog awilch bee changes from N-channE,\ 
switches to P-channel switches. These limitations are auto­ 
matically satisfied in ratiomebic systems and can be easily 
mat in ground referenced systems. 
Agurs 10 shows a ground referenced system with a sepa­ 
rate supply and reference. In this system, the supply must 
be trimmed to match \he reference 'lloltage. For \m,tance, if 
a 6.12V Is used, the supply should be adjusted to the same 
voltage within 0.1V. 

j .,._ ....., -t ,., 
• 

»»lo, 
• • • 

Jolt(} 
IIEF(-1 

b»opp@pr»i EN ._ _ 
* 

* 

0gUT 

ADcteel 

DIGIT/IL 
OUTPUT 
PROPORTIONAL 
TOAIIALOG 
INPUT 

VIN VIN 
Gour" v7" ve6 
4,76¥ sVgc=VREr s5.25¥ 

9 Ratlorotrlc transducers 
TL/H/5672--7 

FIGURE 9. Ratlometrlc conversion system 
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Applications Information (Continued) 
p ,e.ocoooo needs less than a milliamp of supply current 

'Th&developlng the supply from the reference ls readily ac­ 
so Jst,ed. In Flgum 11 a ground referenced system Is 
comp! which generates the supply from the reference. The 
shown shown can be an op amp of sufficient drive to supply 
butlerilliamp of supply current and the desired bus drive, or If the m ar.ltlve bus Is driven by the outputs a large capacitor 8 ~ap p~ly the transient supply current as seen In Figure 12. 
;estt.1301 Is overcompensated to Insure stability when 
loaded by the 1 0 F output capacitor. 

The top and bottom ladder voltages cannot ei<cead Vee 
and ground, respectively, but they can be symmetrically less 
than Vcg and greater than ground. The center of the ladder 
voltage should always be near the center of the supply. The 
sensitivity of the converter can be increased, (i.e., size of 
the LSB steps decreased) by using a symmetrical reference 
sy!Jtem. In Figure 13, a 2.6V referenr,e Ill llymmatr1r:'3JIY r:an• 
tered about Vog/2 since the same current flows In Identical 
resistors. This system with a 2.6V reference allows the LSB 
bit to be half the size of a 5V reference system. 

1--------tvcc 

w]. {EF{) 

• . . ,.o 
REF(-) 

lsymm] GIN ..._ __. 
AC6GO@ 

FIGURE 10. Ground Referenced 
conversion System Using Trimmed Supply 

DIGITAL 
OUTPUT 
REFERENCED 
TO 
GROUND 

aoor-..!'.I!!. 
VREF 

4,75V $ Veg = Vaz < 5.25V 

VREF 
VREF(+) : . ,.o 

AEFH 

L[" + 
ADCOIDI 

DIGITAL OUTPUT 
REFERENCED TO 
GROUND 

need conversion System with 
riGu= 11: Ground "","',,as vcc sup» Reference 

VIN or , 
4.75V ,: Vo;, • VREF ;; 6.25V 

TL/H/5672-8 
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Applications Information (Continued) 
10-15 Ve 

t 

Ver 

_@b REF(+} 

UV 
REFERENCE 

R3 4 10 F 
SOLID 
TAIITAlU!il 

OND 

- REF(-) 

FIGURE 12. Typical Reference and Suppiy Circuit 

&V 

R 
Vee 

3.76V 
REF(+) 

hn 
• 

* 
• • • OgUr 

• 
* ht 

1.25V REF(-) 

Rg 
GND 

- 

DIGITAL OUTPUT 
PROPORTIONAL TO 
ANALOG INPUT 
1.21V S VJN S 3.71iV 

R;=Rg 
"Ratiometr1c transducars 

TL/H/5672-9 

S.O CONVERTER EQUATIONS 

FIGURE 13. Symmetrically Centered Reference 
4.0 ANALOG COMPARATOR INPUTS 

The transition between adjacent codes N and N + 1 Is given 
by: 
we- {vs-wes-];3] -us} +vas-» ® 

The center of an output code N is given by: 

«{veer-wen-];J]=vs} +ewe-» 
The output code N for an arbitrary input are the Integers 
wtth ln the range: 
y, urAar(=) .y256 ±Absolute Accurac (60 

Var+)=VREF(--) 9cy 

where: V1N= Voltage at comparator input 
VREF(+ ) = Voltage at Ref(+) 
VREF(-- )= Voltage at Ref(-) 
Vrue=Tolal unadjui;lt1d t1rror vollagt1 (lypiually 

VREF(+) + 512) 

The dynamic comparator input current is caused by the peri­ 
odic switching of on-chip stray capacitances. These are 
connected alternately to the output of the resistor ladder/ 
switch tree network and to the comparator input as part oi 
the operation of the chopper stabilized comparator. 
The average value of the comparator Input current varies 
dtrectlY wittl ctock frequency and with Vjy as shown in Fig­ 

ure 6. 
If no filter capacitors are used at the analog inputs and the 
signal source Impedances are low, the comparator Input 
current should not Introduce converter errors, as the tran­ 
sient created by the capacitance discharge will die out be- 
fore me comparator output is strobed. 
If Input filter capacitors are desired for noise reduction and 
signal conditioning they will tend to average out the dynamic 
comparator input current It wtll then take on the character­ 
istics of a OC bias current whose effect can be predicted 
conventionally. 

http://www.national.com 
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Typical Application 

~ 
DIE 

(AD4--AD1S) 

. SUCkllt 
I.OOOV 
UIOV 

START 

] _JO-]ALE 

Vee 
pa] gg 

ADCIIOa 
ADc=!S 

lfflill!Upf 

INTERRUPT 

la '•'] • 0-- SV 
ANALOG 

• INPUT AAIIGE 

h Vi ' 

• Address latches needed for 8085 and SC/MP Interfacing Iha ADCOBOB to ml a croprocesoor 

MICROPROCESSOR INTERFACE TABLE 

PROCESSOR READ WRITE INTERRUPT (COMMENTI 

8080 EMR MEMW INTA (Thru AST Circuit) 

8085 HD WR INTA (Thru AST Circuit) 

Z-BO RD WR INT (Thru RST Circuit, Mode O) 

SC/MP NRDS NWDS SA (Thru Sense A) 

ti800 VMA•cj,2•FI/W VMA•cj,•WW THaA or iRaB (Thru PIA) 

TUH/6672-10 

Ordering Information 

TEMPERATURE RANGE 
40C to + 85°C 

-ss•cto + 12s·c 

Error 
± ½ LSB Unadjusted AOCOBOBCCN ADC0808CCV 

AOC0808CCJ AOCOBOBCJ 

± 1 LSA UnadJustAd ADC0BO9CCN Ac0B09CCV 

Package Outl ine N28A Molded DIP 
V28A Molded Chip Carrier 

J28A Ceramic DIP 
J28A Ceramic DIP 

t,ttp:/Jwww.nationaJ.com 
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physical Dimensions Inches (millimeters) 

uoo 
(15.264) 
MAX QLASJ 

U14-UZI 

,:;~~ /'7][ITIT7i:iJ"EJ'1I11Ii1irTiiITitii:'1"1~ ..... --JQ~'. 
I.IIO 
iusn 
MAX 

un 
iiiiii 

RA 

(IC.Hl-11.lCll 

UIS +t.121 
_.:!:!! 
(llM ,un) 

4,524 

UIM.llle --11-, if.fil=fiiij Ull•t.llllZ 
iwfiiiaij 

Ceramic Dua\-ln-Une Package (J) 
Order Number ADC0B0BCCJ or ADCOB0&CJ 

NS Package Number J2BA 

e.m 
13.11') 
IIIJf 

PII NO. t IDEIIT 

Molded Dual-In-Line Package (N) 
Order Number ADC0808CCN or ADCOB09CCN 

NS Packago Number N28B 

http:/IWWW,nat!onal.com 
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Physical Dimensions inches (millimeters) (Cor " ntinued) 
~ 
~ 5 
~ 5 
z 
6 
~ iG 
6 
J, 
6 
5 
"' ; 
~ 

% 
0 .... 
¢ 
9 .a 
:i3 co 
C. 
E 
0 u 
D, 
~ .. 
ii 
d 
0) 
0 
CD 
0 
O 
C 
~ 
CD 
0 
CD 
0 
O 
C 
< 

o.4S0 +o.oos □ -0.000 
tr.a gJB 

# f I 

8 

II 

0.029:t.0.003 
[o.74+o.mi' ''' 

25 

19 

12 18 
1 0.050 TYP -I ,_ 
j tan) 
1-- o.Joo m I 

[7.62) -\ 

459 y 0,045 
(1.14) 0.011:t.o.oo, l [0.43:t.O. I OJ TYP 

+±F] 
U10:t.0,020 

i-.u..::~(]"I"' 
SEATING PLAHE 

0.020 
[O.SI) t.llH TYP 

0.105:1:0.015 
[2,67:t.0.3&) TYP 

0.165-0.180 TYP-t---..1 
[4.19-4.57] 

0. o.oo, [0.10) 

e .......... ,,.,,PI 
[12.45:1:0.13} -I 

Molded Chip carrier (V) 
Order Number ADC0808CCV or ADC0809CCV 

NS Package Number V28A 

YHA(lrYII) 

LIFE SUPPORT POLICY 
NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT 
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL 

SEMICONDUCTOR CORPORATION. As used herein: 

1. Life support devices or systems are devices or 
~terns which, (a) are Intended tor surgical Implant 
into the body, or (b) support or sustain life, and whose 
failure to perform, when properly used In accordance 
with Instructions for use provided In the labeling. can 
be reasonably expected to result in a significant injury · 
to the user. 

2. A critical component is any component of a life 
support device or system whose fallure to perform can 
be reasonably expected to cause the failure of the life 
support device or system. or to affect ltS safety or 
effectiVeness. 

