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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.

0

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




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.




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]




-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 3
4 Analog to Digital Converter 40
5 Inverter 4




1.6 Time Schedule

6 Clock Generator 2
d 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.

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

components of the project and the timing for each stage.

Sep 2008 Oct 2006 § Nov 2006 E Dec 2006

1D Task Name Start Finish Duration — - ; 1 : ; -

i 9/24 1 10/1t 10/5E10/15E 1022{ 10&9E 11/5f§ 11/12;11”9%11&&% 123 b 12/10‘;E
1 | Idea Decision 09/20/2006 | 09/26/2006 w VA
2 | Full Description 09/27/2006 | 10/10/2006 2w /A
3 | Study 10/11/2006 | 11/28/2006 w _ 7\
4 | Primary Design 11/08/2006 | 11/28/2006 3w VR T A
5 | Primary Implementation | 11/21/2006 | 12/11/2008 3w emmei/\
6 | Revision 12/07/2006 | 12/20/2006 2w DJ
7 | Documentation 10/19/20086 | 12/20/2006 ow \V4 j\

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




6 Clock Generator 2
7 Frame 35
8 WindowsXp(Rent) 25
9 Visual Studio 2005 29
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 2008 Oct 2008 B Nov 2006 R Dec 2006
1D Task Name Start Finish Duration - - - - - r —
! 9/24 | 10/1t! 10/8]}10/15E 10/22[ 10ﬂ9t‘, 11/5]';11”2[;11”9&1146& 12/31§12/10t 9
1 | Idea Decision 09/20/2006 | 09/26/2006 w VA
2 | Full Description 09/27/2006 | 10/10/2006 | 2w \V/E A\
3 | Study 10/11/2006 | 11/28/2006 | 7w \VA 7\
4 | Primary Design 11/08/2006 | 11/28/2006 3w VAT
5 | Primary Implementation | 11/21/2006 | 12/11/2006 3w VBT A
6 |Revision 12/07/2006 | 12/20/2006 2w @
7 | Documentation 10/19/2008 | 12/20/2006 Sw Y :/:\

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




| Feb 2000 Mar 2000 I Apr 2000
D Task Name Start Finish Duration
5 ?/12|2/19|2/26|315|3/12|3/19|3/20IWlWIVYGllﬂJIlfJOI
4 | Hardware Circult 02/01/2008 | 04/18/2008 11w 7\
T Interfacing Circuit 2/8/2008 03/14/2006 5w \V/ /N
5 [ Sotware Implementation | 2/22/2006 | 04/18/2006 | 8w v A
"4 | Testing 31142008 | 5/9/2008 | 82w 7 7
5 | Documentation 02/01/2008 | 5/9/2008 | 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.




- 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 systém 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, 1€SOUICES 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.




- 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.

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.




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 éystem 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




9. 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

sysiem.

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




- 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 circnit 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 on 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
o Conducting or non-conducting stylus.
o 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- Tt 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 normal glass panel that is covered with a
conductive and a resistive metallic layer. These two layers are held apart by spacers, and
a scratch-resistant layer is placed on top of the whole setup. An electrical current runs
through the two layers while the monitor is operational. When a user touches the screen,
the two layers make contact in that exact spot. The change in the electrical field is noted
and the coordinates of the point of contact are calculated by the computer. Once the
coordinates are known, a special driver translates the touch into something that the
operating system can understand. Figure 2.1 illustrates the idea of analog resistive touch

screens. [8]
Tomductiez netvn
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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]

Edigecrsciwe

dfaphkaraira Do TR
Frerme insi ge besed]

Sz
1§

e Phwtumrepun

e and autside

15D cyeite apvic gz of inhaed
of brfizoe ligiwt Trareoeer beeel

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

Technolo Capacitive Resistive Infrared Touch | SAW Touch
gy Touch Panel Touch Panel Panel Panel
0, 0, 3
85% 75% ot . el
Clarity light transition clear ,good gntuansiion, UROBHAaN,
Tl tias Cla;'i e Excellent excellent
ERStTIE Dy Clarity Clarity.
Good
Excellent, RS Excellent,
contains hardened contains hal:d contains no Excejllent
glass surface pratlpl e overlays, optical coniams 0y
Durability | i conductive ever s bt sensors around oxeruys o
: can be glass panels.
metal oxide. damages the frame.
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Reliability Very High High Very High Very High
Accurac
3 Y5 Very accurate, Very accurate, | Very accurate, E).(tremely
calibration, very stable tabl bl consistent, very
stability very stable very stable celile
Pressure
Finger contact for sensitive. Inter}ruption of Soft objects,
Activation, | touch activation, Actlvalic‘ed by i #he h,gl'ft beam non glare,
sensitivity easily detects any object, matrix: life to require
Soniact good for no pressure significant
: gloved required. contact.
application.
Touch ; .
Resolution Very High high

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]




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 A/D 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




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 DM74LS138 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.




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 CD74CHTO4 inverter because other IC's has an inverted

output that can’t be used directly in interfacing with other components, so W€ 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.




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.

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.

N IPPIPIOICLOBOUY
S ARRAAAAAANA

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. [S]
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.

I- Tighter integration with other products allows developers to utilize their skills across a
range of products

7- 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.
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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. I
3.2 System Objectives

The main objectives in our project are:

|- Build an infrared based touch screen that receives a finger touch on the screen’s

surface and do the appropriate action.

7. 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.

30




3.3 System Block Diagram

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

Infrared Use
Based Net Power Supply Interface

Digital Input

Parallel Port

peas 0} 37 € 99|eS

uope|es

Interfacing Circuit

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
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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 for switching between the five ADC IC's, such that
each time a circuit will be enabled, this ADC then will switch between eight receivers to
read their voltage and pass this voltage to the PC, 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 screen driver 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
gach 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.

Infrared Frame
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Sending
Input

<t Control — PR
Interfacing Circuit Read L p e
Output

Software Driver

O

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.

Read infrared e
signal

 lg—Control———

Set Configuration

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 System’s 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 each

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.
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iponents

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

details and specifications.
).1 Infrared Sensors
Why infrared sensors

yose infrared sensors for the following reasons:
- Low cost.

Infrared signals are not visible to user.

High power output and clarity.

- High reliability, accuracy and stability.

ong life for long use.

6- Tow drift.

ared LEDs that we will use in our project are:
d Emitter (Transmitter) and its number is (QED233).

ription
ED233 is a 940 nm LED encapsulated in a clear untinted, plastic package

D233 has the following design features:

e type: T-1 3/4 (Smm lens diameter).
-d Photodiodes Numbers: QSD122/ 123/124.
Emission Angle, 40°.

Output Power.
e material and color: Clear, unstinted, plastic.




«Operating temperature (-40-100 C°),
-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.

0.185 (4.95)

REFERENCE
SURFACE \ 0.305(7.75)

\\l

224

0040 (1.02)

NOM
0800(203) |} , L/
MIN - Jy Ve

=il

0080 (125) |

“N\— CATHODE

0,400 ¢2.54)
=1~ NOM

S \ 0.240 (6.10)
- 0.215 (5.45)
0.020 (051) N\ / i

SQ. (2X)

Figure 4.3: Infrared LED Package Dimensions

SCHEMATIC
ANODE
Tl
CATHODE

Figure 4.4: Infrared Transmitter Schematic.
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Figure 4.5 shows the radiation angle of the infrared led.

Radistlon Diagram

10 08 08 04 02 00 02 04 06 08 1.00

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- L.ow cost.

3- Maximum power dissipation 100mW.
4- Maximum voltage 1s0 V.

5- Maximum current 100mA.

30
(.118)

525

6.1520.5 ‘ io)

(24

1.0
(.04)
SEE NOTE 3

12,714,

()
coste. || :
T : |

| 1.OMIN.
(.04)

SUNOW (SEE NOTE 4)
&)}

Figure 4.6: Infrared receiver diagram
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Figure 5.1 views the infrared net circuit diagram, it consists mainly of infrared
.enders, 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
sed because it can handle the high current in the circuit.
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The High current (120
: which incr : mA) Cailediatvory high temperature in the traditional
resistors, icrease the possibility of resistors damage, we solve this problem by

replacing them with a high power resistors (220 Q, 5 Watt) that can handle the
temperature

The receivers in the circuit are connected in parallel with each other, each one
connected to 1K 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 5V power

supply.

In case of touching, the change in the amount of voltage read from the receivers is
approximately from 0.7V to 1V, 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

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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_nterfacing Circuit

from analog input to a digital output through the ADC's, switching between receivers by
using the internal multiplexer and the decoder. /

The interfacing is connected to the infrared net frame using an IDE data cable
reading the receivers analog voltages, and it is connected to the PC through the parallel
port, t0 receive the control signals and also send the result of conversion to the PC

software driver 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 respomnsible 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 th
line is connected to one of the decoder output lines, S

ADC to be enabled by enabling it's buffer.

e ADC's output, each buffer enable
uch that the decoder selects the

responsible for switching

Each ADC contains an internal multiplexer, it 18 '
uts, and the 555 timer is

s received at the ADC inp

between multiple analog input _
signal to the ADC's to enable a

proper analog to digital
responsible of providing the clock ]

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 digi ?

s send the digital output to the buffer and then to an inverter because the parallel

port lines afe 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,

S¢atus Register Data Register

s |s1 |s2|53 5458 Sh J o7 | os |p5 |04 [p3 |D2 |D1 LTLJ
| L LU
©EI00OO6@0D /
@@@90@@@@@@@J

['/r————r__’_——":——"_:fr——:‘

colc1lc2|c3|Ce €5|C6| C7

Control Register

Figure 5.3 Parallel Port Layout

The lines in DB25 connector are divided in to three groups; they are

- 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

{ine 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.

r-l;m No_TSI nal R 5
_.(]_)!33'_@ ?ailg lerectlonJ_ '::gtlsmr‘Invertedfi
1 t nStrobe : Out Con(‘;‘r ol- Yes

" Datal l “In/Out | Da’ca-l'E “No

4 | Damd “In/Out | Data2 | No

" Data3 | " In/Out | Data-3 No

S Data0 | In/Out | Data0 | No
3

e T

5
e Data4 In/Out Data—4 No
7

" Data5 | In/Out !De—lit‘g-_ﬁm_i _ No |

"8 | Date6 | WOu Data6| No
9 | Daw7 | WwOut Dat7 No |

| 1'2“ : —13*3’5:' In  Stams5 No
13 Select :f:@..: Status4 No_
FM;{ Lmefeed Out Conltr o} yes
e e e
—MI;‘ r;l_nmahze Out %Con;r Ol-% No |

‘17‘ nSelectw Out fControl-.; Vs
| CPHNTEL Ly icio Bite ¢ gapleomnsed

18-25 Grou_nd_ L NE Sl e eeel

Table 5.1: Parallel Port Pins Layout
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. parallel Port Registers

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

register in the compuier, 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: 0x37A

- Pins Usage:

1- Pin2 to Pin8 (DO to D1):

- D6, D1, and D2: Selection lines on the decoder in the interfacing circuit.
The possible combinations are:

000: ADCO

001: ADC1

010: ADC2

011: ADC3

100: ADC4

-D3,D4,D5: Selection lines on the ADC internal multiplexer, it has an eight combinations

to choose from.
- D6: connected to the start signal, to start the conversion process.
2-S3 to S7:

Used to input the first fiv

3-C0 to C3:
The pins c0, c1, c2 are used to input the last three b

e bits of the converted data from the ADC.

its of the converted data to the PC.
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5.3Software Implementation

This section describes in general the software driver in the project, why it is
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 Software and Hardware Communication

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

transmission mechanism must be used; in the project we choose the parallel port be that

mechanism.

