
SELF MOVING TROLLEY USING INFRARED SENSORS

By

SHAFAF BINTIROHAIZAK

FINAL PROJECT REPORT

Submitted to the Electrical & Electronics Engineering Programme

in Partial Fulfillment ofthe Requirements

for the Degree

Bachelor ofEngineering (Hons)
(Electrical & Electronics Engineering)

Universiti Teknologi Petronas

Bandar Seri Iskandar

31750 Tronoh

Perak Darul Ridzuan

©Copyright 2007

by

ShafafbtRohaizak, 2007



CERTIFICATION OF APPROVAL

Self- Moving Trolley Using Infrared Sensors

By

Shafafbt Rohaizak

A project dissertation submittedto the

Electrical Electronics Engineering Programme

Universiti Teknologi PETRONAS

In partial fulfillment for the

Bachelor of Engineering (Hons)

(Electrical & Electronic Engineering)

Approved:

(Dr. Mumtaj Begam Kasim)

Project Supervisor

UNIVERSITI TEKNOLOGI PETRONAS

TRONOH PERAK

JUNE 2007

11



CERTIFICATION OF ORIGINALITY

This is to certify that I am responsible for the work submitted in this project, that the

original work is of my own except as specified in the reference and acknowledgements,

and that the original work contained herein have not been undertaken or done by

unspecified source or persons.

Shafafbt Rohaizak

in



ABSTRACT

This report embodies the work done by the author for her Final Year Projecttitled 'Self-

Moving Trolley Using Infrared Sensors'. In the modern world, due to technological

advancements and increased comforts, people want to get things done very easily.

Accordingly, this project aims to ease consumers while doing their shopping. Instead of

having to manually pushthe trolley, they can make the trolley follow them around. The

self-moving trolley is activated using IR sensors. A PIC microcontroller is programmed

to enable the trolley to perform simple functions like move forward, stopping and

turning. The direction of the dc motors used is controlled by H bridge circuits. A section

of this report will be devoted to explain the results obtained after testing the designed

circuits.
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CHAPTER 1

INTRODUCTION

1.1 Background of Study

1.1.1 Infrared Discovery

The discovery of infrared radiation is ascribed to William Herschel, in the early 19th

century. Hershell published his results in 1800 before the UK Royal Society. He used a

prism to refract light from the sun and detected the infrared, beyond the red part ofthe

spectrum, through an increase in the temperature recorded on a thermometer. He was

suprised at the result and called them "Calorific Rays". The term Infrared did not appear

until late inthe 18th century [1]. A part ofthe electromagnetic spectrum can beobserved

from Figure 1.1 below.

Figure 1.1:The Light Spectrum



Infrared is an energy radiation with frequency below our eyes sensitivity, so we can

not see it. The name infra means "below red" (from the Latin infra, 'below'), red

being the color of visible light of longest wavelength. Infrared radiation spans three
orders ofmagnitude and has wavelength between approximately 750nm and 1mm. [2]

Infrared radiation is easily generated and does not suffer electromagnetic

interference, so it is nicely used in communication and control. But at the same time

it is not perfect, some other light emission could contain infrared as well, and that
can interfere during communication. Nowadays, infrared radiation finds intense
application in medical filed and even in military. Among the applications are night
vision goggles, other imaging devices, heating, communication and even for
biological systems [3]. The most common application ofthe infrared sensor is through
the application of remote controls. In this project, IR sensors are used as medium of
communication between theperson holding thetransmitter and thetrolley.

1.1.2 Basic features of PIC 16F877A

PIC Microcontroller isused inthis project as the 'brains ofthe trolley. The PIC receives

input from IR sensors and outputs logic signals of Is and Os through predetermined
ports, according to the code programmed. The outputs will control the HBridge circuits,
which in turn will control the electric motors ofthe trolley.

PIC 16F877A is chosen in this project because it is low in cost despite of its powerful

functions. Microchip Technology manufactures a variety of microcontrollers in the

PIC family that have different combinations of features. The MCU uses the Reduced

instruction Set (RISC) Architecture. The core blocks are similar to those of
microprocessor. The main difference in the MCU is that it also incorporates onboard



RAM, EPROM (for program and data storage), and peripherals which would be

externally interfaced on a microprocessor systems.

The I/O ports has bidirectional pins that can be set up for input (the MCU reads the
data on the pins) or output ( the MCU sets the value on the pins ). For output, each
pin has internal latches to continue to drive the output that is set on them by the MCU
program. Figure 1.2 shows ageneric layout ofthe architecture ofthe MCU.