A.'J lullonll Semiconductor 
[NW cororuon 

1111 West Bardin Road 
.¼tgton, lX 76017 
Tit l(IIW) U:t-WSII 
Faxc 1(800) 737-7018 

http://www.nalional.com 

Natlonll &emJcondudot 
EIJrc,pe Fax: +49 (01 180-530 85 86 

Ernalt euro~•nsc.cotn 
!Jeuw:h Tel: +4W (U) 1HU-&:IU Ho tsS 
Engish Tet +48 (0) 181>-532 78 32 
Ffallqall Toi: +48 (0) 180-532 93 58 
ltaJanO Tel: +49 (O) 180-53416 80 

Nat!onll ~ 
Hang Kong I.Id. 
13th AOOf, S1ralgitl Blocl<. 
jaan Centre, 5 Canton th. 
Tsim,:hatsli. KoWIOOII 
Hon!I KanQ 
Tel: (852) ;l737-1600 
Fe (ss2) 2736-9960 

atlonal Sam&conductor 
Japan Ud. 
Tel: 814'3-2119-2308 
FaJC 81.o-13-2119•2408 

out&s,gs,,tees este chapel#uynd 
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r For a complete data sheet, please also dow~o-ad: . "l 
I • The IC06 74HC/HCT/HCU/HCMOS Logic Family Specifications I 

I • The IC06 74HC/HCT/HCU/HCMOS Logic Package Information I 
• The IC06 74HC/HCT/HCU/HCMOS Logic Package Outlines I 
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74HC/HCT138 
3-to-8 line decoder/demultiplexer; 
inverting 

September 1993 
Product specification 
File under Integrated Circuits, IC06 
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semiconductors 
p11111P5 
'a" s-to·S nne decoder/demultiplexer; inverting 

~ 20RES 
,-ruttiplexing capability 

l
ti le input enable for easy expansion 

, Nul? 
I 
ior memory chip select decoding 

,\deal 
cti
ve LOW mutually exclusive outputs 

, A 
• output capability: standard 

, Ice category: MSI 

Product specification 

74HC/HCT138 

GENERAL DESCRIPTION 
The 74HC/HCT138 are high-speed Si-gate CMOS devices 
and are pin compatible with low power Schottky TTL 
(LSTTL). They are specified In compliance with JEDEC 
standard no. 7 A. 

The 74HCIHCT138 d 
weighted address lecoders accept three binary 
provide e ma """? [% A, A) and when enabled, 
y 7 ). exc uslve active LOW outputs (Yo to 

The "138" featu th (E, and E res ree enable Inputs· two active LOW 
is .c,"2" g gewidis if.j say ouoiss 

1 an 2 are LOW and Es is HIGH. 
This multiple en bl fu . . a e inction allows easy parallel 
~xpa~sIon _of !he "138" to a 1-0f-32 (5 lines to 32 lines) 
eco er With JUSt four "138" ICs and one inverter. 

The "138° . can be used as an eight output demultiplexer by 
using one of the active LOW enable inputs as the data 
Input and the remaining enable inputs as strobes. Unused 
enable Inputs must be permanently tied to their 
appropriate active HIGH or LOW state. 
The "138" is identical to the "238" but has inverting outputs. 

QUICK REFERENCE DATA 
GND = 0 V; T amb = 25 °C; tr = tt = 6 ns 

SYMBOL PARAMETER 
TYPICAL 

CONDITIONS UNIT 
HC HCT 

propagation delay C = 15 pF; Vee =5 V 

teat/ 'PLH A, to Y, 
12 17 ns 

tee/ tpPLH s, to Y, 
14 19 ns 

E, to Y, 
Ct Input capacitance 

3.5 3.5 pF 

Cr power dissipation capacitance per package notes 1 and 2 67 67 pF 

Notes 
1. Cpo Is used to determine the dynamic power dissipation (Po in pW); 

Po= C5 x Vcc? x f+ E (C, x Vcc® x f,) where: 
f= Input frequency in MHz 
f%= output frequency in MHz 
2(C, x Vee? x f,) = sum of outputs 
CL= output load capacitance in pF 
Vee= supply voltage in V 

2· For HC the condition is Vy = GND to Vee . 
For HCT the condition is V,= GND to Vee 4.5 V 

ORDERING INFORMATION 
See 74HC!HCT/HCU/HCMOS Logic Package Information 

3ptember 1993 
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p 
semiconductors 

pt,IIIP5 --- 3-to-8 line decoder/demultiplexer; inverting 

Product specification 

7 4HC/HCT138 

DESCRIPTION PIN 
SYMBOL NAME AND FUNCTION pIN NO, 
Aoto A2 address Inputs -::-;; 

1,2, 3 E. E, enable inputs (active LOW) 4,5 
E, enable input (active HIGH) 6 GND ground {O V) 

8 Yo to Y, outputs (active LOW) 45, 14,13, 12, 11, 10, 9, 7 
Vee positive supply voltage 16 - 

Ao % 0-15 
2 A 4 

, 0-14 
3 A Y­ 0-13 , 0-12 

138 
Y, o-11 

4 E, Ys 0-10 
=4€, y· -9 . s 
6 E, Y, jo- 7 

7ZUZ27 

Fig.1 Pin configuration. 

MLB312 

Fig.2 Logic symbol. 

,. xIYg , 
O} DX 0 2 1 Ao 2 2 al 3 , ..... £NAI LE 7 4 2 At EXITING 

:I 2 IJECOO&II 
g \A2 

e e 

7293229.2 

(a) 
(b) 

Fig.3 IEC logic symbol. 
F. 4 functional diagram. Ig. 

1Z03220 

3 
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►
semiconductors Product specification 

p!11HP5 ~-------------------~=~-- 
------- 3-to-8 line decoder/demultiplexer; inverting 74HC/HCT138 

yNCTION TABLE 
F 

INPUTS OUTPUTS 
~ E, Es Ao Aq A; Yo Y, Y, Y, Y Y; Ye Y} EA 

X X X X H H H H H H H H ~ X 
X X X H H H H H H H H H X 

X L X X X H H H H H H H H X X 
H H L L L L H H H H H H ~ L 

H L L H L H H H H H H L H L H L H H L H H H H H H L L L 
H L H H H L H H H H L H H L 
L H H H H H L H H H L H L 

H H L H H H H H H L H H L 
H L L 

H H H H H L L H H H L L H 
H H H H H H L H H H H H L L 

- 
Notes 
1 H = HIGH voltage level 
L=LOW voltage level 

X = don't care 

Fig.5 Logic diagram. 

September 1993 
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Semiconductors 
philpPS 

----- 3.t0-8 line decoder/demultiplexer; inverting 

Product specification 

7 4HC/HCT138 

CHARACTERISTICS FOR 74HC 

D DC characteristics see "74HC/HCT/HCUIHCMOS Logic Family Specifications". ror the 
utput capability: standard 
" acgory: MS! Ice 

C CHARACTERISTICS FOR 74HC 
A y;t,=ty= 6 ns; C, =50 pF 
GND = 0 - - I t -- Ts (C) TEST CONDITIONS 

74HC 
UNIT WAVEFORMS· PARAMETER Vcc SYMBOL +25 -40 to+85 -40to+125 (V) 

min. typ. max. min, max. min. max. 
41 150 190 225 2.0 Jg 

propagation delay 38 45 ns 4.5 Fig.6 15 30 
ten/ {PLH A, to Y, 12 26 33 38 6.0 

150 190 225 2.0 47 
4.5 Fig.6 

~ 
propagation delay 38 45 ns 17 30 

6.0 tpL/ !PL.H Es to Y, 14 26 33 38 
190 225 2.0 47 150 

45 ns 4.5 Fig.7 propagation delay 17 30 38 
6.0 tp/ {PLH E, to Y, 14 26 33 38 

110 2.0 19 75 95 
4.5 Figs 6 and 7 22 ns output transition 7 15 19 
6.0 19 tr/ TL.H time 6 13 16 

September 1993 
5 



semiconductors 
pt,IIIP5 -,---- 
3-to-8 line decoder/demultiplexer; inverting 

Product specification 

7 4HC/HCT138 

ARACTERISTICS FOR 74HCT 

c cH DC characteristics see "74HC/HCT/HCU/HCMOS Logic Family Specifications". 
por the 
output capability: standard 

category: MSI Ice 

Note to HCT types 

1 of additional quiescent supply current (alee) for a unit load of 1 is given In the family specifications. To 
ne vale', per input, multiply this value by the unit load coefficient shown In the table below. determine 1cc 

Ann UNIT LOAD COEFFICIENT INPUT --- 1.50 ~ 
E 1.25 

Es 
1.00 

AC CHARACTERISTICS FOR 74HCT 
F GND =0 V; t,= ty= 6 ns; C = 50 p 

TEST CONDITIONS lamb (°C) - 
74HCT UNIT Vee WAVEFORMS 

SYMBOL PARAMETER +25 -40 to+85 -40to+125 (V) 

typ. max. min. max. min. max. min. 

44 53 ns 4.5 Fig.6 propagation delay 20 35 tut/ 'PL A, to Y, 
4.5 Fig.6 60 ns propagation delay 18 40 50 

teat/ tpPL E» to Y, 4.5 Flg.7 60 ns propagation delay 19 40 50 
test/ tpPLH E, to Y,% 4.5 Figs6 and 7 

19 22 ns 
output transition 7 15 tr/ tr time 

September 1993 
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semiconductors ~-:::::::==~---------~~~~~ 2l Product specification 

g.to-8 line decoder/demultiplexer; inverting 7 4HC/HCT138 

¢ WAVEFORMS 

Y, our+uT 
(1) HC : VM = 50%; V1 = GND to Vee, 

HCT:VM = 1.3 V: V1 = GNDto 3 V. 'THL 'TUI 

Fig.6 Waveforms showing the address input (A ) and enabl · - · the output transition times. " e input (Es) to output (Y,) propagation delays and 

Y, ouruT VM 111 

" J 

7Zt3223 'THL- 1.- 
(1) HC : VM = 50%; V1 = GND to Vee, 

HCT: VM = 1.3 V; V1 = GND to 3 V. 

Fig.7 Waveforms showing the enable input (En) to output (Y,) propagation delays and the output transition 

times. 

PACKAGE OUTLINES 
See "74HCIHCTIHCUIHCMOS Logic Package Outlines". 

September 1993 
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LM555 
Timer 
General Description 
The LM555 is a highly stable device for generating accurate 
time delays or oscllla!lon_. Additional termrnals are provided 
for triggering or resetting if desired. In the time delay mode of 
operation, the time is precisely controlled by one external 
resistor and capacitor. For astable operation as an oscillator, 
the tree ru~nlng frequency an_d. duty cycle are accurately 
controlled with two external resistors and one capacitor. The 
circuit may be triggered and reset on falling waveforms, and 
the output circuit can source or sink up to 200mA or drive 
TTL circuits. 