In the next chapter a full description of the parallel port will be provided, now as

an introduction, the parallel port will be used to send the control signals to the interfacing

; oo : ircuits used.
circuit to provide the selection inputs to the integrated circutts us
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On the ot :
: g .e ?her hand, the parallel port will be used to send the data from the
interfacing cireuit o the PC, store it and analyze it after all, this analysis will determine

he 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
be 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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6 Pseudo Code

action 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_ReadingO
End

, In this section we describe the main functionality of the touch screen driver,
isting the pseudo code for controlling the interfacing circuit, reading the voltages on the
ceivers, analyzing the data read and taking a specific action according to user

Read_References()

Counter =0

Readings =0

Voltage =0

‘While (Readings <= 5)

{
While (Counter < 35)

{

82

g
K
i
{
il
$
1




Send_Control_Signal(Counter)
Voltage = Read_Voltage(Counter)

References_Array(Counter) += Voltage
Counter +=1

}
Counter =0
Readings +=1
}
While (Counter <=35)
{
References_Array(Counter) = References_Array(Counter) /5
Counter +=1

TR AR itz

Do_Scroll()
{
Counter =0
Voltage =0
Wil =
V2=10
While(Counter <15)
{
Send_Control_Signal(Counter)
Voltage = Read Voltage(Counter)

Store_Y_LED Voltage(Counter) = Voltage

If (Voltage — Reference_Array(Counter) >0.5)

{ r-1)- Reference_Array(Counter -1)

Vil'= Read__Voltage(Counte
V2 = Read Voltage(Counter +1)- Reference_Array(Counter + 1)
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If (V1>V2)

{
Scroll_Up()
return
Else
Scroll_Down() i
return »
}
}
Counter +=1

,_‘Conous__Voltage_‘Re_ading()

Counter =0

Voltage =0
Differences(35) =0
While (Counter < 35)
{ .
Send_Control_Signal(Counter) |
Voltage = Read_Voltage(Counter) b
Store LED__Voltage(Counter) = Voltage

Diﬂ’erences(Counter) = Voltage — Reference__Array(Counter)

If (Counter < 15)

{ ¥
If (Differences(Counter) >0.5) : ‘5

(

Store_Y_LED_Index(Counter)

Counter = 14

b
3
1
{
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}
If (15<Counter<35)

{
If (Differences(Counter) > 0.5 )
{

Store_ X LED_Index(Counter)
Counter =0

}

Counter +=1
}
Calculate_Position(X__LED_Index,Y_LED_Index)
Get_Action_Time()
Do_Action()

Ser d_Control_Signal(Curmet)

Out_On_Parallel_Port(Contro_Word(Cunnet),OutputAddress)

Read_Voltage(Current)

Voltage Value =0
Voltage_Value = Analyse_Input(In_From_Para]lel_Port(Input_Address))

Return Voltage_Value
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alyse_Input(Binary_Input)

Byte_Data=0
Value =0

Value = Calculate_Volage(Byte_Data)
Return Value |

Byte_Data= Invert_Active_Low_Lines(Binary_Input)

Cal culate_Position(X_Index,Y__Index)

X_Poistion = X_Index * Screen.Resolution. Width / 21
Y Poistion =Y_Index * Screen.Resolution.heigh / 15

Get_Action_Time()

(1 ime<Click_Time_In_Seconds)

{
Do_Action(Click)
Else
AskUser()
}
kUser()
Show_Option_Menu()
If (Option = Press)
{
Do_Action(PreSS)
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Qmﬂ,mln
Else if (Option = Right_Click)
- Do_Action(Right_Click)

Do Action(Option)

If (Option = Click)

{

DoClick()

3

Elseif (Option = RightClick)
{

, DoRightClick()
} 3
Elseif (Option = Press)

{
DoPress()
}
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fiware and it functionality.
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This chapter specifies the implementation in details for both the hardware and
are; in hardware it lists the main components and circuits diagrams, functional

.cifications and features. In software it lists a pseudo code of the algorithms used in the
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5.1 Overview
5.2 Hardware Testing
6.3 Software Testing

5.4 Summary

Chapter Six

Testing
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6.1 Overview

is chapter foc i .
He 3 uses on the testing phase in the project, it consists of two section,

the first discuss the hardware testing operations, for each 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

When connecting the infrared sender, directly without using a resistor, the result

is that the led will be burned because of the high current

in a manner that the signal will not be detected by the receiver.

_ when using a high resistance the

radiation will be very low

ow resistance, the radiation will be in

When connecting the infrared sender with 2 1

its maximum ratio.
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. Block Testing

When each sender in series wi i ar
series with a resistor, and connecting the senders in parallel
alle

‘Ni eaCh Othel' i i i
th S S connection requlres a very high current amount hi
ﬂl] Vv , W ch causes a

{arge increase in the resistors temperature

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

ten sender wi istor i :
each 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

Connecting the receiver without a resistor causes a low sensitivity, in a try to
contains an NPN transistor, but this

increase it we used an amplification circuit that
ing a significant efficiency.

option increases the circuit complexity without caus$
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addition the i .
. nl transistor option that was use for switching between one and zero
ctioning only for : :
was fun g only short distances, connecting the receiver with a resistor to the

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

- 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

was burning because of the high temperature, to solve this

resistor to that can handle the high temperature.

problem we used a high power
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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 SV 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:

ceiving the signal from the PC, this caused a problem because

The start pin was 1€
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.

i i after each
This connection 1is called a free running conversion, such that

conversion, the ADC will automatically start conversion ag
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_ALE:

first, th i
At .rs , the ALE p‘m was connected to the power supply, this caused a wrong
input selection, from the timing diagram of the ADC, and we concluded that the ALE

signal must be provided as a pulse on the conversion starting process, so we connected 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

the output signals interference, this problem was solved by using tri-state transceiver.

6.7 Decoder

- Unit Testing

as connected in wrong way which caused the decoder to be

Once a decoder IC W :
aused a delay 10 the progress.

crashed, and we didn't discover that early, which ©
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6.8 parallel Port

In using the parallel
g the parallel port, there were many problems, first of all we didn’t connect

the ground lines of the parallel port to the ground line of the circuit, and this caused an
erroneous data reading on the parallel port. :

The second problem was using the wrong lines of the parallel port to receive the
input form the ADCs; this was because the wrong view of the numbers on the parallel

port.

The third problem was in that the parallel port control and status line are all active
Jow, 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
g to each input coming from the

test the interfacing circuit and study its behavior accordin

BE, .

hows a section of the testing software, it contains controls

The following figure S :
arallel port line nd shows the oufput a3 binary and as

that reads continuously the P
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decimal values, also it allows us to send data to the control and data lines b th
es because they

t
can be used to output data on the parallel port. The data in the text boxes needs
adjustment because some of the pins are inverted

—

® Form1

i3
Data | l
| 00001000 | e
Status |120 | |01111000 {
Control | 12 | |oooot100 | lsend. | | |

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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Delay to read one led in miliseconds: Label7

Delay to read 35 led in miliseconds: Label8

EERH
LRI
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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

testing we were reading the analog voltage of each

At this stage of software . .
alculation, this calculation will determine the index of

receiver and store it to be used in ¢

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

the storing of the receivers voltages as they are read

The following figure shows
ol o shows the average value of the voltage on each

Successively one after another, it als
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receiver after being read a number of times, such that this is the voltage on the receiver

while there DO touches on the screen, and it will be used to calculate voltages differences.

L0

(L1

The following figure shows an image of the softw

th . . . ; .

00000010

: 00000100
+ 00000100
L3¢
L4
| LS
L6t

00000011
00000010
00000011
00000010

11,875 | | RO : 00000011 ; 3.18359375
1 3,59375 | | R1: 00000010 : 2,2578125
: 3.671875 | | R2 : 00000100 ; 3.65625
1 2.63671875 | |R3: 00000010 ; 2.37109375
: 1.69921875 | | R4 : 00000010 ; 1,90625
13,125 | | RS : 00000011 ; 2,8359375
11,875 | | R6 : 00000010 : 1.91796875

| [R? : 00000011 : 2.875

| | R8 : 00000011 : 3.390625

{ | R9: 00000011 : 2.859375

| | R10 : 00000011 : 2,80859375
| | R11 : 00000011 : 2,5390625
| | R12 : 00000010 : 2,18359375
| | R13 : 00000011 : 3.4765625

11
H

Figure 6.7: Reading Receivers Voltages

shows the voltages of the receivers on each reading.
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Figure 6.8: Touch State

6.4 Summary

This chapter focuses on the testing stage of the project, the first section 1S about

Delary to read one led In miliseconds:  Label7
Delay to read 35 led in miliseconds:  Labeld

| L0 : 00000010 : 2.24609375
| L1 : 00000010 : 2,109375
| L12:: 00000101 : 4.82421675
| L13 : 00000100 : 4296875

Diference 1.38671675

|| Ro: 00000011 : 3
|| R1: 00000100 : 3.5234375

| | R9 100000011 : 2.73828125
| | R10 : 00000010 : 24609375
| | R11: 00000010 : 2.06640625
| | R12 1 00000100 : 355078125
|| R13: 00000011 ¢ 2.91015625

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.

i i i t were used,
Section two is about the software testing, showing the interfaces tha

faced.
what results we had after testing each component and the problems that we 1a
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Chapter Seven

Conclusion

11 Overview

72 Results and Conclusion
7.3 Challenges

7 4 Future Work

7.5 Summary
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11 Overview -

This chapter reviews the results of the project as a whole, including the

R .We came out with, the results of our project, the problems that we faced
and our suggestion for future work on related project.

'7,2_Resu_1t5‘énd Z'Cd'nclusiqn- |

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 2 finger

touch.
9- 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.
the hardware and provides the

4- We implemented the software that communicates with

user’s services. .
cause it allows the pipelining

5- Threads can be used to reduce the response time be - :
6- Win32 APIs provide functions that give the programmer 2 full control of the operaiing
system's hardware and software components. :

surface.

7- The light of the computer screen doesn
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1.3 Challénge_s

The following are the main chall
enges and problems th ;
project building process: s that we faced while the

" lnffafe.d S -mtel'fereme causes a wrong detection of the touch on the screen,
such that multiple receivers can be affected by a touch that is not really in their direction.
7- Despite that the aluminum 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 work in an efficient manner.

4- There is a significant delay in scanning the infrared net because of the time needed in
transferring the control signal from the PC to the interfacing circuit and 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.

74 Future Work

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

nly when a touch occurs.

ceivers/senders, this increases the resolution.

the microcontroller can interrupt the PC o

2- Increasing the number of the infrared re
3- Increasing the length of the frame canals to increase the filtration and reduce the

interference.

4- Reducing the size of the frame hole £ the receivers/senders

s to allow the increasing O

number. | 5
5- Using a photo transistor instead of photo diodes because they have a higher sensitivity.
jve to increase the speed and response.

6- Using the USB port for data send and rece
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L4

~ This chapter focused on the results of our project progress, the conclusion we
me out and our suggestions for future work on related projects.
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psolute Maximum Ratings motes 142

"mmylAerospau specified devices are requl
e Gonact tho National Semiconductor st
omoolomdbutors for avallability and specifications.
SupplY Voltage (Voo) (Note 3) B85V

at Any Pin ~0.3V'to (Vog+0.3V)
t Contro! Inputs
at Control Inputs —0.3Vto + 15V

(START, OE, CLOCK, ALE, ADD A, ADD B, ADD C)

swrageTempera\ure Range ~6E°Clo +150°C
Dissipation at Ta= 25°C 875 mW
Lead Temp- (Soldering, 10 seconds)

pual-in-Line Package (plastic) 260°C

pual-in-Line Package (ceramic) 300°C

Molded Chip Carrier Package

vapor Phase (60 seconds) 215°C
Infrared (15 seconds) 220°C
ESD Susceptibility (Note 8) 400V

Electrical Characteristics

Converter Specifications: Vcc=5 Voc=VRer+, VREF(-)=GND, TMINSTA<TmMAx and fcLk=640 kHz unless otherwise

Operating Conditions (Notes 1 &2)

Temperature Range (Note 1 )

Ao TMINSTAS TmAx
o i —B5°C<Ta< +125°C
ADCO0809C :
T CN ~40°C<Tp< +85°C
s V, ADCOB0BCCV ~ —40°C < Tp < +85°C
ange of Vcg (Note 1) 4.6 Vpc t0 6.0V
o 3 DC

stated.
bol P 1{
arameter
Sym! Conditions Min Typ Max Units
ADC0808
Total Unadjusted Error 26°C Y, LEB
(Note 5) TMmIN to TMAX +3 LSB
ADC0809
Total Unadjusted Error 0°Cto 70°C +1 LSB
(Note 5) TMIN to Tmax 1Y, LSB
Input Resistance Fror Ref(+) 1o Ref(—) 1.0 25 kY
Analog Input Voltage Range (Note 4) V(+) or V(-) GND—0.10 Vge+0.10 Voc
VREF(+) Voltage, Top of Ladder Moasursed at Ref{ | ) Veo Veg | 0.1 \"
+V =
Yagr() LYREF(=) | voltage, Centr of Ladder Veo/204 | Vo2 | Vec/2+0d |V
VREF(-) Voltage, Bottom of Ladder Measured at Ref(—) -0.1 0
IIN Comparator Input Current fo=640 kHz, (Note 6) -2 +0.5 2 pA