Features 
■ D' irect replacement for SE555/NE555 
■ Timing from microseconds through hours 
■ Operates in both astable and monostable modes 
• Adjustable duty cycle 
• Output can source or sink 200 mA 
• Output and supply TTL compatible 
• Temperature stability better than 0.005% per ·c 
• Normally on and normally off output 
■ Available In 8-pin MSOP package 

Applications 
■ Precision timing 
■ Pulse generation 
■ Sequential timing 
■ lime delay generation 
■ Pulse width modulation 
■ Pulse position modulation 
iii Linear ramp generator 

r 
= U1 
(Tl 
(Tl 

=! 
3 
(I) 
~ 

Schematic Diagram 

R3 
5k A8 

1.51< 

RII 
r.n 

• THRESH\D --[ 

cONTAO}'.''l' 
VOLTAGE 

1 
} g[) on( 

RI 
1Ol 

R12 
3.9 

(143 
Yccl 

R5 
S 

4 
AtsET 

DISl:HARGE 
7 

R1 
4.7t 

J0--»4 $2} 

3 
.0-O UTPUT 
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connection Diagram 

Dual-In-Line, Small Outlln 
and Molded Mini Small Outline Packages 

GND 8 
pew thee 

1 - DISCHARGE 

nEsFr = "4 

THRESHOLD 

LE, CONTRo 
VOLTAGE 

Top View 
00785 1 03 

Ordering Information 
Package Part Number Package Marking Media Transport NSC Drawing 

a-Pin SOIC LM555CM LM555CM Rails 
MO8A 

LM555CMX LM555CM 2.5k Units Tape and Reel 

8-Pin MSOP LM555CMM Z55 1k Units Tape and Reel MUAO8A 
LM555CMMX 255 3.5k Units Tape and Reel 

a-Pin MDIP LM555CN LM555CN Rails NOBE 

2 

www.national.com 



,,jute Maximum Ratings wo ) Soldering Information Ab /,Aerospace specified devices are required 
t r.tlllta~ntact the National Semiconductor Sales Offtcei Duat-ln-Une p ka ac ge 
p1,asec: s for avallablllty and specifications. Soldering (10 Seconds) 
yarut" 

IJl)PIY Voltage + 18V 
Small Outline Packages 

260'C 

5 Dissipation (Nole 3) 
(SOIC and MSOP) 

pow@! 1180 mW Vapor Phase (60 Seconds) 
yss6CM, LM555GN 

215'C 

yussscMM 
613mW 

Infrared (15 Seconds) 
See AN-450 "Surf Mc 220'C 

oPeratlng Temperature Ranges o·c to +70'C 
on Product Reliab~;, f ounting Methods and Their Effect 

us550 
I or other method f Id . surface mount d . s o so ermg 

ge Temperature Range -65"C to +150'C 
evices, 

Stora 

e1ectrical Characteristics (N~tes 1, 2) 
(1'.4 == 2s·c, Vee= +5V to +15V, unless othewise specified) 

..-- parameter Conditions Limits Units 
LMSSSC 

Min Typ Max 

' Spy Voltage 4.5 16 V 
[w supply Current Vco 5V, R, = ®· 

Vee = 15V, R,_= cs 
3 6 

(Low State) (Note 4) 
10 15 mA 

'liming Error, Monostable 
lnltial Accuracy 

1 % 

Drift with Temperature RA = 1 k to 100k2, 50 ppm/"C 

C = 0.1F, (Note 5) 

Accuracy over Temperature 
1.5 % 

Drift with Supply 
0.1 %N 

Timing Error, Astable 
lnttial Accuracy 

2.25 % 

Drift with Temperature R,, R% = 1k to 100k2, 150 ppm/'C 

C = 0.1µF, (Note 5) 

Accuracy over Temperature 
3.0 % 

Drift with Supply 
0.30 %N 

Threshold Voltage 
0.667 xVcc 

Trigger Voltage Vee = 15V 
5 V 

Va, = 5V 
1.67 V 

Trigger Current 
0.5 0.9 µA 

,_ Reset Voltage 
0.4 0.5 1 V 

,Reset Current 
0.1 0.4 mA 

_ Threshold Current (Note 6) 
0.1 0.25 µA 

Control Voltage Level 
9 10 11 V 

Voe = 15V 2.6 3.33 4 

l »a» Vco 5V 

_Pa 7 Leakage Output High 
1 100 nA 

Pin 7 Sat (Note 7) 180 
mV 

Output Low V-, = 15V, 1, = 15m1A 200 mV 

_Output Low V>» = 4.5V, 1, = 4.5mA 
80 

www.nationaJ.com 
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~ Electrical Characteristics (Notes 1 2) (c . '" s·c V - 5V t 15V 1 ' onhnued) ! (TA ::: 2 , cc - + 0 + , unless othewise specified) 
- Parameter Conditions 

Units 

- output Voltage Drop (Low) Vcc = 15V 
Jsi = 10mA 
Jsix = 50mA 
lsn = 100mA 
Jsn = 200mA 
Vee = 5V 
lsiy == 8mA 
\sir = 5mA 

Limits 
LM555C 

Min Typ Max 

0.1 0.25 
0.4 0.75 
2 2.5 
2.5 

output Voltage Drop (High) isouRce = 200mA, V cc = 15V 
lsouRee = 100mA, V cc = 15V 
Vco = 5V 

V 
V 
V 
V 

V 
V 
V 

V 
V 

Rise Time of Output 
Fall Time of Output 

0.25 0.35 
12.5 

12.75 13.3 
2.75 3.3 

100 
100 

ns 
ns 

Note 1: All voltages are measured with respect to the ground pin, unless otherwise specified. 
Note 2: Absolute Maximum Ratings Indicate limits beyond which damage to the device may occur. Operating Ratings Indicate conditions for which the device Is 
functional, but do not guarantee specific performance limits. Electrical Characteristics state DC and AC electrical specifications under particular test conditions which 
guarantee specific performance limits. This assumes that the device Is within the Operating Ratings. Specifications are not guaranteed for parameters where no limit 
ls given, however, the typical value ls a good indication of device performance. 
Note 3: For operating at elevated temperatures the device must be derated above 25'C based on a +150'C maximum junction temperature and a thermal 
resistance of 106"C/W (DIP), 170"C/W (S0-8), and 204'C/W (MSOP) junction to ambient. 
Note 4: Supply current when output high typically 1 mA less at Vee = 5V. 

Note 5: Tested at Vco = 5V and Vee= 15V. 
Mota 6: This will determine the maximum valus of R, + Rg for 15V cparation. The maximum total (R, + Rs) is 20M2. 
Note 7: No protection against excessive pin 7 current Is necessary providing the package dissipation rating will not be exceeded. 

Note 8: Refer to RETS555X drawing of mllltary LM555H and LM555J versions for specifications. 

4 
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·cal performance Characteristics 
(yP! uinimuim Pulse Width 

Required for Triggering 

1.2 
1,1 

s 1.0 

s D.9 
5 DJ 
~ G.1 
~ ••• :::, o.s .. 
3 0.4 

3 0.3 
i 0.2 

0.1 

I I I I 
\Vee ®15V 

11 I I 'd 
r-+1zsc -7 
I I J - 
I I J J 

r=+25C--ss I 
I I 

I 
~ I I T+-55C 

11'1 J I I I I 
L.. 

- 
0 

LOWEST VOLTAGE LEVEL OF TRIGGER PULSE IX Vccl 
0.1 0.2 0.3 0.4 

00785104 · 

High output Voltage vs. 
output Source Current 

2 
1.8 

1.6 

~ 1.4 

5 1.2 
0 t > 
I 
% a.a 
> 0.6 

0.4 
0.2 

I I I I r -r,. •-ss·c ~ 
T,. • +25°C 

__ ... - oooA 

- / 
T,. • +125°C - .,.. Lr ~ - 

5v <Ve <16v­ T r 
0 

I 10 
lsouneg (mA) 

100 

12 

10 

3 ... • "Z ... a: a: 6 ::, ... 
> ... 4 t ::, 
"' z 

.... 
-55C ~ ~ _A, .,,, 

~ 
,, ~ .... .,,,,,, P "·25°C 

~ ~ 
,,,. 

.,,,_ +125° C 

~ :::- 

0 
5 

10 

1.0 

0.1 

Supply Current vs. 
Supply Voltage 

10 
SUPPLY VOLTAGE (VI 

Low Output Voltage vs. 
Output Sink Current 

15 

0U /81 19 

0.01 tz:..J..._!.,J..J,.:UJ.IU...._.....J...J..,1,. ........ 

1.0 10 
ls (mA) 

100 

00785121 

0a785120 

Low Output Voltage vs. 
Output Sink Current 

Low output Voltage vs. 
output Sink Current 

to 
10 

1.0 

0.1 

Vee a 10V 

I l 111 

l I 11 
art3gR .. 

: I ll ;.....,. 11 
+2S"C A -ssw 

» 
~ 

_.... 
0.01 

1.0 

0.1 

0.01 
1.0 

1.0 10 
ls (mA) 

100 

10 

lee (mA) 
0078512J 

()0785122 

r­ 
= Ul 
J 
Ul 
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,.yp·1cal Performance Characteristics (Continued) 

output Propagation Delay vs. 
Voltage Level of Trigger Pulse 

1200 

,... 1000 s s .900. 
"' c:> 
~ 600 
~ 
~ 400· .. 
co 
£ 200 

I I l I ! T =+25C , 
I - 

I 
,, 

i,) j 
loom l \ Yee• &.ov 

4 a 
,, II' 
/y 

.--11 , J0 8 Vee =10V, 15V 

0. a 0.1 0.2 o.J 
LOWEST VOLTAGE LEVEL OF TRIGGER PULSE IX Yecl 

00785124 

Discharge Transistor (Pin 7) 
Voltage vs. Sink Current 

1000 

Output Propagation Delay vs. 
Voltage Level of Trigger Pulse 

12D0 

] 1000 
% 
Cl; .8!JJJ .. 
LL 
c:i 
z 600 Cl 
j:: 
<t 
co 400 Cl; a.. 
Cl 
a: a.. 200 

I I [ I I I I • Vee "15V ·as ¢, 't 

11 'V ,, +T0'C -s I I I ,i J 

I I /, V ' +zs·c ~ 

\W, IJ I/ I 
Lle ., ; ~~ '-O''C 

I I 
-ss·c 
I I I 0. 

0 0.1 0.2 0.3 
LOWEST VOLTAGE LEVEL Of TRIGGER PULSE (X Vee) 

00785125 

Discharge Transistor (Pin 7) 
Voltage vs. Sink Current 

1000 

.. 100 ... 100 z 
a! ii: a = s .5 .. 
3 5 10 
:> 10 

1.0 
10 100 1.D 0.01 0.1 1.0 

0.01 0.1 1.0 10 100 
ls1NK (mA) PIN 7 

lsiNK (mAI PIN 7 00785127 

00785126 
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. ations Information o eLE OPERATION 
l!O~osfA of operation, the timer functions as a one-shot 

111
1111s 111od; external capacitor Is Initially held discharged 

(~re 1), elnside the timer. Upon application of a nega­ 
bYa 1rsnsisto~se of less than 1/3 V cc to pin 2, the flip-flop is 
ti'l'8 tii99er ~~h releases the short circuit across the capacitor 
a?"",, output high. 
and dnves 

HESET 
Vee 

I R, 
I 4 8 

f ""'" DISCHARGE 

pAY , 
-jjr 10A0 

THRESHOLD 
LM555 

I CONTROL 
I ouTPUT VOLTAGE 

3 C 

IOflllALLY R, 
-gjP L0A 

- 

+SVTO +15V 

00765 105 

J hhh-shh»J 
10µ.s100µ.s1 ms10ms100ms 1s 10s 100s 

tg= TIME DELAY 

00785107 

FIGURE 1. Monostable 

The voltage across the capacitor then increases exponen­ 
tally for a period oft= 1.1 R, C, at the end of which time the 
voltage equals 2/3 Vee· The comparato~ then resets the 
flip-flop which in tum discharges tile capacitor and drives the 
output to its low state. Figure 2 shows the waveforms gen­ 
eraled in this mode of operation. Since the charge and the 
threshold level of the comparator are both directly propor­ 
tional to supply voltage, the timing interval is independent of 
supply. 