Electrical Characteristics
Digitat Levels and DC Specifications:
ADC0808CCJ, ADC080BCCN, ADCO0808CCV, A

ADC0808C) 4.5V<Vees . :
DCO0809CCN and ADC0809CCV, 4.75$Vco$5.25v. —A40°C<TA< +85 C un-

5.5V, —B55°CsSTAS +125°C unless otherwise noted

£

http://www.national.com

less otherwise noted

Symbol I parameter | Conditions Min Typ Max | Units

ANALOG MULTIPLEXER

loFF(+) OFF Channel Leakage Current ¥:i=2:\é V=5V, i 2
Tamin t0 Tmax 1.0 pA

loFF(-) OFF Channel Leakage Current Voo =5V, Vin=0: o
Tp=25°C i
Tin to TMAX [, SR S




glectrical Characteristics (continueq)

ital Levels and DC Specifica 5
g'&;osoacc.l. ADCOBOBCCN, Aocogggéb\f ‘1%"3333" A5V<Vro<B5Y, —B5C<T
jess otherwise noted ; BCCN and ADCOBOSCCV, 4.78.<Vgue o ony, e, Sierwise noted
er
Condiii
CONTROL INPUTS = Mn | Typ | Max | units
VIN() Logical “1" Inpul Vollags
npn V o
VINO) Logical "0" Input Voltage SEAIS
Logical “1” Input Cu 16
UO)) rrent = d
(The Control inputs) e 1.0 pA
() Logical “0" Input Currant V=0
(The Control Inputs) =10 pA
lcc Supply Current foLic=640 kHz
DATA OUTPUTS AND EOC (INTERRUPT) 23 89 mA
Logical 1" Output =
VouT() 9' — tput Voltage lo=—360 pA Vog—0.4 v
VouT(0) Logical 0" Output Voltage lo=1.6mA S5 G
VouTo) Logical “0" Output Voltage EOC lo=12mA o' e
louT TRI-STATE Output Current Vo=5V ' .
Vo=0 o 3 pA
pA

Electrical Characteristics
Timing Specifications Vo= Vagr(+)=5V, VRer(—)=GND, tr=4=20 ns and Tp=25'C unless otherwise noted.

Symbol Parameter Conditions Min Typ Max Units

tws Minimum Start Pulse Width (Figurs 5) 100 200 .

twWALE Minimum ALE Pulse Width (Figure 5) 100 200 ns

ts Minimum Address Set-Up Time (Figure 5) 25 50 ns

H Minimum Address Hold Time (Figure 5) 25 50 ns

to Analog MUX Delay Time Rs=08 (Figure 5) 1 25 pS

From ALE

tH1, tHo OE Control to Q Logic State Gy =50 pF, R =10k (Figure 8) 125 250 ns

t4H, toH OE Control to Hi-Z C; =10pF, R =10k (Figure 8) 125 250 ns

t Conversion Time f. =640 kHz, (Figure 5) (Note 7) 90 100 116 pS

fc Clock Frequency 10 640 1280 kHz

teoc EOC Delay Time (Figure 5} 0 8+2pS Clock

Periods
CiN Input Capacitance At Control Inputs 10 15 pF
Cout TRI-STATE Output At TRI-STATE Outputs 10 15 pF
Capacitance _

Note 1: Absolute Maximum Ratings Indicate (imits beyond “which damage to the dovice may occur. OC and AG elactrical specifications do not apply when operating

the device beyond its specified operating conditions.

Note 2; All voiluges ure } with respect to GND, ey othewise wpuified. 3

Note 2 A zenér diode oxsts, intamally, from Voo to GND and hes & typical breakdown voltage of 7 ¥ipc o

Note 4; Two on-chip diodes are tied to each analog input which will lmfd w"fl{rc:\x,{::w:.:ﬁ: Eh'z'np:: Lﬂ?mn?:ﬂﬁzﬂ/:?fo:lxz grg:ig: :'::!9‘3(3::\;:"’:
sither diode. TH3 I - wil tharefora foquire a minimum supply voltago of

nraster then the Vecn supply. The spec allows 100 mY fornerd bies of
by more than 100 oV, the alnpm wode will ba correct. To achieve an absolute OV to Ve input voltage range
4.800 Vpg over t dations, initial and loading one of these A/Ds requires a 2e10 o¢ full-scale adjust.

Figure 3. N
S’;:al'g span exists (for example: 0.5V to 4.5V full-scale) the reference

P

Note 5: Total unadjusted error Includes offset, ful-scale, fneerit, and multiploxer eTor,
However, If an all zero code Is desirad for an analog input other than 0.0V, or f @ namow ful-
Hages can b adjusted to achi this. See Figure 13. g o
Note 6: Comparator input current is a bias curent into OF 40'\: of the chopper stabilze comp g
[ila temperatire depandanca (Figure 6). S22 peragreph 4.0.
i EOC.
Note 7: The outputs of the data register are updated ono clock oycl bafore the rising edge of

Nota 8 Kuman body model, 100 pF discharged through 8 1.5 k@ resistor.
3 hitp://ww.national.com

bias current varies directly with clock frequency and has




F unctional Description
plexer: The device contains an 8-channel single-end-
#u palog signal multiplexer. A particular input channel is
ed an by using the address decoder. Table | shows the
act ates for the addrees lines to select any channel. The
jnput §! is latched into the decoder on the low-to-high tran.
latch enable signal.
gion ofthe address (CE LEy e =9

SELECTED
ANALOG CHANNEL
| ANALCE

INO
IN1
IN2
IN3
IN4
INS
ING
IN7

ADDRESS LINE

TIITIrCrrrr|o
TTrrIIr-|@
TrIrIrIr|>

[VERTER CHARACTERISTICS

The Converter ” :
The heart of this single chip data acquisition system is its 8-
pit analog-to-digital converter. The converter is designed

to $
wldgew: m:a:t. a'ccura-e. and repeatabls conversions over a
e ma?o (o] tgmperatures. The converter is partitioned
el I sections: the 256R ladder network, the succes-
apprc':x_lma\'.on regleter, and the comparator. The con-

verter's digital outputs are positive true, .
'orc:r.'ihssﬂ Iadder‘network approach (Figure 1) was chosen
8 conventional R/2R ladder becauss of its inherent

monotonicity, which guarantess no missi i
A J sing digital codes.
léﬁ:;otonici&y is particularly important in closed loop feed-

control systems. A non-monotonic relationshi
p can
cause oscilllations that will be catastrophic for the system.

Additionally, the 266R network does not cause load varia-
tions on the reference voitage.

The tgottorn 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
fqll-scale points of the transfer curve. The first output tran-
sition occurs when the analog signal has reached + 1/, LSB
and succeeding output transitions occur every 1 LSB later
up to full-scale.

The succassive appraximation ragister (SAR) performa 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 example of a 3-bit converter. In the
ADC0808, ADCO0B09, the approximation technique is ex-
tended to 8 bits using the 256R network.

CONTROLS FROM S.A.R.
1
O e T ¥ i
1%R 1;
R i: ° °
:r—— . 3 °
R :: " . ° S
< 10
ATOR
2588 : ® o ° fﬂom'kn
o N
R i ¥ ;
° L4 bt
>
< ° ®
R o
>
‘4{— o
%P
<
G
TL/H/B6672~2
REF(-) O=

FIGURE 1. Resistor Ladder and Swi
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functional Description (continued)

s A/ID converter's sugcess‘we approximation regis!
T;AR) is reset on the positive edge of the start convegrsii:r:
(C) pulse- The conversion is begun on the falling edge of
the start conversicn pulse. A conversion In process will be
interrupted by receipt of a new start conversion pulse. Con-
tinuous conversion may be accomplished by tying the end-
of _conversion (EOC) output to the SC input. If used in this
mode, an external start conversion pulse should be applied
after power up. End-of-conversion will go low between 0
and 8 clock pulses after the rising edge of start conversion.
The most important section of the A/D converter is the
comparator. It is this section which is responsible for the
ultimate sccuracy of the entire converter. It is also the

b FULLSCALE

1 IDEAL CURVE ERROR = 1/2138

}-—ummumw =12158
NONLINEARITY = ~1/2 158
4T zen0 ERROA = ~1/4 158

o {0 2/8 38 4/0 BB 6B N
Vi AS FRACTION OF FULL-SCALE

A/D OUTPUT CODE
a

Vin

FIGURE 2. 3-Bit A/D Transfer Curve

QUANTIZING
ERROR

INPUT BV
VOLTAGE

t—

FIGURE 4. Typical Error Curve

com) i whi

tepezat;;}?nry %‘f‘f:hwmch' has the greatest influence on the
Bl mos?edf?wfie‘ A chopper-stabilized comparator
Vertar reqiramant ective method of satisfying all the con-

1?;: a?;:g:er—slahmzed comparator converts the DC input
Nh el Aaéa AC r_signal. This signal is then fed throught a
okl amplifier pnd has the DC level restored. This
e U n?t le imits the drift component of the amplifier since
bl -5 s 2 DC component which is not passed by the AC

plifier. This makes the entire A/D converter extremely

insensttive to temperat :
i i perature, long term drift and input offset

Figurs 4 aho:us a typical emor curve for the ADCO808 a5
measured using the procedures outlined in AN-179.

IHFINITE RESOLUTION
" PERFECT CONVERTER
110 +1/2138

% ziss IDEAL 3:BIY CONVERTER

8 10 | umaowssteo™} oA

[ ERROR |

5 100 1188

E ABSOLUTE

2 m ACCURACY

g mo 11158
e QUANTIZAYION

ERROA

009 Vin
8 18 218 38 4N 5B SR IR

Vi AS FRACTION OF FULLSCALE

FIGURE 3. 32-Bit A/D Absolute Accuracy Curve

REFERENCE LINE

T
| FULL
SCALE
TL/H/5672-3
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Functional Description (continued)

The A/D converter's successive approximation re
AR) is reset on the positive edge of the start convGB,:‘:,I
(SC) pulse. The conversion is begun on the falling edge of
the start conversicn pulss. A conversion in process will be
interrupted by receipt of a new start conversion pulse. Con-
tinuous conversion may be accomplished by tying the end-
ot-convarsion (EOC) output to the SC input. If used in this
mode, an extenal start conversion pulse should be applied
after power up. End-of-conversion will go low between 0
and 8 clock pulses after the rising edge of start conversion.
The most important saction of the A/D converter is the
arator. It is this section which is responsible for the
ultimate sccuracy of the entire converter. it is also the

m
[FuLLSCALE
10 IDEAL CURVE ERROA = /2 LS8
'g' 364
5 190
E o =
3 {=-noNLINEARITY 172158
) -
s -} l=-NOMLINEARITY = -1/2 138
1
O cq0 EAROA = <1/ LSE :
T
Vi AS FRACTION OF FULLSCALE

FIGURE 2. 3-Bit A/D Transfer Curve

REFERENCE LINE
QUANTIZING "
:nnnn{ U . | F{m
INPUT BV
VOLTAGE SCALE
TL/H/5672-3
FIGURE 4. Typical Error Curve

comy 1 +
l’epezzﬁinoit;i?‘;,m‘ch has the greatest Influence on the
Sa moste :ﬂe:(l:‘t:ie A chopper-stabilized comparator
vertar requiraments, ve mathod of salisfying all the con-
Th
sig:a?\‘gfoper-slabﬂlzed comparator converts the DC input
Nighioa Aacn AC signal. This signal is then fed throught a
tockiniaie i amplifier and has the DC level restored. This
ekt lmoné the drift component of the amplifier since
amsiior Tahl component which is not passed by the AC
Sr. This makes the entire A/D converter extremely

insensitiv 2
b i @ to temperature, long term drift and input offset

Figure 4 shows a typical e
A or curve for the ADCOR0R as
measured using the procedures outlined in AN-179.