I I ' 

I I I J 
I I I 

Vow = 5V 

llMEa 0.1 ms/DIV. 
B;= g.1k! 

C= .0fF 

00785106 

Top Trace: Input 5V/Dlv. 
Middle Trace: Output 5V/Div. 

Bottom Trace: Capacitor Voltage 2V/Dfv. 

during this time by the a . 
reset terminal (pin 4) rtphcation of a negative pulse to the 
state until a trigger p~ls el output will than remain in the low 
When the 3e 4s again applied. · · 
I reset function Is n t I t be connected to V t o n use, it Is recommended that 
triggering. cc O avoid any possibility of false 

Figure 3 is a nomo ra aicos fr vs k,""," v ·stomata at B, c 
NOTE: In monostable 
high before tho en» ,"[P®@tion, the trigger should be driver 

Immg cycle. 

~ 
$ § 0.1 t--.ft--A--A--A 
I 
u 0.01 r:tt--tl--/'ihi4--1--+--l 

FIGURE 2. Monostable Waveforms 

Ourt~g ~ie timing cycle when the output Is high, the further 
:i:cati?n of a trigger pulse will not effect the circuit so long 
end 8 tngger input is returned high at least 10s before the 

of tho timing interval. However the circuit can be reset 

FIGURE 3. Time Delay 

ASTABLE OPERATION 
If the circuit Is connected as shown in Figure 4 (pins 2 and 6 
connected) it will trigger itself and tree run as a muttivibrator. 
The external capacitor charges through RA + R, and dis­ 
charges through R%. Thus the duty cycle may be precisely 
set by the ratio of these two resistors. 

I 
I 
I 
I 

$ a 
2 

I 
I LM555 

I 
I C 

3 

3 
0785108 

FIGURE 4. Astable 
. h cap~citor charges and dis· 

In this mode of operation, t ~ 2/3 V As in the triggered 
charges between1/3Vg ® ,,,s, and therefore the h e and disc arge ' . 
mode, the c ~rg d nt of the supply voltage. 
frequency are indepenue 

www.national.con) 
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Applications Information (Continued) 

figure 5 shows the waveforms generated in this mode of 

operation. 

I I I I 

/' a r\ /A 
/ \. J' ' Y , ... 

V-r = 5V 
TIME :: 2oµs/DIV. 
R, = 3.9k£2 

As= 31<11 
C= o.o1µF 

00765109 

Top Trace: Output SV/Div. 
Bottom Trace: Capacitor Voltage 1 V/Div. 

FIGURE 5. Astable Waveforms 

The charge time (output high) is given by: 
t, = 0.693 (H, + R,) C 

And the discharge time (output low) by: 
t, = 0.693 (R,) C 

Thus the total period is: 
T=t,+t,=0.693 (R, +2R%) C 

Toe frequency cf oscillation is: 

1 1.44 
f=7° (R,+ 2Re) © 

Figure 6 may be used for quick delerminalion of these RC 
values. 
The duty cycle is: 

FREQUENCY DIVIDER 
The monostable circuit of 
quency divider by ad'~st· Figura 1 can ba used as a fra- 
Ffgure 7 shows thew J /"g the length of the timing cycle. 
circuit. ave arms generated In a divide by three 

I I I ii II J I J J u 

, 
So» - 
\ 

Vee= 5V 
TIME = 20µs/DIV. 
R, = 9.1kn2 
C=0.01F 

PULSE WIDTH MODULATOR 
When the timer is connected in the monostable mode and 
triggered with a continuous pulse train, the output pulse 
width can be modulated by a signal applied to pin 5. Figure 
8 shows the circuit, and in Figure 9 are some waveform 
examples. 

TRIGGER 

OUTPUT 

D= Re 
H, + 2Hg 

100 

10 
..: ~ 
LJ ... z < e 3 

I 
u 0.01 

0.001 
8.1 1 10 100 1k 10k 110k 
( FREE-RUNNING FREQUENY (Hr) 

00785110 

0U7 85111 

Top Trace: Input 4V/Oiv. 
Middle Trace: Output 2V/Oiv. 
Bottom Trace: Capacitor 2V/Oiv. 

FIGURE 7. Frequency Divider 

_______ ... -O+Vtf'. 

LM555 

DISCHARGE 

THRESHOLD 

M00ULATI0ll 
INPUT 

007851 12 

FIGURE s. Pulse Width Modulator 

FIGURE 6. Free Running Frequency 

8 
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. ations Information (Continued) w 
-- ./ ..... 
f , ... - ~ 
- 
...... 

- ~ 

- 
- 
- 00785113 

Top Trace: Modulation 1V/Dlv • 
»..2¥ •cti -•"'IV, Bottom Trace: Output Voltage 2V/Olv. 
uE= 02TT 
A,-41? 
,-,a0w 

FIGURE 9. Pulse Width Modulator 

pULSE posmoN MODULATOR 
, application uses the timer connected for astable opera­ 
tiOO, as In Figure 10, with _a modulating signal again ~pplied 

10 
the control voltage terminal. The pulse position vanes with 

the modulating signal, since the threshold voltage and hence 
the time delay is varied. Figure 11 shows the waveforms 
generated for a triangle wave modulation signal. 

OUTPUT 

LM555 6lw(l 

MODULATION 
5 C 

00785114 

FIGURE 10. Pulse Position Modulator 

Vee= 6V 
TIME= 0.1 ms/DIV. 
R; = 3.9k2 
Re =3kn 
C = 0.01F 

LINEAR RAMP 
When the pullup resistor, RA, In the monostable circuit is 
replaced by a constant current source, a linear ramp is 
generated. Figure 12 shows a circuit coniiguratlon that will 
perform this function. 

TRIGGER 

OUTPUT 

Top Tr a:Mc cc7est:s race. odulatlon Input 1V/Div. 
Bottom Trace: Output 2V/Div. 

FIGURE 11. Pulse Position Modulator 

LMS55 

RI 

R2 

QC7t51'\t 

FIGURE 12. 

Figure 13 shows waveforms generated by the linear ramp. 

The time interval is given by: 
2/3Vcc;Re(A1 + Ri)C 

T == i/ vo - Ve±(R; + Ra) 
Vee ei o.6V 

Vs, =0.6V 

~ 
(11 
UI 
JT 

www.nationat.com 
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Applications Information (Continued) 

: 

- '- 

I 

/ 
Y V 

X / 
a 

00785117 

Vee== sV Top Trace: Input 3V/Div. 
TIME:: 2oµs/DlV. Middle Trace: Output SV/Dlv. 
p, ±47k2 Bottom Trace: Capacitor Voltage 1 V/Dlv. 

R, = 100k2 
, = 2.7 k2 
C = 0.01 F 

FIGURE 13. Linear Ramp 

+Vee 

R, 

4 nR, 
51 

2 
22 

LM555 B 

OIITTUT 3 5 C 
0.0tF 

50% DUTY CYCLE OSCILLATOR 
For a 50% duty cycle, the resistors RA and Ra may be 
connected as in Figure 14. The time period for the output 
high is the same as previous, t1 = 0.693 RAC. For the output 
low it is t, = 

L, r] (ge-a] [(A Rs/(RA + Rs)] G {0 [gi, -Ril 

Thus the frequency of oscillation is 

007 e5 1 18 

FIGURE 14. 50% Duty Cycle Osclllator 

Note that this circuit will not oscillate if R2 is greater than 1/2 
RA because the junction of RA and Ra cannot bring pin 2 
down to 1 /3 V cc and trigger the lower comparator. 

ADDITIONAL INFORMATION 
Adequate power supply bypassing is necessary to protect 
associated circuitry. Minimum recommended Is 0.1 µF in par- 
allel with 1 µF electrolytic. 
Lower comparator storage time can be as long as 10s 
when pin 2 is driven fully to ground for triggering. This limits 
the monostable pulse width to 1 Ops minimum. 
Delay time reset to output is 0.47µs typical. Minimum reset 
pulse width must be 0.3s, typical. 
Pin 7 current switches within 30ns of the output (pin 3) 
voltage. 

10 
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P
hysical Dimensions inches (millimeters) unle -::--------------- ,. ss otherwise noted 

11~:~~=~-: I 
o.o,o-Olr'.dl 1145• r . 
(Q.U'-0,soeJ 0 Ax TYP 

All LEADS 

~ -,~a.004-==F~~.1. 
.01-0.010 (0.102) 
(U03-U54l 1\1.LWD'IIPS 
lYP AU l,£AIJS 

G.053--0.049 
(1.344-=- 1,753) 

ie a I 11).'W>) ~-~ (UM) 
TIP D.DOltyp 

(0.Z\13) 

Small Outline Package (M) 
NS Package Number MOSA 

D.OOl-0.010 
~ 

1./11'1D PATTffll 1tfC0114MENDA110H 

r--"i--------- 
.0'3 MAX I OJ• I 
"jE @8 

)cj.m (O.lljAj - - - - --1 
,002-.006 J Bl ,Ol2'.;nl __\ \_ 
iisf;js to.sg#] (I.viz o.os jg pslc©) 

R.005 TYP 
(0. 131 
H.uu, Ht' 
jo.13) 

LAGE PLANE 

r[i"fQ 

-- ------------------- -- ---~ 
,._,1--1--.021!,00S "'-. sEATIHG PLANE o'•&"lTP 

10.5J!O.l21 
TrP 

p.315 fmL=he < 
jo.451 

s-Lead (0.118" Wide) Molded Mini small outline Package 
NS Package Number MUA08A 

MUAOBA(Rev El 

~ 
U1 
U1 
CJ1 

www.national.com 
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physical Dimensions Inches (milllmeters) uni ess oth . erwise noted (Continued) 

· - 0.16) 

·l» 

0.092 
(2,33'1) DIA 

PIN NO. 1 IDENT 

g.009-- .g15 
[6.zzs --0.381) 

a,as +9.040 
·" -0.015 

is ±;") 
0.1145±0.015 

0.032±0.005~· 8 7 
(0.813 ± 0.127) 

RAD 
PIN NO. 1 IOENT ------,... 

1 

0.145-0.200 OPTION 2 

p/,±ts +a, "7 0.130 ± 0.005 
(3,302±0.127) 

(1.143±0.381) 

~ 0.030 
=155; X 

0.125 
(3,175) 
OIA 
NOM 

0.125--0.140 
(3.175--3.556) 

90°±4° 
lYP 

0.018±0.U03 
(0.457 ±o.076) r : 

\, aw 
iuf4i 0.050 

.am 
Molded Dual-In-Line Package (N) 

NS Package Number NOBE 

0.020 
io]oij 
MIii 

NOBE (REV F) 

National does not assume any respc ·ibilitv f f · · · · · · 
the right at any+j\ K,,, /responsibility for use of any circuitry described, no circuit patent licenses are implied and National I95.° 

any time without notice to change said circuitry and specifications. 

For the most current product information visit us at www.national.com. 

LIFE SUPPORT POLICY (ATQNAs ProucTs ARE Nor AurHoz= ro us= As crcAL cuPON=NTs y FE sPP OT DEICES,}5"}f"? 
CORPO THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT ANO GENERAL COUNSEL OF NATIONAL SEMICONOUCTOF 

RATION. As used herein: 

1 .Life support devices or systems are devices or systems 
;h)tch, (a) are intended tor surgical implant into the body, or 
• support or sustain life, and whose failure to perform when 

p,op~rly used tn accordanca wit.', instructions for usG 
provided in the labeling, can be reasonably expected to result 
in a significant injury to the user. 

2. A critical component !s any component of a life support 
device or system whose failure to perform can be reasonably 
expected to cause the failure of the life support device or 
system, er to attect its sale\'/ or attectivanass. 

BANNED SUBSTANCE COMPLIANCE National Semiconductor follows the provisions of the Product Stewardship Guide for Customers (CSP-9-1112) and Banned o"7 
and Materials' of interest Sc&at+' [cksp.oj{{soy fer rejitatory environmental compliance. D6tails Ty P© ° 

ials of {ntsrest Specification (Ci'83k6 OF I6 iid+'? 

www.natlonal.com/quality/green. 
Lead free products are AoHS compliant. 

tfl National Semiconductor 
Americas Customer 
Support Center 
Email: new.feedback@nsc.com 
Tel: 1-800-272-9959 

National semiconductor 
Asia pacific customer 
Support Cenle! 
email: ap.suwort@nsc.com 

Nallonal semiconductor 
japan Customer Support GO 
Fac 81-3-5635-7507 
email: 1pn.leedback@nsc.com 
Tat 81-3-5639-7560 

www.nallonal.com 

National semiconductor 
Europe customer supPOrl center 

Falt: ...49 (O) 1so-530 S5 66 
email: europe,support@nsc.com 

Deutsch Tel: +49 (0) 69 9508 62D
8 

English Tel: +44 (O) 1170 24 o 2171 
Fancats Tet: +33 (o) 1 41 91 87#V 



EA-cHILr EEco»crow 
August 1988 
Revised March 2000 

pM74LS245 
g.STATE Octal Bus Transceiver 
General Description 

co 
= 
~ r 
f/J g 
UI 
0 
b 
~ ~ m 
0 

£ 
u, 
C 
IA 

~ :s 
tJI p 
CD z 
CD 
"' 1------------------------------' 

These octal bus transceivers are designed for asynchro­ 
nous 'fNO-WaY communication between data buses. The 
control function Implementation minimizes external timing 
requirements, 
The device allows data transmission from the A Bus to the 
B Bus or from the B Bus to the A Bus depending upon the 
logic level at the direction control (DIR) input. The enable 
input (G) can be used to disable the device so that the 
buses are effectively Isolated. 

Features 
■ BI-Dkalrectlonal bus transceiver In a high-density ""-"ln pac ge .. .,,,, 

• 3-STATE outputG drive bus lines directly 
■ PNP Inputs reduce DC loading on bus lines 
■ Hysteresis at bus Inputs Improve noise margins 
■ 'Typical propagation delay times, port-to-port a ns 
■ Typical enable/disable times 17 ns 
■ loL (sink current) 

24mA 
■ loH (source current) 

-15mA 

Ordering Code: 
Order Number 

Package Number Pack:lgo Doscrtptlon 

DM74Ls245WM 
M20B 20-Lead small Outline Integrated Circuit (SOIC), JEOEC MS-013, 0.300 Wide 

DM74LS245SJ 
i20D [20-Lead Small Outline Package (SOP), EIAJ TYPE II, 6.3mm Wide 

DM74LS245N 
jN20A [20-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide 

Devices also avaUable In Tape and Reel. Specify by appending the eufflx letter"X" to the ordering code. 

Connection Diagram Function Table 

. 87 118 

Enable Direction Operation 

G Control 
DIR 

L L B Data to A Bus 

L H A Data to B Bus 

H X Isolation 

H ~ HIGH u,vel 
La LOW Level 
y a [relevant 

pin At A2 As A4 A5 As AT 

www.falrchild semi.coTT 

© 2000 Falrchlld semiconductor eorporation 0s0064
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Absolute Maximum Ratings(Note 1> 
supply Voltage 7V 

Input Voltage 
Nole 11 The "Ahsokrte Maximum • 

piR or G 

th• n(ety ol the <Mffl cannot "ggr valun beyond which 
7V 

operaled at lheao limlls. Th gu nteed. The device should not bo 

A or B 6.6V 
CharaclllrlsUca tables aro not paramelr1c values daftned In the Electrical 
Toa "Recommended O ..u guaran~ed 111 the absol ula madimnur ratings. 

aperatlng Free Air Temperature Range O"Cto+1o·c 
for actual device opam\:.. ng Coodillonl' lable wll1 dellna the condition, 

storage Temperature Range -ss•c to +150C 

Recommended Operating Conditions 
syrnbo\ Parameter Min Nom 

supply Voltage 

Max Units 

Vee 
4.76 5 5.25 

HIGH Level Input Voltage 

V 

Ve 
2 V 

V LOW Level Input Voltage 
0.8 V 

lo HIGH Level Output Current 
-15 mA 

lo LOW Level Output Current 
24 mA 

T 
Free Air Operating Temperature 0 70 •c 

Electrical Characteristics 
over recommended operating freg air tem~ ture ranae I unless olheiwlse notedl 

Symbol Parameter 
Condltlo1111 Min 

'tyil Max Units 
(Nole2) 

V Input Clamp Voltage Ve = Min, hj = -18 mA 
-1.5 V 

HYS Hysteresis (Vr, = Vr.) Vcc .. Mln 
0.2 0.4 V 

VoH HIGHLevel 
V6e = Min, Vy = Min 2.7 

output Vottaga 
V,_ = Max, loH = -1 rnA 
Vcc=Mln, Vu.=Mln 2.4 3.4 V 

V,, = Max, loy =-3 mA 
V-» = Mir, Vy = Min 2 

Vn. .. o.sv, lot!= Max 

Vo. LOW Level 
Vcc=Mln lo = 12 mA 

0.4 
V 

Output Voltage V, == Max la = Max 
o.s 

Vjg == MIn 

lozH 
OIi-State Output Current, V%e = Max V% =2.7V 

20 A 

HIGH Level Voltage Applied V,,_ = Max 

loz. Off-State Output Current. Vy = MIr V% =0.4V 

200 µA 

LOW Level Votta;e App\led 
0.1 

h 
Input current at Maximum V» = Max AorB V=5.5V 

mA 
0.1 

Input Voltage 
01RorG V, = TV 20 µA 

l HIGH Level Input current 
V%a =Max, Vjs 2.7V 

--0.2 mA 

In. LOW LeVel Input current 
V-» =Mix, Vj = 0.4V 

-225 mA 
-40 

los Short Circuit Output current 
Va:.., MIIX (.Nole 3) 48 70 

Ice Supply current 
outputs HIGH 

62 90 mA 

Outputs Leffe 
Vee = Max 64 95 

oulpUl5 al HI-Z 

Nola 2: All typtcals are a\ Vrx; • 6V, TA., 25•c. d duration 
Note 3: Not more than one oulpUt should be shorted at a time, not to exceed one secon . 

2 
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switching Characteristics 
v-, =5y Tye 25"C 

- 

symbol 
Parameter 

1/>1.H 
Propagation Delay Tlme, 

Candltlona 

LOW-to-HIGH Level Output 

CL =45 pF 
Min Mn Unit& 

lptil. 
propagation Deley llme, - R; = 6670 
HIGH-to-LOW Level Output 

'-- 
12 ns 

lpZL 
output Enable Tlme 

- 
to LOW Level 

12 ns 

lpzH 
output Enable Time 

- 
40 

to HIGH Level 

ns 

lf'l,Z 
output Disable Time 

40 

from LOW Lave! 

C, =5 pF 

na 

lpt!Z 
Oulpl.11 Disable Tlme 

R = 6670 

- 
- 

25 

from HIGH Level 

ns 

'PL,H 
propegeUon Delay Time, 

- 
25 ns 

LOW-to-HIGH Level Output 

C, = 150 pF 

li>HL 
Propagation Delay Time, 

R, = 6670 
16 ns 

HIGH-to-LOW Lave! Output 

lf'2L 
output Enable Time 

17 ns 

to LOW Level 

lpzH 
Output Enebl11 Time 

45 no 

to HIGH Level 

45 ns 

L__ 

yrw.falrchild semi.com 
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~ Physical Dimensions Inches (mllllmeters) uni 1h . N 1esso eiw1se noted 

~ .., 
; 
o 

WDII0.1 
lllOll 

i---- IIAll-o.m 112.1•-11.11111' , 

(T.1et--7.585} 

1.010-1.0tl xu• 
(5.z -a.7s1) 

0.111-1.na 

~ --~===::;=~- ~r 
1.1111-1.11, \ 1 11.016-1 .... 
IQ.?21-U31) \0.4011-Ulll) 
m LLLEAS TPALL wos 

20-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-013, 0.300 Wide 
Package Number M20B 

4 
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physical Dimensions Inches (millimeters) unless othe rwlse noted (Continued) 