INFINITE RESOLUTION
m PERFECT CONVERTER
110 +1/2188

u pLas IDEAL 3BI7 CONVERTER

8 1 | umaosusteo™} A

= ERROR |

5 1w -1158

E ABSOLUTE

2 m ACCURACY

g e -12158

QUANTIZATION
m ERRORA
000 Vin
/3 1/8 2/8 38 41 /8 8B IR
Vi AS FRACTION OF FULLSCALE

FIGURE 3. 2-Bit A/D Absolute Accuracy Curve
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connection Diagrams

pual-in-Line Package

Molded Chip Carrier Package

2524 23 22 21 20 19
ADD A WO 426 18l=27*
ADD B INt—427 17l=2"%sp
ADD € N2 28 16} Vagr (=)
N3y 15}=2"8
2"'usB INé 12 k277
NS =3 134=onD
N6—34 12}~ Vagr (+)
56 7 8 910 1
2815 LR LR
&
v EEELE g
5
TL/H/8672-11 %
Order Number ADC0808CCN, ADC0808CCN, TL/H/5672-12
ADC0808CCJ or ADC0808CJ Order Number ADC0808CCV or ADC0803CCV
See NS Package J28A or N28A See NS Package V28A

Timing Diagram
‘——m-—-l

START BO% Yol o
—
m—-—
ALE mj so% —
| ALE—
STADLE AODRESS ]
ADDRESS 5%
>( e
L e ™"
 —
ANALOG STABLE I
euT —
17
‘Ls' -l
COMPARATOR
L0
(INTERRAL KODE) '

— e

QuTPUT

ENADLE

E0C i i
], r—
-———'fﬁ___/_
L
mam‘___.___.—_-__-__.-—-""‘C:}.

i e e e e e e TUL/H/B672-4

FIGURE 5
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Typical Performance Characteristics

(Voc=VRer=5V)

t1Hs tH1

Vet

ouTPUT
ENABLE
tons tHo
Voo Vee
10k
QUTPUT
ENABLE

15 .
fo™ 1200 kM2
1
gz 08 A/
S /‘M &
s 1= BAU ki
B
£ v =
-1 o= 1200 kHz
~15
0 126 25 375 5
Vin "
FIGURE 6. Comparator ljy vs Viy

TRI-STATE Test Circuits and Timing Diagrams

t44, CL=10 pF

Vee
ow
ENABLE i

TA-II"C

Ta=25°C

i

ol

A

TYPICAL Rgy (k)

[

0 125 25 75 5
Viy (W
TL/H/E672-6

FIGURE 7. Multiplexer Roy vs Vin
(Vec=VRer=5V)

tH1, CL=50pF

T

90%
50%

GND

Voo
ouTPUT

N0~ o

tors CL= 10 pF

—{y

Ve
OUTPUT '?,,‘
ENABLE

GND

Voe
ouTPUT
Vou

FIGURE 8

7

1o
e o \
50%

10%
HH H
90%
§0%

ty0, CL="50 PF

L
90%
50%
10%
tHO

TUMHIBE72-6
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p“ca'ﬂons Information

ATION
OMETRIC CONVERSION

10R 208, ADC0BOO I designed as a complete Data
Tho ADCY system (DAS) for ratiometric conversion sys-

§ " fometric systems, the physical variable being
toms- 10 ' expressed as a percentage of full-scale which
m,asuf@d sarily related to an absoluts standard. The voit-
bmln;z::g the ADC0BOS is expressed by the equation
age

VIN =,_Rx_——
Vis—Vz DumAX—OMIN
vy=Input voltage into the ADC0B08
vfs=FuIl-scale voltage
Vz=2610 voltage
Dx=Data point being measured
=Maximum data limit
DNIN= Minimum data fimit

example of a ratiometric transducer is a potentiome-

sed as & position sensor. The position 9f the wiper is
L oportional to the output voltage which is a ratio of
the fun-sroale voltage across it. Since the datals represent-
edasa proportion of full-scale, reference requirements are
satiy reduced, eliminating a large source of error and cost
{'.',,many applications. A major advantage of the ADC0808,
ADC0809 ig that the input voltage range Is equal 10 mf_s sup-
range so the transducers can be connected directly
across the supply and their outputs connected directly into

the multiplexer inputs, (Figurs 9).

)]

2:3:;26(3; "t‘:lar:sducers such as potentiometers, strain
suitable' e stor pridges. Pressure transducers, etc., are
S Measunng Proportional relationships; however,
s s&:a:grs:;;s;{; muet be referred to an abeo-
or current. This mean:

:/::I? reference must be used which relates the fﬁfsifé
N age to the standard volt, For example, if

'cc=VREr=5.12V, then the full-scale range is divided into

256 standard steps. The s
sl mallest standard step is 1 LSB

2.0 RESISTOR LADDER LIMITATIONS

The vo|tages from the resistor ladder are compared to the
selected into B 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 boltom of the fadder must be conlrolied to 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
because the analog wilch ree changes frorm N-charmet
switches to P-channel switches. These limitations are auto-
matically satisfied in ratiometric systems and can be easily
met in ground referenced systems.

Flgure 10 shows a ground referenced system with a sepa-
rate supply and reference. In this systam, the supply must
e trimrmed to match the reference voltage. For instance, if
a 5.12V is used, the supply should be adjusted to the same
voitage within 0.1V.

Vee
L REF(H Lo
2 w2 DIOITAL
< 4 m:g;nom
» : Oouv THANALOG

2 NPUT
L]

. o I VN

= REF(-) Lss ® Vper Veo
I e 478V sVoo=VREFS525Y
« Ratiometric transducers

ADCESSS

TL/H/5672-7

FIGURE 9. Ratiometric Conversion System

8
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Applications Information (ontinueq)

The ADC0808 needs less than a milliamp of supply current
The to
so developing the supply from the referenca is readily ac- P and bottom fadder voltages cannct exceed V
complished. In Figure 17 a ground referenced system is &“:ngcound. respactively, but they can be symmetrically | e%?;
shown :2{:2 g::eg:t:: g\easmuPPl¥ ﬁ;jof;.n the reference. The volmgggh‘:)’ll‘l‘dgg?;;er t:an ground. The center of the ladder
buﬂe(l? amp of supply cu"': = aﬂdot: dICIf?nt drive lq supply sensitivity of the co{':/ ;near the center of the §upp|y, The
the milliamp sttt e desired bus drive, or if the LSB steps dec erter can be increased, (i.e., size of
a capamﬁv?h lﬁa:sle::es: y‘ a outputs a large napasitor system. In Figure ;;a:ead)s ‘l;y using a symmetrical reference
will SUPP'Y01 ? e gP y t::li:ll'rent as seen in Figure 12. tered about Vgg/2 since th taference is symmatrically con-
Th% laM: thes10 F out:u?sc: :acl:gr Insure stability when resistors, This system with :szasr?ler:;xer:ent ﬂt:uv{s il s
i 3 : bit to be half the size of a 5V referenc: r;cy:w:ws 4 i
AAKXT.
;'
Vee
SUPPLY Vee
W8
s PAE DIGITAL
o OUTPUT
O=— I ouv ;lgmsucen
Vinqo— ¢ GROUND
o=
r" REF(-) LS8
o 6ND Qout = V_\;L_;
ADC0808 4,75V € Vog = Veer < 525V
FIGURE 10. Ground Referenced
Conversion System Using Trimmed Supply
v&
Yee
v MsB
T +
& IGITAL OUTPUT
VReF NERt out AEFERENCED TO
VREF(+) o—{ w7 GROUND
vin { 0— e
O=1 0 i llm_
HEF(-) Ls8 QouT = Yoer
L GHD 4,75V < Voo = VREF £ 6.25V
Apcosod TL/H/5672-8
slon System with
GURE 11: Ground Referenced Conver
g Reference Generating Ve Supply
hup://www.national.com
9




Appllcatlons Information (Continued)

10-15 Ve
O

1k

; E:Vcc
REF(+)

+ 104F
soLp

Y TANTALWmR

O —> GND
. = REF(-)
FIGURE 12. Typical Reierence and Suppiy Circuit

Vee
REF(+) L
nl
<
L
° DIGITAL QUTPUT
° Qour PROPORTIONAL TO
e ANALOG INPUT
° 1.25V S VIN S 3.TBV
Ind
25v REF(-)
REFERENCE Lse
oND Ro=Rs
*Ratiometric transducers
TL/H/6672~9
FIGURE 13. Symmetrically Centered Reference
3.0 OONVFRTER EQUATIONS ' 4.0 ANALOG COMPARATOR INPUTS
The transition between adjacent codes N and N+ 1 is given The dynamic comparator input current is caused by the peri-
by: odic switching of on-chip stray capacitances. These are
Vir={ (Vigr(1y~Vrer(- [_L\!_ A ] : } connected alternately to the output of the resistor ladder/
o {(me L ] +VREF(-) @ switch trea network and to the comparator input as part of
The center of an output code N is given by: the operation of the chopper stabilized comparator.
v i N The average value of the comparator input current varies
m{wﬂm” V“EF"’)[zss tv"’s} +VREF(-) & directly with clock frequency and with vy as shown in Fig-
The output code N for an arbitrary input are the integers ure 6. ;
within the range: if no filter capacitors aré used at the analog inputs and the
aYNZVREF() signal source impedances aré Jow, the comparator input
) VHEF(-WVHEF(-)xsztMM' AcCLED) @ current should not introduce convart:fh error‘z:,l,{l la: the :r;n
where: Vin= Vol sient created by the capacitance discharge ie out be-
VIN ?ge at comparator input fore the comparator output is strobed.
VREF(+)— okags at Ref() 1f input filter capacitors aré desired for nolse reduction and
e (-)= Votags at Ref(—) signal conditioning they will tend to average out the dynamic
Vrug=Tolal unadjusled srror voitage (typically comparator input current. It will then take on the charqct:r(;
VRer(+)*+512) istics of a DC bias current whose effect can be predict
conventionally.
htg://www.national.com 10




o
-ryplcal Application

ADDAESS
DECODE
(AD4-ADIS)®

*Address latches neaded for 8085 and SC/MP Interfacing the ADC0808 to a microprocessor

o o l INTERWUPY
Vaert) Eoc INTERRUPT

VAEF(-)
ST i——bosr  mse
p A 272 > DB
M 2-3 p——p> OIS
ADD=—{A o it
-5
e _L Ancoes = 083
Apgoesa 278 f——— D12
AD2==4C 2-T}= > 081
] WMVT if—>om 158
Vee w7 [—Vin®
r— GND 5
GROUND = . :ﬂmn
% INPUT RANGE
Inaf=Vin 1

TL/H/6672-10

MICROPROCESSOR INTERFACE TABLE

PROCESSOR READ WRITE INTERRUPT (COMMENT)
8080 MEMR MEMW INTR (Thru RST Circuit)

8085 RD WR INTR (Thru RST Circuit)

Z-80 RD WR TNT (Thru RST Circuit, Mode 0)
SC/MP NRDS NWDS SA (Thru Sense A)

6800 VMAep2eH/W VMAedoR7W TRGA or TRQB (Thru PIA)

Ordering Information

—55°Cta +125°C

TEMPERATURE RANGE —AC 10+ 890 e
Error +1, LSB Unadjusted ADC0808CCN ——
£1LSR Unadjustad | ADGORGACCN ANGOR0ACEV ' J2BA Ceramic DIP
Package Outline N2oA Molded DIP_| V28AMolded Ghip Canier_| J28A Ceramc

[

hitp://www.national.com
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Physica| Dlmensions inches (millimeters)
| 140
i \_‘ 3
(15260)
_muuus
LD,
(0T
RAD
0.514-0.520
(12.06-1236)
400-19%
e S B R R UR DO R o)
RAD TYP
L)
o2 e oo
el OLAsS e E
T =10148) i v SRALANT -\‘ ™ iinm WAX
Y 0020-0.070
1— /| 0500-1.978]
ot ‘
== -] 2125
s =00 ol B 0.100:0910 0018 002 am
(R G G e M e
Ceramic Duat-in-Line Package (J)
Order Number ADC0808CCJ or ADC0808CJ
NS Package Number J28A
0.510£0.908
{129520.127)
npenoic R EEL
P HO. 1 IDENT e ol
{3839 ~26.07)
o 2.445-0.210 S50 ™w 0.125-0.165
‘%%'” (m:—w.m;) pea-s.3) {tzm) —" r_ B4 g
¥ : ) m 0.508)
- | ——
! | 7( ¥ —
ims- aom-uats i
(0.229-0.%1) : LIBL0SE
0.580 0015 SA0BL000 ORI 015-0.18
e et 2 i —~lmiom g
F——_migm-——" Wb RSV O
(e 350}
Molded Dual-in-Line package (N)
Order Number ADC0808CCN or ADC080!
NS Package Number §282
hm:l/wwmﬁonal.oom
13



Physical Dimens|ons inches (ml“imeters) (Conﬁmmd) \\

0.450 *0.008

-0.000
4015 ~
{11.43) 23:33
PIN #1 IDENT 450 x 0.045
4 1 1.
28 0.0290.003 1y, 041 001720004 -
(0.74+0.08] [0.4320.10] "
SE (125 —
[ = 7T
{ ]
O | 0.410£0,02
. ,020
O o [10.4120,51] ™"
C u|
1[0 19
| [0
T -
3 €{0257o] v _,l s |/~ SEATING PLAKE
: | < 0.020
?7'?6020] e "'[0‘5‘] MIN TYP
0.105£0.015
0,045 [2.67£0.38)
. 0.165-0.180 1yp
[4.19-4.57)
=

0.490£0.005 yp

[ 12.45%0.1 3] va8A (REY K)
Molded Chip Carrier (V)
Order Number ADCO0808CCV or ADC0808CCY
NS Package Number V28A

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL com;o;ﬂ:g;géx_r'-g’f SR;Z%HAI

DEVICES OR SYSTEMS WITHOUT THE EXPHE§S WRITTEN APPROVAL OF
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DATA SHEET

l For a complete data sheet, please also

I o The IC06 74HC/HCT/HCU/HCMOS Logic Family Specifications %
o The 1C06 74HC/HCT/HCU/HCMOS Logic Package Outlines %

‘ . The 1C06 74HC/HCT/HCU/HCMOS Logic Package Information

74HC/HCT138
3-to-8 line decoder/demultiplexer;

//————-

P‘roduct specification
File under Integrated Circ

uits, 1C06

PHILIPS

Philips
semiconductors




mico
ohloS se Product specification
: emultiplexer; i i
aline decoder/d : inverti
34081 ng 74HC/HCT138
URES . L’;?g'{“::jC/I;CTw? decoders accept three binary
it exing capability B 8;3{3;? '"Pults (Ag, Aq, Az) and when enabled,
A L ex i Y,
: ;emple & anable for easy expansion Y. Y exclusive active LOW outputs (Yg to
’ U i “ n
o 1 memory chip select decoding '{_ge 1 28_ features three enable inputs: two active LOW
0 ow mutually exclusive outputs 18nd E3) and one active HIGH (Ej). Every output will be
, Aclive L A HIGH unless E and E; are LOW and Ezis HIGH.
ility: stanaar . .
, output capability: § This mlfltlple enable function allows easy parallel
category: Mmsl expansion of the “138" to a 1-0f-32 (5 lines to 32 lines)
o lcc decoder with just four “438" ICs and one inverter.
eNERAL DESCRIPTION The "138" can be used as an eight output demultiplexer by
G!

HCT138are high-speed Si-gate CMOS devices
e 7‘:: ;:\ compatible with low power Schot?ky TTL
‘(‘{‘gﬁn. They are specified in compliance with JEDEC

standard no. 7A.

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=0V; Tamb = 25°C; t,=t%=6ns
TYPICAL -
SYMBOL PARAMETER CONDITIONS = o

propagation delay CL=15pF; Vec =5V N . !
tont/ teLH Anto Y_n = 8 i
top/ tpLH Esto Yn

e 3.5 3.5 pF

G input capacitance . 3 -
Crp power dissipation capacitance per package |notes 1 and 2
Notes

. . . ] W :
1, Crp s used to determine the dynamic power dissipation (Pp in kW)

Po= Cpp X Voc? x fi + & (CL X Vec? X fo) where:
fi= input frequency in MHz
fo = output frequency in MHz
% (CL x Vo2 x f,) = sum of outputs
C, = output load capacitance in pF
Vec = supply voltage in V

2. For HC the condition is V; = GND to Vec

For HCT the condition is Vj = GND to Vec — 1:5V

ORDERING INFORMATION

86 “74HG/HCT/HCUMOMOS Logic Package Informatior

September 1993




V R

oS semiconductors

R Product specification
ine decoder/demultipi 4 '
3.t0-8 line Iplexer; invertin
' g 74HC/HCT138
/
pIN DEscRIPTION
“NNO. SYMBOL NAME AND FUNCTION
72,3 Aoto A address inputs
45 Es, E2 enable inputs (active LOW)
: Ej enable input (active HIGH)
; END = ground (0 V)
45,14, 13,12,11,10,9, 7 YotoY7 outputs (active LOW)
_1,6/ Vee | positive supply voltage
—
"D U ] vee § ————Ap Yolo— 15
A'E Evo 22— Aq 710—14
1[5} 12 ¥4 3 Az Yalo—13
S IR =12 L i
£ 5] 12} % Va0t
! v - —
vﬂ E E ;‘ 4 - E‘l Y5 0— 10
7 E E ] 5 ___J—e@ ? o— 9
aHo [ 1] 6 z Vs o—7
7203227 A ;
MLB312
Fig.1 Pin configuration. big2 oo aymbok
1foy ox opiE '2 T-;;;V:: PZ' ] j
2 0 14 = 2
2| o 14 1 |Ao — ol
a1 ¢ ;ﬁ — 2% Ay awa | oms
: ﬂ 3 >_‘ 2 DECODER | ] EXITING |
A A = Bl L
AN & 6 N0 Lh i 5 >-% 23
N ot .:..l:- ev 6 : ¢
0_ 7 ;.]. e 7 J— _'
7256536 s
7293229.2 (B L
(@ &
Fig.4 Functional diagram.
Fig.3 IEC logic symbol- L__//"f

e

September 1593
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ohlipS gemiconductors

— Product specification
3-t0-8 lin€ decoder/demultiplexer; inverting

- 74HC/HCT138

FUNCTION TABLE

INPUTS

= oy
Ef Ez Es Ao A Az Yo \7 ¥ 7 TPUT—S —

X X X X X H m Hz Va | Va | Vs | Vs | Y
e X X | X ] H o)A e | B | H O} M
o L X X X i H : sl | H | H H

L | H L L L L H H . H i 2 -
e H H L L H i H H | H | H]|H
3 L H L H L i % fc H H H H H
b T LR R ST e B o e I R o
e 4|t AP ) M o ;
L L H H L H H H H H H L ¢ +
(. H L H H H H @l el 10 | H E }
Aol H H H H H H H | H H H H T

Notes

1. H=HIGH voltage level
L =LOW voltage level
X =don't care

Az Ay Ao g O &
¥
L 11 1 1
7 Vg ¥s Ya Y29 Y2 oY
2283331,

P Fig.5 Logic diagram.

R IR

September 1993



V R

1S Semioonductors

‘ i — Product specification
-8 line decoder/demultiplexer: inverti
o g " merg 74HC/HCT138
.
| )G CHARACTERISTICS FOR 74HC
. Forthe DC characteristics see “74HC/HCT/HCU/HCMOS Logic Family Specifications”
: capability: standard
I category: MSI
AG CHARACTERISTICS FOR 74HC
GND=0VJtr=tf=6"S; CL=50pF
T | Tamb (°C) TEST CONDITIONS
RAMETER = EFORMS
PA UNIT WAV
SiMoot +25 ~40t0 +85 | —40 to +125 \(’3;:
min. | typ. | max. | min. | max. | min. | max.
. 41 |150 190 225 2.0
I | propagation ey 15 |30 38 45 |ns |45 |Fige
IPHLTRLA | A to Y 12 |26 33 38 6.0
= ; 47 |150 190 225 2.0
i | propagation delay 17 |30 38 45 |ns |45 |Figs
[ | EstoYn 14 |26 33 38 6.0
47 | 150 190 225 T
8 | propagation delay 17 |30 38 45 |ns |45 |Fig7
i | EnoY 14 |26 33 38 6.0
19 |75 95 110 20 |_
output transition 7 |15 19 22 |ns |45 |Figs6and?
/T | fime 6113 16 19 6.0

September 1993



,V R EEEEEEE—

oS gemiconductors
f — Product specification
~ gio-8line decoder/demultiplexer; inverting

— 7T4HC/HCT138

i o cHARACTERlSTICS FOR 74HCT
I G characteristics see “74HC/HCT/H i
g For the D : CU/HCMOS Logic Family Specifications”,
 output capability: standard

e category: MS

Note to HCT types

The value of additio_nal quiescent supply current (Alcc) for a unit load of 1 is gi . T
determine Alcc Per input, muitiply this value by the unit load meﬁcien?fslxés\fvsz:\;re\:rzz gglfeatr:;lg:pemﬁcatmns, "

INPUT UNIT LOAD COEFFICIENT

1.50
1.25
1.00

omr

AC CHARACTERISTICS FOR 74HCT
GND=0V,; tr=t= 6 ns; C_ =50 pF

SIS

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | y.. | WAVEFORMS
+25 —40 to +85 | —40 to +125 (\3)6
min. | typ. | max. | min. | max. min. | max.
7 tion delay ;
/ P oBags 20 |35 44 53 |ns |45 |Fig$
to/ trLH A, to Y,
M | propagation delay 18 |40 50 60 |ns |45 |Fige
E3 tO Yn
BN | propagation delay 19 |40 50 60 e |45 |FioT
Ento Yn
trut tru :“tp”t transition 7 |15 19 2> |ns |45 |Figs6and7
me

September 1993
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Waveforms showing the address in

oS semiconductors
Product specification
340-8 line decoder/demultiplexer; inverting
_ 74HC/HCT138
AC wAVEFORMs
Agq Eg INPUT ‘{" )
tPHL: o
5 ¥, OUTPUT Vg
| (1) HC . Vi = 50%; Vi = GND to Vee:
| HCT: Vi = 13V:V;=GNDto 3 V. Siisas ey = =
!Tw

put (An) and enable input (E3) to output (Yy) propagation delays and

Fig.6 Wing:
‘ the output transition times.
3
T T
Ep.Epmeur Ryt
tPHL toLy
¥, OUTPUT v
7203233 tTHL [: ..l tTLH

(1) HC : V= 50%; Vi = GND to Vce.
HCT: Vu=1.3V; V;=GND to 3 V.

Fig.7 Waveforms showing the enable in
times.

put (En) to output (7,,) propagation delays and the output transition

PACKAGE OUTLINES

See ‘74HC/HCT/HCU/HCMOS Logic Package Outlines’.

September 1993
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LM555

Timer
General Description

g LM555 is @ highly stable dgvice for generating accurate
time delays oF oscillation. Additional terminals are provided
fortriggering OF resetting if d'esired. In the time delay mode of
operation, the time is precisely controlled by one external
resistor and capacitor. For astable operation as an oscillator,
he free running frequency and duty cycle are accurately
controtied with two external resistors anq 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.

July 2006

lawil SSSINT

Features

® Direct replacement for SE555/NE555

® Timing from microseconds through hours

® Operates in both astable and monostable modes
B Adjustable duty cycle

B Output can source or sink 200 mA

m Output and supply TTL compatible

B Temperature stability better than 0.005% per °C
m Normally on and normally off output

® Available in 8-pin MSOP package

Applications

m Precision timing

@ Pulse generation

@ Sequential timing

Time delay generation
Pulse width modulation
Pulse position modulation
Linear ramp generator

Schematic Diagram

l O\ ~
Vec O—
e B2
1%

A<
pa
(7053

ns 08 il —
S R3
3 5 > R6 028
P S5k
1 QA2 :
k‘ ;» 2.9k
[ o
THRESHOLD ] o
az o ‘tH‘ a2
<
contRoL B (23 Vee) 35k ¢ :
VOLTAGE [ an m T
GNo O__—_J‘ e ais Q18 kq AR ) [
TRISOER, 5 o 10 |y a19 a3 mei
a1
s 2 ';:ﬁ 335
T a1 3 100 &

4
RESET ]
1 o
DISCHARGE O |

['i1]

|

- .