--- 12.8'c0.10 --- 
o.40'\'YP 0 

AU. LEAD TIPS 
2.1 IMlt ~ 1 o.HC I 

r're [@livzo]] 
DIMENSIONS ARE IN t.tLUMETEf!S 

NOTES: 
A. CONFORM910 EIAJ EOR-7320 REGISTRATION, 

ESTAet.iSHEO IN pecEMBER, 19908. 
B, DIMENSIONS ARE IN MILLIMETERS. 
C. DIMENSIONS ARE EXCLUSIVE OF BtJRRS. MOLD 

FIASH, AND TIE BAR E)(TflJSIONS 

M20DRev81 

DD1DD '< 1 \ J9.27TYP 

=ht I I \ _J 
1.271YP..J l- _j L 0.6TYP 

LAND PATTERN RECOMMENDATION 

cr.s•'TYP 
~~~~ 

Q,80±0,15-L 
1.25 

20-Lead Small Outline Package (SOP), EIAJ TYPE , 5.3mm Wide 
Package Number M20D 

GAGE P\J,IIE 

www.fairchlldseml.com 
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[ans»a._ ,... c es (mllllmeters) unle 8] ssotherwtsenotu 
~IV l oted (Continued) 
.,. 1.1112 XD.Dlt 1.013-1.0CQ 

(1.)31 X o.ml (2&.7l-28AZI 

(:. MAX DP 

± 
dl 
iG 
1, 
0 
UI 
~ 

~ cw, 
an 
~ 

~ 

s 

Q.210 
(J.1111 
MIN 

.300-0.320 
11.1111-1.1211 

I. 

a+ 
0.125 _9,g16 

fu55 +1.01e ~ -ll.311 

Plfl.ND.1 IDENT-. 

0.065 0.040 
iiisi) (tap "(fl,sS-rs _l #nan 

I.IIOI-0.01rj 0.145-UOG 

.,,,_,,.., - TYP .. ~•tOJM" l I 
0.060t0.llll! ~\_ 0.020 (1.524:tD.121) t.125-0.140 11.5111 (QA57z0.01t) ~ MIN 

0'11011% 

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

Fairchild does not .. Fairchild reserv u,""'!""' ,ny ,._,"""1Y W ,,. af """ cl.....,. """'""' '° ..... - """"'' ''" ""''"" "" es e nght at any time without notice to change said circuitrY and specificaUons. 

LIFE SUPPORT POLICY 
~CHILD'S p~CTS ARE NOT AUfHORIZEO FOR use AS CRITICAL C()Ml'ONENfS IN LIFE Sl)pPORl 
SEM;'i:'i,"N OR 5/SUSMS WITHOUT THE E)(PRESS v,arrrEN ,.,,.,,.,AL OF THE PRESIDENT OF FAIRcHILD 

1 

LI OUCTOR CORPORATION. As used herein: . Lute support devices or systems are deices or systems 2. A critical component in any coronet'©"f,,' 
"'• (a) me ,....,d,d .. '"""'"' ""''"" ""'.,. ...,,.,,,.,.,.m""""""""~-""'°,.. 

:,:"• " (b) '"""'"or,..,;, Hie, •"" (o) who'8 "'''" .,,.,~ _,.,am """""' ""''" dft>• "'9 .,,,,.. 
p,donn whon property ,_, In """"' ""' wllh - "'.,,.,m "'~ """' ,_ - "_,_,.., 

"'""""""' .. ""' """'"'"" ... -·· "'" "" . ' :::"'-""" 1o ..... m • .,.,-·,,1,,y 1o -'"""'""""''""' 
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~~ tred trorn Hanis Semiconductor as 
"e ).Revised June 2004 
! 

.grcpt 
High-Speed CMOS Logic H I ex nverter 

peat0reS 
• suffered Inputs 

teal propagation Delay: &ns at Vee= sv, 

""is =7so 
F O

ut (O'ler Temperature Range) 
, an • standard outputs• • • • • • • • • • • • • • , 1 O LSTTL Loads 
• eus orl'ler outputs • • • • • • • • • .. , . 15 LSTTL Loads 
,as Operating Temperature Range ... -55°¢ to 125C 
, Balanced Propagation Delay and Transition Times 

, Significant Power Reduction Compared to LSTTL 
Logic ICs 

, HC Types 
• 2-V to 6-V Operation 
• High Noise Immunity: N1L = 30%, N1H = 30% of Vee 

at Ve = 5V 

• HCTTypes 
• 4,5-V to 5.5-V Operation 
• Direct LSTTL Input Logic Compatibillty, 
Vg= 0.8V (Max), Vy = 2V (Min) 

• CMOS Input Compatibility, 11 ~ 1µA at VoL, VoH 

Description 
The CD54HC04 cp7+croe i% ,,"?#Hcr4, c«co and 
technology to achieve g es utilize silicon-gate CMOS 
gates, with the low powoperatlng speeds similar to LSTTL 
Integrated circuits All der ,consumption of standard CMOS 
LSTIL loads. Th~ 74H~ ces ~ave l!'e ability to drive 10 comae w is etas2Y yeasty ts p# ogic imily. 

Ordering Information 

PART NUMBER 
TEMP.RANGE 

(°C) PACKAGE 

CD54HC04F3A -55to 125 14LdCERDIP 

CD54HCT04F3A -55 to 125 14LdCERDIP 

CD74HC04E -55 to 125 14LdPDIP 

CD74HC04M -55 to 125 14LdS0IC 

CD74HC04MT -55 to 125 14LdS0IC 

CD74HC04M96 -55 to 125 14LdS0IC 

CD74HCT04E -55 to 125 14LdPDIP 

CD74HCT04M -55 to 125 14LdS0IC 

C074HCT04MT -55to 125 14LdS0IC 

CD74HCT04M96 -55to 125 14 Ld SOIC 

CD74HCT04PWR 
-55 to 125 14 Ld TSSOP 

NOTE: When ordering, use the entire part number. The suffixes 
96 and R denote tape and reel. The suffiX T denotes a 
small-quantity reel of 250. 

Pinout 
cD54HCM, co54HCTM (CERDIP} 

CD74HCM (PDIP, SOIC) 
cDT4HcTo4 (PDi, soic, TssoP) 

TOPVIEW 

CltJTION· To IC Handling Procedure. 
~Qht ·© ese d6Ylces are sensitive to electrostatic discharge. Usef9 should follow propOf 

2004, Texas Instruments Incorporated 1 



------·· CD54HC04, CD74HC04, CD54HCT04, CD74HCT04 

. 4f Diagram rcto® 
1 14 1A Vee 

2 13 
TY 6A 

3 12 
2A BY 

4 11 
2Y 5A 

5 10 
SY 3A 

6 9 
3Y 4A 

7 8 
4Y GND 

TRUTH TABLE 
: 

INPUTS 
nY ~ 

nA 
H - 

L 
L ~ 

H 
- = Low Voltage Level H = High Voltage Level, L 

Logic Symbol 

r s, F>» " s \7 V 

2 



CDS4HCO4, CD74HCO4, CD54HCT ' 04, CD74HCT04 

e Maximum Ratings 
bs9 ly Voltage, Vee • • • • • · · .. • • • • • • • • • • • · · •• -0.5V to 7V 
c""ycats current, l pG,"5,sv or V,> V6, +0.5V......................±420mA 
;a orate carrent. Jo s%',, < .o.5V or Vo> Vee+ 0.5V • .. • .. • ±20mA 
[',2,j source or Sink current per Output Pin, lo 

OC i~o,. .o.5V or Vo< Vee+ 0.5V • • •.•••.••.•..•.••.. ±25mA 

V 
or Ground current. Ice or GND · •................ ±50mA 

pc /cc 
arating Conditions 
r!perature Range <TA) • • • • • • • • • • • • • • • • • • • •• -55°c to 125C 
ssly Voltage Range, Vcc 

HC 'fypes ••• , , • • • • • • • • • • • • • • • •. • • • • • • • • • • • • , ••• 2V to 6V 
HcT Types···· · · · · · · · · · • · · · · · • · · · · · • · · · · · .. 4.s.J to 5.5V 

pg input or Output Voltage, V Vo ·············....0V to Vgo 
Input Rise and Fall Time 2V •••••••••••••• • • • • • • • • • • • • • • • •, • • ••••• 1000ns (Max) 
4.Sv •••••••••••• • • , • • • • • • • • • • • • , • • , ••••••. 500ns (Max) 
6V •••.•.••.••.•••• - - ••• - .••••••••••••.••• 400ns (Max) 

CAUTI
ON· stresses above those listed In "Absolute Maximum Ratings" msy cause permanent damage to the de'llce Thi I tre 

1 · th di" bo tho I d' d · s s s s ss only rating and operation 
o(thedev/C8 st these orsny o er con uons s ve se n ,cste In the operations/ sections of this specification Is not Imp/led. ' 

Thennal lnfonnatlon 
Thermal Resistance (Ty 1 E (PDIP) Packa p cal, Note 1) e (9 
M(so "9®··.......... f3A(GW) OIC) Package .. " " • ...... • .. .. .. 80 
Pw (rssoP) &a,, ''''··-----------------» 8s 

Maximum Junction Temperature (N','····-·--+-·9 
iar ioncion is,araurs, """E2es er oo) ..1as"o 
Maximum Storage Temperature Ra» 3age) ........150°C 
Maximum tead temperature ss&,,, 4&,j''··-#5c to 1soc 

(SOIC - Lead Tips Only) '9' S) • " • • • .. • • .... 300°C 

NOTE: 1. The package thermal impedance is calculated In accordance with JESD 51-7. 

TEST 
CONDITIONS 25PC 499¢ TO +85C .559¢ TO 125PC 

PARAMETER SYMBOL Vy (V) lo (mA) Vcc (V) MIN TYP MAX MIN MAX MIN MAX UNITS 

Hc TYPES 

High Level Input Vi - - 2 1.5 - - 1.5 - 1.5 - V 

Voltage 4.5 3.15 - - 3.15 - 3.15 - V 

6 4.2 - - 4.2 - 4.2 - V 

Low Level Input VL 
2 - - 0.5 - 0.5 - 0.5 V 

- - 
Voltage 4.5 - 1.35 e 1.35 - 1.35 V 

- 
6 1.8 - 1.8 - 1.8 V 

- - 
1.9 1.9 - 1.9 - V 

High Level Output VoH Vj+ or -0.02 2 - - 
Voltage V 

4,4 - 4.4 - V 

-0.02 4.5 4.4 - - 
CMOS Loads 

5.9 5.9 - V 

6 5.9 - - - 
-0.02 - - V 

High Level Output 
- - - - 

- - - 
Voltage 

3.84 - 3.7 - V 

-4 4.5 3.98 - - 
TTL Loads 

V 
5.34 - 5.2 - 

-5.2 6 5.48 - - 
0.1 - 0.1 V 

Low Level Output 
- 0.1 - 

Vo. Vjy or 0.02 2 - 0.1 V 

Voltage VL 
0.1 - 0.1 - 

0.02 4.5 - - V 

CMOS Loads 

0.1 
0.1 - 0.1 - 

0.02 6 - - V 

- - - - 
Low level Output 

- - - 
- - - 0.4 V 

Voltage 

o.33 - 
0.26 - 

TTL Loads 
4 4.5 - - 0.4 V 

o.33 - 
0.26 - 

5.2 6 - - ±1 A 

- ±1 - 

Input Leakage 

±0.1 - 
6 - - 

l Vee or - 
Current - GND 

DC Electrical Specifications 
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CD54HC04, CD74HC04, CD54HCT04, CD 

:;~~~~;;~---~=~~~7~4H~C~li~04~----- 
I :.
ctr:..l_ca_1_s_p_e

1
cifl ""].--- c" TEST 

CONDITIONS 25Pc 

ow po= lards,pa] £""[g®gee I O mA} Vcc (V) MIN TYP MAX! -55C TO 125°C 
V MIN MAX '!"®° 7? - ,w slaws pRAMETER 

44sore 
current 
rrress 
[aaare 
yo\tag9 

.SYMBOL 

Ice - 40 µA 

4.5to 
5.5 

4.5to 
5.5 

2 2 2 V 

0.8 
[cave to! 
Voltage 

0.8 0.8 V 

VoH VjH or -0.02 4.5 4.4 
H(gh Level output 
Voltage 
cyos Loads 

4.4 4A V 

High Level output 
Voltage 
TL Loads 

-4 4.5 3.98 3.84 3.7 V 

0.1 V 
Low Level output 
Voltage 
c;MOSLoads 

VoL Vy or 0.02 
VL 

4.5 0.1 0.1 

LOW Level Output 
Voltage 
TTL Loads 

4 4.5 - 0.26 0.33 0.4 V 

Vee 
and 
GND 

0 5.5 ±0.1 ±1 ±1 LA 

Input Leakage 
current 

- 2 20 40 µA 

Quiescent Device Ice Vee or 
Current GND 

0 5.5 

4.5to 
5.5 

100 360 450 490 µA 

Additional Quiescent Alec V cc 
Device Current Per (Note 2) -2.1 
Input Pin: 1 Unit Load 

NOTE: 2. For dual-supply systems, theoretical worst case (Vi= 2.4V, Vee= 5.5V) specification is 1.BmA, 

HCT Input Loading Table I INPUT I UNIT LOADS 

nB 1.2 l 
NOTE: Unit Load 1s Alec limit specified In DC Electrical 
Speciflcatlons table, e.g. 360µA max at 25°C. 

Switching Specifications Input tr, t1 = 6ns 
TEST Vee 

SYMBOL CONDITIONS (V) MIN TYP MAX 

od ro as¢ [-5sdro 125°C 
MIN MAX MIN MAX UNITS 

~ PARAMETER 
.!:I_CTYPES 
Pe 85 105 • 130 

"opagation Delay,' /tpig.tpL [CL=50pF 2 ' 26 
nput to Output (Figure 1) • • 17 - 21 " 

::::;:---::-:-----J j [i[T;TTY["F{"j%] _ 6 • " • • ns 

::::~onDelay,Oatalnputto lpLH, 1pHL Ct.• ,SpF 5 • 
6 

• • - 

ns 
ns 
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, D74HCT04 

,,,g Specifications Input t,, ty = 6ns (Continued) 
git@! ­ TEST Vee 259¢ -409¢ TO 85P¢ 

pRAMETER 
SYMBOL CONDffiONS 

~- 

(V) MIN TYP MAX 
-55¢ TO 125°C 

\,a0 res sue 0 trLH» tTHL CL = 50pF 2 
MIN MAX MIN vwax 

- - 75 
UNITS 

- 95 
4.5 

18 110 
- - 15 

ns 
- 19 

6 
- 22 

- - 13 
ns 

c, 
- 16 

~ capacitance 
- - 

- 19 
- - 10 

ns 

,, osslpation Capac/tan? Cpp 
- 10 

- 5 
- 10 

- 21 
pF 

- - 
(Notes 3, 4) 

- - - pF 

[6rryees tpep-t» tPHL C_= 50pF 
[5cation Delay, Input to 

4.5 - - 19 

C)UlpUl lflgure 2) 

- 24 - 29 ns 

propagation Delay, Data Input to 
tp , {HL C, = 15pF 5 - 7 - - 

output Y 

- - - ns 

Transition Ttmes (Figure 2) 
trL tTHL C_= 50pF 4.5 - - 15 - 19 

Input Capacitance 
c, 

- 22 

- 
ns 

- - - 10 - 10 

power olsslpatlon Capacitance 

- 10 pF 

Cpp - 5 - 24 - - - 
(Notes3,4) 

- - pF 

NOTES: 3. Cpo Is used to determine the dynamic power consumption, per gate. 
4, Po = V cc2 f1 (Cpo + CL) where f; = Input frequency, CL = output load capacitance, v cc = supply voltage. 

Test Circuits and Waveforms 

t,.•6115 .... - pg» - tr= ens t,=6ns " -- - -- tr= ans 
F gs0% 

Vee I• S- 2,7V ..; 
3V 

INPUT. 50% ... 
INPUT I- 4.3V - 

--= 10% l GND --= 0.3V ~ GND 

trHL. i-- - - - trL,H trHL - - - - trLH 
-' g0% 

...i 
g0% 

.. 50% 
INVERTING - - 

INVERTING . .... ..: _1.3V 

40% 
40% 

OUTPUT 
OUTPUT 

- tpPHL - l tpL H -- tPHL -- - tPL.H -- - 
FIGURE 1• HC TRANSITION TIMES AND PROPAGATION 

FIGURE 2. HCT TRANSITION TIMES AND PROPAGATION 

DELAY TIMES, COMBINATION LOGIC 

DELAY TIMES, COMBINATION LOGIC 

CD54HC04, CD74HC04, CDS4HTC04 C 
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4,2.2 ADC0808 Analog to Digital Converter 

.Why using ADC? 

When the touch screen receives a touch, one or more of the receivers will change 

the value of the voltage they pass in response to that touch, but in the receivers we used, 

the change is not large enough to make the analog voltage while touching seems as a zero 

as a digital input, as example the voltage while touching or not will always be over 3V 

and this value digitally will be considered as one in all cases. 

To solve this problem and determine if there is a touch or not even if the voltage 

always indicate logic one digitally, in our project we decided on handling this voltage 

amount by the software which is able to detect the change in the voltage even if it was 

very small, to pass this analog voltage to the software we need an IC that can convert the 

analog input into a digital one that can be pass to the PC through the parallel port. 

This IC is called the analog to digital converter, an example is ADC0808, and it 

can convert the analog voltage value into a digital output. 

Because of the large number of receivers we have, we need to switch between 

them one after another, reading one voltage value each time, the ADC0808 can receive 8 
inputs, it contains an analog multiplexer that receives as input a 3 selection line to enable 
one of the analog inputs to the ADC, by this way each ADC can read 8 different analog 

voltages from 8 different receivers. 

- Pins Layout and Description 

Following is the pins layout and description of the ADC0808 analog to digital 

multiplexer. 
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IN3 28 IN2 
IN4 2 27 IN1 
INS 3 26 INO 

IN6 4 25 ADD A 
IN7 5 24 ADD B 

START 6 23 ADD C 
EOC 7 22 ALE 
gr5 8 21 2" '\usB 

OUTPUT ENABLE 9 20 o2 
CLOCK 10 19 yr3 

Vcc 11 18 o°4 

Veer () 12 47 2".sB 
GND 13 16 Vr () 
r? 14 15 o"6 

Figure 4.7: ADC0808 Pins Layout 

.START: 
An input signal to enable the start of conversion process, ADC0808 IC will start 

the conversion on the high to low transition of the start signal. 

-(Address Latch Enable) ALE: 
This signal is used to enable the buffering of the address lines used as input to the 

internal analog multiplexer, such that the ALE will be high at the start of conversion to 

latch the address of the selected line from the multiplexer, and this address will be 

buffered at the pins of the ADC even ifit is not provided by the selection lines. 

-CLOCK: 
The conversion process requires a clock with a specific frequency to work 

properly, this clock signal is provided by a timer on the clock pin of the ADC0808, and 

the frequency used is equal to 640KH. 
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.OUTPUT ENABLE: 
This pin is used to enable or disable the output lines of the ADC, such that a high 

signal on the OE will enable the ADC output, and a low will make all the output lines 

goes low. 

.VCC: This is the power supply for IC, which is equal to 5V. 

.VREF (+): This signal defines the full scale output to be 5V as a digital output. 

.CND: This is the circuit ground. 

.VREF (-): This signal defines zero scale reference for the ADC. 

.1NO to IN7: 
Those are the pins that will receive the analog voltage coming from the receivers; this 

voltage will be converted to a digital output. 

-(2') to (2): 
Those are the ADC's output lines that specify the digital value of the converted 

analog voltage at the input lines, the value on these lines is sent to the PC to be analyzed, 

(2') is the least significant bit and (2) is the most significant bit. 

4.2.3 DM74LS138 Decoder 

- Why using 74138 Decoder? 

Because of the large number of receivers in the frame we needed multiple ADC's 
to cover them all there are five ADC's in the interfacing circuit, each one is responsible 

' for reading eight receivers, now we needed a way to switch between the five ADC's 

enabling one of them each time. 

49 
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This switching can be done b usi th . . . Y ng e 741S138 decoder, it takes requires three 
selection Imes as input and has eight 'bl • . possi e combmatlons to choose from we need only 
five of its output lines that are connected to th A DC' . ' e 's output enable signal. 

.Pins Layout and Description 
Vee YO \'1 Y2 Y:l Y4 vr Y6 

I 10 
,..., 

15 14 13 12 11 10 9 
' 

~ (" { o » ry 

a 0- 

O O t ) 

1 2 3 4 5 6 1 [· 
C G2A G2B G1 Y1 GND 

saw (3]PLUT 
A B 

'SELECT ENABLE 

Figure 4.8: 7418138 Pins Layout 

-A-B-C: 
Those pins select a specific output line to be activated, the output line are 

connected to the buffer's output enable pins. 

-G2A, G2B, Gl: 
These are the enable lines of the decoder, to make the decoder always enabled the 

first two pins (G2A, G2B) are permanently connected to active low, and the third one is 

connected permanently to Active high signal. 

- GND: this is the ground for IC. 
- VCC: This pin is the voltage supply to the decoder that is connected to +5v. 

-Y0-Y7: 

50 
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Thos pins are the decoder's output lines, each one of them can be activated by a 

specific input at the selection lines, they are inverted, that means they must enter an 

inverter to perform the functionality we need. 

4.2.4 3-STATE Octal Bus Transceiver 

.Why using Buffer? 

The output lines of the ADC's are shared between all the ADCs and are connected 

to the parallel port input lines, when sending the selection commands from the PC, all the 

IC's are activated and send output, and each ADC will send an output on the output lines, 

this will cause interference between the signals. 

This interference will cause confusion in the software and the voltage value will 

be calculated in a wrong manner, to prevent this problem from happening we used 
buffers, such that each ADCs output lines are connected to a buffer, that will receive the 

output enable signal from the decoder, when the buffer is disabled, it wont pass the input 

form the ADC, and this prevents the interference. 

ENABLE 
Vcc G B1 s2 

2O 19 18 17 

BS 86 87 BS 

2 

A1 

3 

A2 
j° 
A3 

5 

A.4 A6 

g 

AB 

10 

GN 

Figure 4.9: 3-STATE Octal Bus Transceiver 
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_ Pins Layout and Description 

1- DIR: this pin is used to specify the direction of passing the signal from A to B or the 

opposite. 

2- Al-- A8: those pins can be used to pass the signal to B or receive the signal from A. 

3- BI-- B8: those pins can be used to pass the signal to A or receive the signal from B. 
4-GND: this is the ground signal to the IC. 

5. VCC: the power supply to the IC. 

6- G: this is an active low pin that enables or disables the output of the buffer according 

to the input it receives. 

4.2.5 CD74HCT04 Logic Hex Inverter 

.Why using 7 404 Inverter? 

The inverters are used because the parallel port pins that can be used for input are 

all activated by a grounded signal, but the signal coming from the ADC's are active high, 

so it first enters an inverter to he inverted before being passed to the PC. 

1A 

TY 

2A 

2Y 

3A 

3Y 

GND 

4A 

4Y 

Figure 4.9: 74LS04 Pins Layout 
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.Pins Layout and Description 

Each input signal to the inverter is inverted as a result of the inverting, these input 

signal are on the pins (1A,2A,3A.,,4A,5A,6A),and the output signal pins are 

(IY,2Y,3Y,4Y,5 Y,6Y), 

4,2.5 LM555 Timer: 

.Why using LM555 Timer? 

The ADC's needs a clock input to perform the conversion process appropriately, 

this clock signal is provided by the output pin of the LM555 timer with a 680 KHz 

frequency . 

• Pins and Timer Circuit 

GND r 8 

TRIGGER 

OUTPUT 

RESET =p-- 

+Vec 

___ ..,__ DISCHARGE 

THRESHOLD 

CONTROL 
L---1,- VOLTAGE 

Figure 4.10: LM555 Timer 
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Figure 4.11: LM555 Timer Circuit 

4.4 Hardware Options 

In this section we describe each option that we tried to use to acconplish the 

project's objectives. 

- Frame 
In designing the frame, there were many options that we can choose from, there 

were many materials that we can use to build the frame, each one has advantages and 

disadvantages, the following are those materials and their properties. 

1- Wood 

This was the first of out options and the first method we thought about to build the frame. 
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Figure 4.12: Wood Frame 

- Advantages: 
The wood has a light weight and can be easily formed to create the shape we 

need, also it is inexpensive and available. 

- Disadvantages 
Most of wood types contains fiber, the fiber causes an inaccuracy while 

perforating the wood, such that the LEDs canals were in accurate, some are large, some 

are not, so this was an indicator that the wood is not the best option. 

-Aluminum 
This was the alternative to the wood, and we used it in our project. 