©2006 National Semiconductor Corporation

DS007851

00785101
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LS55

connection Diagram

Dual-in-Line Small
) Outlin
and Molded Minl Smaj Outline P:ckages
GND —'- V 8
_1' | [~ +Vcc
TRIGGER =od Toem 7
a 2 = DISCHARGE
Judity 7
OUTPUT ot Lokl
W | || == THRESHOLD
1
RESET = i 5 __ CONTROL
VOLTAGE
Top View 00785103
Ordering Information
Package Part Number Package Marking Media Transport NSC Drawing
8-Pin SOIC LM555CM LM555CM Rails MOBA
LM555CMX LM555CM 2.5k Units Tape and Reel
8-Pin MSOP LM555CMM Z55 1k Units Tape and Reel MUAGBA
LM555CMMX Z55 3.5k Units Tape and Reel
8-Pin MDIP LM555CN LM555CN Rails NOSE

..
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m Ratings (Note 2)

| l\

imu
bsowte Max Soldering |
jAerospace specified devices are required 5 g Information E
f M"":?mact the National Semiconductor Sales Office/ uak-in-Line Package o
ﬁ%mfg {or avallability and specifications. Soldering (10 Seconds) o
S ; i
p Voltage +18V mall Outline Packages e
ef pissipalion (Note 3) (SOIC and MsoP)
OZIM s LM555CN 1180 mw :/apor Phase (60 Seconds) 215°C
55CMM 813 mW o ::\:a;:g (15 Seconds) 220'C
- IAS %
opoeind Temperature Ranges R Rer“r;?f’e Mounting Methods and Their Effect
c 0°C to +70°C iability” for other methods of solderi
55 . surface mount devices L
gorage Temperature Range -65'C to +150°C :
Emtrical Characteristics (otes 1, 2)
M= 25C, Voo = +5V to +15V, unless othewise specified)
parameter Conditions
L‘mits Units
LM555C
/ Min Typ Max
Supply Voltag® 45 = ¥
Supply Current Vec =5V, R == 3 -
VMeois 1oV, B = 10 15
(Low State) (Note 4) e
/
Timing ErTor, Monostable
nitial Accuracy 1 o,
Drift with Temperature Ra = 1k to 100k, 50 ppm/'C
C = 0.1yF, (Note 5)

Accuracy over Temperature 15 i

Diift with Supply 0.1 %N
Timing Error, Astable

[nitial Accuracy 2.25 %

Drift with Temperature Ra, Rg = 1k to 100k, 150 ppm/°C

C = 0.1pF, (Note 5)

Accuracy over Temperature 3.0 %

Drift with Supply 0.30 %IV
Threshold Voltage s 0.667 X Vec
Trigger Voltage Ve = 15V 5 y

Voo =BV 1.67 v
Trigger Current s 05 0.9 pA
| Reset Voltage F0.0 i) ___i?_____L____,__V———-
R 0.1 0.4 mA

eset Current s e T A

i 0.1 0.25 pA
__Threshold Current (Note 6) L L

Control Voitage Level Ve = 15V 9 3133 4 v

- Voo =5Y ——3-6—"?’7‘—__'—_@‘_—_—7_—
_Pn7 Leakage Output High e R

Pin7 Sat (Note 7) 180 mV

Output Low Voo =15V l2 = 15mA 80 200 11} SO
— Output Low Veg = 4.5V, I = 45mA e =
www.national.com



LNS55

glectrical Characteristics (otes 1, 2) (Continued)

(Ta= 25'C, Ve = +5V to +15V, unless othewise specified)
/
Parameter Conditiong
Limits Units
LM555C
/
Output Voltage Drop (Low) Vee = 15V M AL i
p
. IS!NK = 10mA
e = BOMA 2.1 0.25 Vv
R : 0.75 Y
ISINK = 200mA 2 5 2'5 V
Vee =5V ' !
‘SINK = 8mA vV
Isink = SmA
g 1R : 0.25 0.35 v
Output Voltage Drop (High) Isource = 200mA, Vg = 15V 12.5 v
Isource = 100mA, V¢ = 15V 12,75 13.3 \Y
S Veg =5V 2.75 3.3 \
Rise Time of Output 100 ns
PRTORu
Fall Time of Oulpul 100 ns

Note 1: All voltages are measured with respect to the ground pin, unless otherwise specified.

Is given, however, the typical value is a good indication of device performance.

resistance of 106'C/W (DIP), 170°C/W (§0-8), and 204'C/W (MSOP) junction to ambient.

Note 4: Supply current when output high typically 1 mA less at Ve =5V.

Note 5: Tested at Voo =5V and Vgg = 15V.

Mote 6: This will determing the maximum value of R + Ry for 15V operation. The maximum total (R + Re) is 20MQ.

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 military LM555H and LMS55J versions for specifications.

S

Www.national.com

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 guarantes specific performance fimits. Electrical Characteristics state DC and AG 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

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




ch Characteristics
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Ty Minimuim Pulse Width
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s H
g WL L r=s26C
=z 0T /
5 08 [ 4
Ew T
q 08 T T=+25°C —
2 (OB
§ 04 HT T
2 03 FTT
2 o,
£ o i
o1 [ BEE
0 0.1 02 03 0.4
LOWEST VOLTAGE LEVEL OF TRIGGER PULSE (X V¢c)
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High Output Voltage vs.
Output Source Current
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Low Output Voltage vs.
Output Sink Current
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SUPPLY CURRENT (mA)
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Supply Current vs,
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Low Output Voltage Vs.
Output Sink Current
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Typical Performance Characteristicg (Continued)

Output Propagation Delay vs,

Voltage Level of Trigger Pulse

U ‘
T=+25'C [ [
——

/

Ve = 6.0V /
V.

vy 4
4// Vee =10V, 15V

0 0.1 0.2 0.3

LOWEST VOLTAGE LEVEL OF TRIGGER PULSE (X V¢c)
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Discharge Transistor (Pin 7)
Voltage vs. Sink Current
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PROPAGATION DELAY (ns)

Qutput Propagation Dela
y Vs.
Voltage Level of Trigger Pulse
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Discharge Transistor (Pin 7)
Voltage vs. Sink Current
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/’_f—onation
ications In

,;oNos # operation, the timer functions as a one-shot
o external capacitor s initially held discharged
e 1 st inside the timer. Upon application of a nega-

yrans Jise of less than 1/3 Ve to pin 2, the flip-fiop is

bye . _
Jetﬂg‘-':{,om releases the short circult across the capacitor
ﬁv&hr‘ifles the output high.
+5V 70 +15V
— RestT I Vee
l T_ 8
TRIGGER | , |o1scHARGE
LY o—1° .
-o:"":sm i
LMES5 A THRESHOLD
I - CONTROL
b ourrur 3 ¢ |VOLTAGE :
1
HORMALLY D g,
-m"lD'W§ I : jam
n—
00785105
FIGURE 1. Monostable

The voltage across the capacitor then increases exponen-
fallyfor a period of t = 1.1 Ra C, at the end of which time the
volage equals 2/3 V¢c- The comparator then resets the
fip-flop which in turn discharges the capacitor and drives the
oufput to its low state. Figure 2 shows the waveforms gen-
arated in this mode of operation. Since the charge and the
iveshold level of the comparator are both directly propor-

fional to supply voltage, the timing interval is independent of
supply.

/ /
00785108
Yoo=5v Top Trace: Input 5V/Div.
THE=0.1msDIV.  Middle Trace: Output 5V/Div.
=tk Bottom Trace: Capacitor Veltage 2V/Div.
C=001yF

FIGURE 2. Monostable Waveforms

m"\g the timing cycle when the output is high, the further
sm?:lsm a a trigger pulse will not effect the circuit so long
flgger input is returned high at least 10uS pefore the
ofthe timing interval. However the circuit can be reset

4.

during this time

the appli -~
reset terming| y Pplication of a negati
o et ‘r,(pln 4). The output wil then remar oy e =
When th 'dger pulse is again applied n in the low &
€ reset function . :
be connected to Is not in use, it is recommended that

triggering, cc 10 avoid any possibility of false

Figure 3 is a
nomogral 3 i |
values for various tinge 521;;; T
NOTE: In monostable o

high before the end of 1O e trigger should be driven

timing cycle.

100

10

1

0.1

€~ CAPACITANCE (u:F)

001

0.001
1013100 us1 ms10ms100ms 1s 10s 100s

tg = TIME DELAT

00785107

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 freerun as a multivibrator.
The external capacitor charges through Ra + Rs and dis-
charges through Rg. Thus the duty cycle may be precisely
set by the ratio of these two resistors.

= T— Wes
|

|

I Aa
|

P (] (]
L

| Rg
I LMSSS 6

| ;

— e e

?m

00785108

FIGURE 4. Astable

the capacitor charges and dis-

Vec. As in the triggered
en 1/3 Vec and 2/3 Voo =
chaégeihbeet:rvlearge and discharge times, ant?atr;erefore
;Tr]:qjéncy are independent of the supply VO ge.

In this mede of operation,

wwW.national.com
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ApP“cat'ons Information (continued)

Figure 5 shows the waveforms generated in this mode of
operation:

3
VI NA NS
' G \/
00785109

Vo =8V Top Trace: Output 5V/Div.
TIME = 20ps/DIV. Bottom Trace: Capacitor Voltage 1V/Div.
Ra= 3.9kQ
Ag = 3k
C= 0.01HF

FIGURE 5. Astable Waveforms

The charge time (output high) is given by:
t, = 0.693 (Rx + Rg) C
And the discharge time (output low) by:
t, = 0.693 (Rg) C
Thus lhe total period is:
T=1, +1,=0.693 (Ra +2Rg) C
The frequency of oscillation is:

1.44

1
o e = seme—
] T (Ra+2Rp)C
Figure 6 may be used for quick delermination of these RC
values.
The duty cycle is:

100
10 P AN ™ e
T \ \
&
8 1N el
= 2 2 7
< & &) 7 7z,
= 8. \% N, \%. \%
= P & 2 N
2w AN \ &
o
w 0.01 1 X
(Ra +2Rs) \
0.001 I

01 1 10 100 1k 10k 100K

¢ — EREE-RUNNING EREQUENEY (W)
00785110

FIGURE 6. Free Running Frequency

..
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FREQUENCY DIVIDER
The monostable circuit

duerioy divider by adiusing 1 e e Lo, o0 88 8 fre-

sting the | imi
Figure 7 shows th g the length of the timing cycle.
i e waveforms generated in a divide by three
o . 1
L] : |4
=
Vee =5V Top Trace: Input 4V/Div. Ry

TIME = 20ps/DIV. Middle Trace: Output 2V/Div.

Ra =9.1kQ Bottom Trace: Capacitor 2V/Div.
C =0.01pF

FIGURE 7. Frequency Divider

PULSE WIDTH MODULATOR

When the timer is connected in the menostable 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.

’Vcc
Ra
4 []
DISCHARGE
TRIGGER O—2 1}
0
s Be THRESHOL
100ULATION
INPUT
ouTPUT O——13 5 c
1
=
00785112

FIGURE 8. Pulse Width Modulator




ns information (Continued)

|icati0

E N e e i
N L
e I NS NA
L1 E
L 3
|1 ¥
3 e j [~
E[H: i
; 00785113
4 jon 1V/Div.
Top Trace: Modulation Ve = BV oomesits
Y cc= Top Trace: Modulation | i
Voo ® Bottom Trace: Output Voltage 2V/Div. ¥ nput 1V/Div.
.02 mleIV~ ;I;IME =0.1 ms/DIV,  Bottom Trace: Output 2V/Div.
| o ootk NEIED
HA’
c=o.01IJF Rp = 3kQ

C = 0.01yF
FIGURE 9. Pulse Width Modulator

FIGURE 11. Pulse Position Modulator

| 52 POSITION MODULATOR
THis application uses th_e timer conngc’teq for lastalzle operra(; LINEAR RAMP
o, 5 1 Figurﬁ o tv::rr:ﬁ?\:; ?r?;amg: ESStiggigr;va;iih When the pullup resistor, R,, in the monostable circuit is
e ; : .
A 1. since the threshold voltage and hence replaced by a constant current source, a linear ramp is
femodulating Elgné, generated. Figure 12 shows a circuit configuration that will

delay is varied. Figure 11 spowg the waveforms
:]:nggfed forya triangle wave modulation signal.

;ff 4T'—O Vee

Ra
TRIGGERO— 2
4 ]
2 7

M55 6

perform this function.

™

QUTPUT O—

UTPUT 0= 3 §}—0 ¢

-

ooTesiis

00785114

FIGURE 12.

FIGURE 10. Pulse Position Modulator orms generated by the linear ramp.

Figure 13 shows wavef
The time interval is given by:

2/3VecRe(R1 * R2)C

= Ry Voo - Vee (B + 2

\\ www,national.com
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App“cations Information (continued)

Y FEUTY FETE
-H-H AT, T
——
S

Zall:

W

00785117
o= 5V Top Trace: Input 3V/Div.

TICME = 20ps/DIV. Middle Trace: Output 5V/Div.