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Figure 4.13: Aluminum Frame 

- Advantages: 
The aluminum is light in weigh compared to steel or metal, it can be formed 

easily using an accurate machine to create the holes in forming the aluminum as we 

needed, it can be formed with high accuracy and this was a good point for the this 

option. 

- Disadvantages 
The aluminum is expensive, and difficult to be found, it is reflexive so there is the 

possibility of relaxing the infrared beam, which increases the interference. 

- Infrared Senders 

When connecting the infrared senders, we created many circuits until we found a 

circuit that can really work, in the first circuit the senders were connected in parallel with 

traditional resistor on each sender, this option caused a high temperature in the resistor 

that caused them to be damaged, on the other hand the senders weren't sending with the 

same power. 

On The other hand this options has the advantage of protecting the whole senders 

from being disabled when one sender is damaged, because they are connected in parallel, 
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the second option was to connect the d · • . . sen ers 1n seres, this option was better because the 
current the same on all senders so they all send ith al WI an equ power, to solve the 
temperature issue, we used a high p • . . ower resistor, this resistor can handle the increase of 
temperature and the high heat. 

Figure 4.14: Infrared Senders Series Connection 

- Infrared Receivers 

In building the receivers circuit we created many circuits in attempt to find the 

best option that we can have. 

- Receivers with transistor 

In this option we used a transistor to function as a switch between a 1 and 0, but 

in this case the sensitivity of the receiver was weakened because the transistor was 

consuming a high current which affects the receiver. 

- Receivers with an AC supply 

The AC supply option didn't caused improvement on the receiver sensitivity, and 

also it caused the receiver to be off, because of the frequency and this is a problem to our 

project because the receivers must be enabled all the time. 
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_ Receivers with power supply and resistors only 

This is the option that worked in a proper manner in our project, and the receiver 

sensitivity was good enough to detect the change in the infrared beam in front of the 

receiver, the receivers are connected in parallel, each one with a lk resistor. 

- Senders and Receivers Alignment 

In the case where the sender were all together on a side and the receivers were on 

the other side, this option caused a high interference between the receivers because each 

receiver was facing multiple senders, the alternative to this option was to put each 

receiver between two senders, in this way it will be facing only one sender in the opposite 

direction, this reduced the interference enough. 

g w a 9 gg a # # » » % p = 9 # L g 4 s « 9 s a : : : I ~ : = f· , · = ~ U : ~ : : · : ~ : u: : ~ · j J ~: : : ~9: : 
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Figure 4.15: Senders and Receivers Alignment 
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Figure 4.16: Infrared Beams 

- Interfacing Circuit Options 

In designing the interfacing we had two main options to work on, the first was to 

use a microcontroller unit that is mounted on a board with memory, input and output 

ports, the microcontroller we used called Intel 8051 microcontroller, we wrote an 

assembly program that will be stored in the controller's memory, using the option, the 

microcontroller was responsible for reading the receivers voltages all the time. 

The microcontroller will read each voltage value, analyze it and if it detects a 

touch by the change in the receiver's voltage, it will interrupt the PC, send it the 

coordinates using the serial port, and the microcontroller will perform this functionality 

controlled by an assembly program that is stored in the controller's memory, it will run 

automatically when the controller is turned on. 
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Power 
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Progra 
Serial 
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Serial 
Port 

Figure 4.17: 8051 Development Board 

This option didn't work, because of two main reasons; the first was the analog 

output of the receivers, the microcontroller can accept only digital input, on its input 

ports, on the other hand, another problem came out into the project, the microcontroller 

we used was taken form the collage, and we later discovered that there was a port 

damaged in the microcontroller, this caused a problem to us because we needed a large 

number of data inputs from the infrared frame to the microcontroller. 

In trying to solve the problem, we thought about an alternative, which is to use a 

group of analog to digital converters, that reads the analog voltage on the receivers, 

convert it to a digital value, this value will be read by the PC on the parallel port, this 

option depends on the PC software driver to monitor the analog to digital converters, 

send control signals to them and read each receiver's voltage, storing each value to be 

analyzed. 
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#lea. 
Figure 4.18: Interfacing Circuit 

This the software will be responsible for the controlling, reading the data and the 

analysis, the interfacing circuit consists mainly of five the analog to digital converters, 

each one reading eight different receivers, switching between them using an internal 

multiplexer, and to switch between the ADC's we used a decoder that is controlled by the 

PC. 

4.5 Software GUI Scenes 

This section view the graphical user interface that the user is expected to interact 

with, the method used in the GUI design, the interfaces and the options that the user can 

control. 

The software driver consists of many interfaces that contain different components 

and controls to control the software and change its options; in the following we specify 

each interface and its usage. 

- Main Menu 
This is the main menu of the software, it contains multiple buttons that the user 

can press, and these buttons were designed to fit the finger touch, each one of these 

buttons opens a menu to the left that contains controls and components to control the 

software behavior. 
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Figure 4.19: Main Panel 

- Cursor Options 
This interface contains controls to allow the user to set the cursor options. 

Figure 4.20: Cursor Options Panel 
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.Click Options 
This panel allows the user to s t th 1. k . er e c 1c , nght click and double click options. 

r 
I 

Figure 4.21: Click Options Panel 

- Visibility Options 
This panel allows the user to specify if a feature is visible or hidden. 

} file Ctirso 

-}o) Tail 

Figure 4.22: Visibility Options Panel 
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• Settings 
This panel allows the user to change the ftw . so are settmgs. 

Figure 4.23: Settings Panel 

- Help 
This button provides the user with a simple help to instruct the user of how to use 

the touch screen driver and how to customize his options. 

-Leave 
This button will show a message that asks gives the user the options to close the 

program, hide it or cancel the operation. 
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What do you want to do? 

Minimize Close ('ancel 

Figure 4.24: Leave Message 

If the user decided to close, the software closes, if he decided to hide, the 

software main panel will be hidden and a button will be shown at the bottom of the 

screen to allow the user to restore the program again. 

el 
Figure 4.25: Software Restore Button 

4.6 Summary 

This chapter consists of three sections; the first one view the structural design of 

the whole project, and the main interfacing circuit details, the second section views the 

main hardware options in the project, the third section lists all the hardware components 

in detail with their specifications, the third section view the design of GUI scenes done in 

the software driver. 
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Chapter Five 

Implementation 

5.1 Overview 
5.2 Hardware Implementation 

5.3 Software Implementation 

5.4 Summary 
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5.1 Overview 

This chapter focuses on the implementation phase of the project, for hardware 

listing each component used, its implementation and specifications, and also for software 

showing group flow charts that describes the software behavior and a pseudo code to 
show the implementation of the flow charts. 

5.2 Hardware Implementation 

The infrared net based touch screen project consists of many hardware 

components that are connected to each other, here we will list each component specifying 

its circuit, how it is being designed and how it is connected to the rest of the system's 

hardware. 

The main hardware components in the project are: 

- Infrared Net Frame 
The infrared net frame consists of the following components: 

- Aluminum Frame 

- Circuit Board 
- Infrared LED Sender: 

- Infrared Photo Diode 

- Resistors 
- High Power Resistors 

Th d ·vers and resistors are mounted on a circuit board that is mounted e senler, rece 

th al 
• fr each sender and receiver is placed inside a canal in the aluminum on e !uminum ame, 

• ..c. b tween receivers on the other hand each sender is placed 
to reduce the interference er " 

. th t · the opposite direction it faces only one sender, this 
between two receivers so at 1n 

d t the wrong detection. reduces the interference an preven 
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