Ry = 47K Bottom Trace: Capacitor Voltage 1V/Div.
Rz = 100kQ

Re= 2.7kQ

¢ =001 uF

FIGURE 13. Linear Ramp

50% DUTY CYCLE OSCILLATOR

For a 50% duty cycle, the resistors R, and Ry may be
connected as in Figure 14. The time period for the output
high is the same as previous, ty = 0.693 R, C. For the output

jowitista =
Rg — 29;\]
[(RAHE)/(HA + Rg)} C ¢én {———'—‘ZRB — P

Thus the frequency of oscillation is

et

Www.national.com

10

+Vee
Ra
5
rl s znz’k 1k
2 7 "
LMES55 ]
QUTPUT Qe :
3 5 c
1 = 0.01uF
ﬂ.ﬂluF_]

00785118
FIGURE 14. 50% Duty Cycle Osclilator

Note that this circuit will not oscillate if R is greater than 1/2
R, because the junction of Ra and Rg cannot bring pin 2
down to 1/3 V¢ and trigger the lower comparator.

ADDITIONAL INFORMATION

Adequate power supply bypassing is necessary to protect
associated circuitry. Minimum recommended is 0.1pF in par-
allel with 1uF electrolytic.

Lower comparator storage time can be as long as 10Us
when pin 2 is driven fully to ground for triggering. This limits
the monostable pulse width to 10us minimum.

Delay time reset to output is 0.47ps typical. Minimum reset
pulse width must be 0.3us, typical.

Pin 7 current switches within 30ns of the output (pin 3)
voltage.
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patent licenses are implied and National reserves

National does not assume any responsibility for use of any circuitry described, no circuit
the right at any time without notice to change said circuitry and specifications.

For the most current product information visit us at www.national.com.

DEVICES OR SYSTEMS

LIFE SUPPORT POLICY
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pM74LS245
3.STATE Octal Bus Transceiver

General Description Features

These octal bus transcelvers are designed for asynchro- BB
e iwo-way communication between data buses, The p:(?;::,c:ma‘ Esjuaecevartin ) hiotdegaty 20 pin

control function implementation minimizes extern:

2 al iming @ 3-STATE outputs drive bus lines directly
The device allows data transmission from the A Bus to the B PNP inputs reduce DC loading on bus lines

8 Bus o from the B Bus to the A Bus depending uponthe Hysteresis at bus inputs improve nolse margins
Jogic leve! at the direction contro! (DIR) input. The enable B Typlcal propagation delay times, port-to-port 8 ns
input (G) can be usad to disable the device so that the B Typical enable/disable times 17 ns

buses aré effectively Isolated. | 1o (elnk current)
24 mA
B Ioy (source current)
-15mA
Ordering Code:
Order Number Package Number Package Description
‘ DM74L3245WM M20B 20-Lead Small Outiine Integrated Circuit (SOIC), JEDEC MS-013, 0.300 Wide
DM74LS2458J M20D 20-Lead Small Outiine Package (SOP), EIAJ TYPE Il, 5.3mm Wide
DM74LS245N N20A 20-Lead Plastic Dual-in-Line Package (PDIP), JEDEC MS-001, 0.300 Wide
Devices also avallable in Tepe and Reel. Specify by appending the suflix letter “X" to the ordering code.
Connection Diagram Function Table
ENABLE

Vccﬁmuzuunsasmu
l:o lw 1. |7 |1o ]15 |u ln lu 11

B Datato ABus
A Datato B Bus
{solation
A} ) V7/ V7/ V7 27
v H = HIGH Leve!
= ~ L=LOW Level
X = Irelevant
A A 7\
I E B I ] gl | | o 10
LB o\ VR R R piANR
L oo airchildsernl.com

©2000 Fairchild Semiconductor Corporation DS006413

-
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g Absolute Maximum Ratingsmote 1)
‘B supply Voltage v
< |nput Voltage Note 1: The “Absolute Maxim *
_— thi um Ralings' th
S| oRod |, Eeytaw i oo i
(=] AorB iy onmaicics tablesaro el ks dfoud b o i
. on " s.
Operating Free AIf Temperature Range  0°Cto+70°C for actual device opemf“na Conditons’ tabl vl defn the conditans
gtorage Temperature Range -65°C to +150°C

Recommended Operating Conditions

symbol Parameter Min Nom T Iy
Ve Supply Vottage 75 5 % 7
—VlH. HIGH Level Input Voitage 2 v
Vi LOW Level Input Voltage o8 v
5 o HicHiLeval Output Curot =5 =
L oW Level Output Current 23 =
TA Free Alr Operating Temperature 0 70 C

Electrical Characteristics
over recommended operating free alr temperature range {unless otherwise noted)

™vp
Symbol Parameter Conditions Min (Noto2) Max Units
Vi Input Clamp Voltage Voo = Min, | =-18 mA 15 v
HYS Hysteresis (V1. ~ vr.) Vo =Min 0.2 04 v
VoH HIGH Level Veo =Min, Vig = Min 27
Output Voltage Vi =Max, lon= -1mA J
Voo = Min, Vi =Min o v
Vi =Max, lon = -3mA
VCO =Min, VIH =Min
Vi =05V, lop =Max
VoL LOW Level Ve =Min ; o
Output Voitage
lozH Ofi-State Output Current,
HIGH Level Voltage Applled
loz Of-State Output Current,
LOW Level Voltage Applled
i Input Current at Maximum
Input Voltage
[ HIGH Level Input Current
I LOW Level Input Current
los Short Circuit Output Current
lec Supply Current

Note 2: All typicais are atVee =5V, TA-25'C-

cond duration
Note 3: Not more than one output should be shorted at @ gime, not to exceed 019 se

www.fairchildsemi.com



_
switching Characteristics
Vee= sV, Ta= 25°C

Parameter

symbo!

Conditions

Propagation Delay Time,

tH
LOW-to-HIGH Level Output

_——"Propagation Delay Time,
HIGH-IO—LOW Level Output

——|Output Enable Time
to LOW Level

(= Output Enable Time
to HIGH Level

Cy =45 pF
RL=667Q

12

Units

12

ns

40

T Output Disable Time
from LOW Level

‘Output Disable Time

C =5pF
R =667Q

ns

torz
from HIGH Leve!
toH Propagation Delay Time,

LOW-to-HIGH Level Qutput

(PHL Propagation Delay Time,
HIGH-to-LOW Level Output

tozL Output Enable Time
to LOW Level

tpzH Output Enable Time
to HIGH Level

Cp=150pF
R =667

16

ns

17

ns

45

ns

www.fal

rchildsemi.com
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?-“ Physica| Dlmensions Inches (millimeters) unless otherwise noted

%

¢ 04080,
E lu.u-’r:;
o

(2 19 18 17 15 15 4 13 12 ¢

(ORAAARAER

0.304-0.01%
110009~ 10.043)

LEAD KO. 1
1DENT

LT
10.254)
0.201-0.008
ami-1a)
aom-em 0.003-0.404
o e
Tamne F’; —] A
| pie-nes
L’_’_ : SEANG
r,._ T PLAE
0.804 A
_‘_‘72___—:% “L(:;::,“'s n,:: ..g 050 0.014-0.020 yyp
= =¥ (X} -
TYP AL LEADS W ) (""" R
0.008 rvp
-l

20-Lead Small Outline Integrated Clrcult (SOIC), JEDEC MS-D13, 0.300 Wide
pPackage Number M20B
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/
physical Dlmensions Inches (millimeters) unless otherwise noted (Continued
nued)

12.6:0.10 ¢
040TYP \-v-
20

w15 Tl s
- 0]

6.340.10

78] T o 927TYP
L .—l — m m 9 10 J
i (2437YP)
e, A
PIN#1 IDENT: ] e e mm-—l L— -—\ L-o.em

D R MENDAT}

ALLLEADTIPS

S[oi[c] SEEDETALA
21 — 1.8:0.1 4

’

— N
T O B

! L_ JL_O 0152005 L 045025

1
[©Jo2@]cAl
DIVENSIONS ARE IN MILLIMETERS

NOTES: -8 TYP
A. CONFORMSTO EIAJ EDR-7320 HEGIS’I’HA“ON. -
ESTABLISHED IN DECEMBER, 1908, :
B. DIMENSIONS ARE IN MILLIMETERS.
C. DIMENSIONS ARE EXCLUBIVE OF BURRS, MOLD 0.60:0.15 \
FLASH, ANDTIE BAR SIONS. 1.25 ==
M20DRevB1
20D! .

20-Lead Small Outline package (SOP): EIAJ TYPE 1l, 5.3mm Wide
[

ackage Number M20D
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DM74L5245 3-STATE Octal Bus Transceiver

Phy$i°a| Dimensions inches (millimeters) unless otherwise noted (C
ontinued)

| 1.013-1.040
0,082 X0.030 26.73-2642)
R
0,03240.005
PIN NO. § IDENT~_ i f (0813:0.127) ) [ig]
260 £0.008 RAD
0.200
e OFTION 1 (88040427} PIN.NO. 1 1DE
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LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS

1. Life support devices
which, (a) are Intended

body, or (b) support or su

user.

Fairchild does not assume any responsibility for
Fairchild reserves the right at any time without noti

DEVICES OR SYSTEMS WITH
SEMICONDUCTOR CORPORATION. As used hereln:
or systems are devices or systems

to perform when properly
\nstructions for use provided in the {abeling,
sonably expected to result in @ significant

N20A (REV G

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

Package Number N20A

no circuit patent licenses are implied and

use of any circuitry described.d o fcations.
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%Taﬁuxﬁms CDCD“HCM, CD74HC04
lN oot goquired fro™ Harris Semiconductor 54HCT04! CD 74H CT04,

e
7- Revised June 2004

Hi
igh-Speed CMOS Logic Hex Inverter

Featil® Description
uts

, puffered I"P The  CD54HCO4,
i pmpagatlon Delay: 6ns atVgg = 5Y, CD74HCT04 logic CD54HCT04, CD74HC04 and
.Eyp':;‘s oF Ta =25°C technology to achievegg,t)?;a uum'ze silicon-gate CMOS
L ’ gates, with the low ng speeds similar to LSTTL

’ owe! ;

, panout (Over Temperature Range) integrated circuits. K" de:/gr:mum of ;t?ndard CMOS
_ gtandard OUtpULS . v eenmereess 10 LSTTL Loads LSTTL loads. The 74HCT logic familj fatlt::;tuyo:\:uld ";’9 10
, pus Driver outputs «.covrr veeee. 15 LSTTL Loads compatible with the standard 74LS logic family. y is pin

, ide Operating Temperature Range . . . -55°C to 125°C  Ordering Information

, alanced propagation Delay and Transition Times
TEMP.
, significant Power Reduction Compared to LSTTL PART NUMBER MP (OE?NGE R
LogicICs
. CDS4HCO4F3A 55t0125 |14 Ld CERDIP
0
. 2/ to 6-V Operation CD54HCTO4F3A 5510125 |14 Ld CERDIP
. High Noise immunity: Ni_= 30%, Ny = 30% of Vee CD74HCO4E 650125 14 Ld PDIP
atVec =5Y
5 CD74HC04M 5510125  |14LdSOIC
s HCT Types
. 45V to 5.5V Operation CD74HCOAMT 5510125  |14LdSOIC
. Direct LSTTL Input Logic Compatibility, CD74HC04MS6 5510126 14Ld SolC
Viu= 08V (Max), ViK * 2v M) CD74HCTO4E 55t0125 |14 LdPDIP
. CMOS Input Compatibility, h <1pA at VoL, VoH
CD74HCTO04M 5510125 14 Ld SOIC
CD74HCTO4MT -55t0 125 14 1d SOIC
CD74HCT04M8S6 5510125 14 1.d SOIC
CD74HCT04PWR 5510125 14 1d TSSOP
-N—CE'E: When ordering, useé the entire part number. The suffixes
d reel. The suffix T denotes @

g6 and R denote tape an
small-quantity reel of 250.

Pinout
CD54HC04, CDS4HCTO4 (CERDIP)
CD74HC04 (PDIP, SOIC)
CD74HCTO4 (PDIP; SOIC: TSSOP)
TOP VIEW
ITNE! 4] Vee
v [2] i3] 6A
2A |3 iz Y
7V [4] 1] 5A
3A|5 Ho] 57
(8 [@]4A
8|4

CAUmON.
w“sht.éh ;se devices are sensftive to electrostatic discharge: Us
004, Texas Instruments Incorporated 1
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m

H”
A 14
V —— Vee
i 13
# : : oA
3
2A 12
2
5y 4 ; 11
SA
5 10
3A Y
6 ; )
3 4A
7 8
GND — R\
TRUTH TABLE
INPUTS
nA nY
L H
H 15
H = High Voltage Level, L = Low Voltage Level
Logic Symbol
nA ——-‘ >>—‘ >o——‘ >o——- nY
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CD54HC04, CD74HC04, CD54HCT04, CD74HCTo4

/temajn‘\urm;ﬂngs

psolt = T Thermal Information
| Tiia0s, VO, cesmeistiges as S abERE e - oo« 5Vio7V  The
o SUPRY e Current, Ik /e Resistance (Typical, Note 1)
chLr;pv' PSR VRIS £20mA M((S%E)P;acgkage ............... 8ua (°CW)
D\odeCurrent.IOK oy e s S ook 80
pC OutP 5V orVo> Vi OISV B b e 5 o o 20mA PW (TSSOP)Package . . ...vvvussnseer 86
for VO ink Current per Output Pi Maximum Junction Temperatu Peresiiiiiniiiieas 113
Qutput Source o Sink Current per Output Pin, lo Maximum Juncti perature (Hermetic Package or Die) . . . 175°
5.05vorVo<Vec* 06Vt ot v o 25mA M on Temperature (Plastic Packa B
For Vo Ao aximum Storage Temperature Ra 98) - evc v 150°C
peVeo or Ground Curre CCOrIGND v erereerineennns 150mA  Maximum Lead Temperature (Sold:,?e SR -65°C to 150°C
(SOIC - Lead Tips Only) ng10s)...cvuunnnn.. 300°C
operaﬂng conditions
Temperalure RRT00 (TA)eis cgiieie sefe e clee edle e -55°C to 125°C
supply Voltage Range, Vce
R L A 2V to 6V
HCTWPBS ................................. 4.5V to 55V
nput of Output Voltage, VI VO corernerernecenns 0VtoVee
[nput Rise and Fall Time
o e R U T 1000ns (Max)
i o e Coak S S 500ns (Max)
T e 400ns (Max)
ON; Stresses above those listed in “Absolute Maximum Ratings” may cause permanent da to the device.
g;q ,,‘,T device at these or any other conditions above those Indicated in the operational sections of,tl;r?sg :p:clﬂce:atleo‘:clz nZIIs"l;;e:mss oyl arl opeaon
NOTE:
4, The package thermal impedance is calculated in accordance with JESD 51-7.
,
DC Electrical Specifications
TEST
CONDITIONS 25°C -40°C TO +85°C -55°C TO 125°C
PARAMETER | SYmBoL | Vi(V) o (mA) | Vee (V) | MIN | TvP [max| wiN [ wax | M [ max junis
HC TYPES
High Level Input ViH - - 15 - - 15 - 15 - v
Voltage 45 3.15 o s 3.15 - 3.15 - \
7o e W - 4.2 2 v
Low Leve! Input ViL - = 2 Z 5 0.5 7 05 ¥ g Y
Voltage 45 X E 4.35 . 4.35 - 1.35 \'
SR 18 - 1.8 |5
- { - Vv
clg‘h Level Output VoH ViH or -0.02 2 1.9 2 i 18 s e ._%—i—— " ——"\T"‘
oltage \' 2 - 4.4 - - 3
CMOS Loads it oozl 45 |44 o e
0.02 o e e e 8
=Q.! g _____——__——-—' 3 V
e e e e
TTL Loads 4 45 3.98 7 z ______———5‘34 ——:—"T——f—_——\-l—
5.2 T o | e e e ]
Low Level Ou 0.02 2 o R B L e T
Valhge t‘put VOL Vl\‘/“ or £ e ———— 0.1 = 0.1 7 0.1 _,_Y.——
IL - T B | e
SR e 0.02 6 % ___.’___._'——-__._——"' " ———_‘—'—- = . \Y)
pe = 3 .
Low Level Output - - = it (s IS _____,..—_’———'-——“_— 04 Vv
Vo“age ____———“'—-——_ e 2 0 26 < 0’33 ] e
L 4 4.5 7 _,.'_—---——”_' [ 04 \'
Loads | 0.33 =
e ___—‘—_' 3 z 0'26 - o ___-_—-_ _—______ ——
5.2 6 T = g 5 1 pA
‘? Input Leakage V . 6 7 o | L/L’——
l G I ccor L_.,_L.—-———L—-"‘
! S GND L___._




CD54HC04, CD74HC04, CD54HCTo4, CD74HCTo4

ecifications (Continued

= | TEST

CONDITIONS 250

syMBOL | Vi) [lo(mA e 40°C TO +85°C | 550
pARAMETER \ o(mA) [VecM | MIN [TvP [mAx | min C TO 1259
MAX
/vl;—' lcc Vcg or 0 6 : MIN MAX
Qu‘ﬁsoent De GND - 2 = 20 UNITS
orert__—— | IR
e
High Leve! jnput ViH 3 2 4510 | 2 B =
W 5.5 . 2 £ Vv
Towlevel Input ViL v ¢ 45t 1 - - | 08 2 o
Volage 7 55 8 - 08 | Vv
ut Vou Viyor | -0.02 45 44
H‘gh LGVel Outp ’ y - 3 44 5
Voltage Vi AL IEEaI N
CMOS Loads
3 | Output -4 45 |398( - X

High Leve p 3.84 - 37 5 v
Voltageé
TTL Loads
TowLevel Output VoL Vi or 0.02 4.5 - A 0.1 7 04 = 04
Voltage ViL i
CMoOS Loads
/—
Low Leve! Output 4 45 - - (o026 - 0.33 & 04 vV
Voltage
TTL Loads
/
Input Leakage hy Vee 0 5.5 - 04| - 1 - M | pA
Current and

GND
[ Quiescent Device lce Vce or 0 5.5 - - 2 - 20 - 40 pA
Current GND
Additional Quiescent Alce Vece - 4510 - 100 | 360 - 450 - 490 pA
Device Current Per (Note 2} | - 24 55
nput Pin: 1 Unit Load
NOTE:

2, For dual-supply systems, theoretical worst case vy =24V, Vec =55) specification is 1.8mA.

HCT Input Loading Table
INPUT UNIT LOADS
nB 1.2

NOTE: Unlt Load Is Al limit specified in DC Electrical
Speciications table, e.g. 360uA max at 25°C.

Switching Specifications Input tr, tf = 6nS

3 25°C ~aP0 10 85°C | B5°C T0125°C 5
o v x| M | MAX |UN
PARAMETER symeoL | conprions| | MV P [ MAX | MIN
Fose ! -
Do e T O (B >
Output (Figure 1) 2
‘ T RS
g /
Propagation Delay, Data Input: c‘:‘TE_F-’T'T‘T"T‘ Z
1 Sy Datalnputto | tpun. terL | CL= 1P

e
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CD54HC04, CD74HC04, CD54HTCo
/ 4, CD74HCTo4
cations Input tr, t = 6n
; M tchmg speclﬂ put i f s (Continued)
TEST vV, 259G
CC 0
kmm_sr_eg symBoL |cCONDITIONS| (v) | MmN [TvP [max -4:: C T0 85°C | 559G 10 125°G
ure 1 trLHs trHL | CL=50 IN | MAX
Transitio” Times (9 ) He b | G = S0PF 2 5 - 175 " MIN | MAX | uNiTs
T T R 85 | 18 | 110 | ns
5 19 5
/ 20 ey [ G P 2 | ns
citance ! - g 16 : -
nput 2P = ettt Ol - 9 | ns
power Dissipation Capacitance CpD - 5 B b 10 5 o | o
(Notes 3.4) L, ; - p Sl
HeT TYPES
propagation Delay, Input t0 toLH. tpHL | CL = 50PF TR T
Duiput (Figure 2) = 24 5 T
propagation Delay, Data Inputto | tpLH: tPHL Cp=15pF 5 5 = -
outputY 2 5 i 7 =
Transition Times (Figure 2) trLm, tTHL | CL = 50PF PR | T = =
[nput Capacitance C % B = - = : ks 3 2 =
Power Dissipation Capacitance Cpp 3 5 N 7 : i 10 pF
(Notes 3, 4) S - - | pF
NOTES:
3, Cppls used to determine the dynamic power consumption, per gate.
4, Pp= VCCZ fi(Cpp * Cy) where f; = input frequency, C, = output load capacitance, Vg = supply e

Test Circuits and Waveforms

fomiGns o “" ”| “" ¢ =8ns g, =6ns —=| |==

90%
RiedT 50% INPUT i
L 10% aND _ e

tri T 1™
INVERTING INVERTING
OuTRUT OUTPUT
—

~=|tpHL[<— =

FIGURE 2. HCT TRANSITION TIMES AND PROPAGATION

FIGURE 1. HC TRANSITION TIMES AND PROPAGATION
! AY TIMES, COMBINATION LoGIC

DELAY TIMES, COMBINATION LOGIC D




4.2.2 ADCO0808 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 ADCO0808 analog to digital

multiplexer.
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IN3—{1 28|—IN2
IN4—{2 27~ IN1
NG =13 26{—INO
IN6 —{ 4 25— ADD A
IN7—{5 24{—ADD B

START —16 23 1= ADD C
EOC—{7 22— ALE
275 21f—2""usB

OUTPUT ENABLE —19 20l-2-2
cLOCK =10 tol=o"3
Vee =1 18f=2"4
Vrer (+) =712 174—2"8.58
GND—{13 16— Veer (=)
27714 154=2"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 if it is not provided by the selection lines.

- CLOCK:

The conversion Process requires a clock with a specific frequency 1o 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.
- GND: This is the circuit ground.

- VREF (-): This signal defines zero scale reference for the ADC.

- INO 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.

-2Y 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 1s responsible

for reading eight receivers, now we needed a way to switch between the five ADC's

enabling one of them each time.

(7 - e \)
( 4 et LiSTatgs daely )
g * Pelestine Polytechmic University
4 o ¥ {PPU}
=2 The Librory St —
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et .
: Thfs s c.hlng can be done by using the 7415138 decoder, it takes requires three
selection lines as input and has eight possible combinations to choose from, we need only

its output line:
five of 1 put lines that are connected to the ADC's output enable signal.

- Pins Layout and Description

Yoo Yo Y1 y2 ¥3 Y4 ¥s 144
I'IS “!5 |‘l4 l13 “2 in lto 8

L

-

1 2 3 ‘ 4 l 5 & | 7 [e
A 8 ¢ GIA G2B Gi Y7 GND
\ = (¢ v = OU‘!‘PUT

SELECT ENABLE
Figure 4.8: 74LS138 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, G1:
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:
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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 manmer, 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
veg G B1 B2 B3 : 7] BS g5 87 BY

!
Izo 19 18 ‘17 ‘16 |15 ‘14 13 |12 11

% 2 2 14 s s
nL A‘1 Aiz 33 .34 al.f: A8 A7 AB  GND

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- B1 — 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 7404 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,

<o it first enters an inverter to be inverted before being passed to the PC.

e
1A} 1 14} Ve
iv(2 13]| 6A
2A (3 12| 6Y
2Y [ 4 11| 5A
3A[5
3y|e6

GND |7

Figure 4.9: 741,S04 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
(1Y,2Y,3Y,4Y,5Y,6Y).

4.2.5 LM55S Timer:
- Why using LMSSS 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

1 B
> P,
TRIGGER [enws 1 L oiscHaree
3 6
QUTPUT = x| 4= THRESHOLD
4 ol 5  CONTROL
RESET === VOLTAGE

Figure 4.10: LM555 Timer
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Figure 4.11: LMS555 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 senders in series, this option was better because the
current the same on all senders so they all send with an equal power, to solve the

temperature 1ssue, we used a high power resistor, this resistor can handle the in¢rease 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

ver, the receivers are connected in parallel, each one with a 1k 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
ver was facing multiple senders, the alternative to this option was to put each
eiver between two senders, in this way it will be facing only one sender in the opposite
ction, this reduced the interference enough.

-
® 25 8 00 6% »

3
-
o
L
-
L R R S R AR L S

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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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.

60




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.

@ 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.

|
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Figure 4.20: Cursor Options Panel
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. Click Options

This panel allows the user to set the click, right click and double click options.

RightClideQpHans

s

Figure 4.21: Click Options Panel

- Visibility Options
This panel allows the user to specify if a feature is visible or hidden.

3 Hiide Righit Click Cirele
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Figure 4.22: Visibility Options Panel

63




- Settings

This panel allows the user to change the software settings

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.




What do you want to do?
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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.

-

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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5.1 Overview

This cha : :

pter 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

The sender, receivers and resistors are mounted on a circuit board that is mounted

on the aluminum frame, each sender and recei
to reduce the interference between receivers, on the other hand each sender is placed

between two receivers so that in the opposite directio
and prevent the wrong detection.

ver is placed inside a canal in the aluminum

n it faces only one sender, this

reduces the interference
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