One useful peripheral is the Capture/Compare/ PWM(CCP). This module allows the
MCU towatch an input until it reaches a certain value, and then take some action. It is

especially useful for implementing Pulse Width Modulation. The PWM technique is
widely used for controlling speed of DC motors. Details on the functions of the PIC

16F1877A can be found in Appendix C.
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1.2 Problem Statement

Shopping carts provided at the hypermarkets for consumers might ease the trouble of

carrying the load using baskets. However, these shopping carts can be quite difficult to

maneuver once it is fully loaded as it willbe veryheavy to push. In addition, consumers

are unable to anticipate what lies in front of themwhilepushing the trolley. Thisusually

will result to people accidentally knocking on some things or even worse, another

person while pushing their trolley. In addition to that, this contraption could especially

help the disabled people to handle their shopping carts on their own. If required, with

alterations, the prototype trolley could be extended for use in warehouses to handle

goods.

This project was initiated to offer a solution for ease of consumers while doing their

shopping in hypermarkets. The IR transmitter is carried by the shopper. The self-

moving trolley is attached with two IR receivers to detect the signal. When the shopper

moves away from the trolley in a straight direction, the receiver will send the signal to

the PIC to activate the motor control circuit. Using PWM technique, speeds of motors

will be controlled according to desired conditions.

This trolley will be programmed to face the shopper always. If the shopper turns, the

trolley will also turn to follow him/her around. This actionof turning will be realized by

the usage of two different receivers attached at the front portion of the trolley. Both

should always detectthe IR signal at all time. Thus, when the shopper turns to the left,

the signal on the right side of the trolley will not be detected. The PIC will interpret this

to control circuit for the wheel on the right only. Consequently, the trolley will turn to

the left, facing the shopper once again. Figure 1.3 (a), (b) and (c) illustrates, from top

view, the movements of the trolley depending on the movements of the shopper.
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Figure 1.3(a): Trolley at Default

In Figure 1.3(a), when the sensors are turned ON, trolley will move forward. The trolley

will follow the transmitter in a straight path until the transmitter is switched off The PIC

activates the motor control circuits to rotate both front wheels at PWM of 100%.
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Figure 1.3(b): Production of a RightTurn by the Trolley

In Figure 1.3(b), when TX moves to the right, the left receiver will not be able to detect

the signal. The PIC will activate the motor control circuit on the left side of the trolley.

Speed of MOTOR-R will be reduced to 50%of PWM and MOTOR-L will maintain at

100%. This will produce a right turn movement ofthe trolley.
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Figure 1.3(c): Production ofa Left Turn by the Trolley

In Figure 1.3(c), when TX moves to the left, the right receiver will not be able to detect

the signal. The PIC will activate the motor control circuit on the left side of the trolley

only. Speed of MOTOR-L will be reduced to 50% of PWM and MOTOR-R will

maintain at 100%. This will produce a right turn movement of the trolley. All operations

are summarized in Table 1.

Table 1: Directions ofTrolley and the Associated PWM Ratio

Direction Left

detector

Right

detector

PWM duty ratio

Left Motor Right Motor

Forward 0 0 100% 100%

Right Turn 1 0 100% 50%

Left Turn 0 1 50% 100%

Stop 1 1 0% 0%



1.3 Objectives and Scope ofStudy

1.3.1 Objectives of the Project

• To design andbuilda model of a platform resembling a trolley

• To attainknowledge in depthaboutthe PIC 16F877A peripherals and its

applications, especially the PWM technique

• To program PIC microcontroller in C language andbe ableto compile usingPIC

C Compiler Software

• To construct IR transceiver circuits that can be applicable for a distance of

approximately 1meter.

• To constructmotor controlcircuitsusing H Bridge ICs to control dc motor speed

and directions

1.3.2 Scope of Study

To implement this project, knowledge on IR sensors is essential. Many IR circuits are

studied, constructed and compared before choosing the best circuits with the desired

characteristics. Laboratory works were done on a continuous basis to attain knowledge

and understand how the IR radiation is transmitted and received.

The trolley is programmed using a PIC microcontroller, thus the scope of study would

primarily focused on PIC microcontroller and C language programming. The main

software used was the PIC C Compiler to compile the codes that have been

programmed.



Methods of how to control the speed and direction of dc motors has to be understood

fully before choosing the best method. There are many methods of controlling dc

motors, but the one preferred to be used in this project is the Pulse Width Modulation

technique. Besides that, the H bridge chip, a dual motor control IC must also be

understood in depthsince this chip is used to drive the dc motors.

133 Feasibility of the Project Within Scope and Time Frame

The first half of the project period concentrated more on the research and literature

review. Laboratory work were done to try out many IR circuits are constructed just to

familiarize the author with the operation of IR sensors. Besides that, the author also

studied extensively on PIC microcontroller to ensure complete understanding before

programming the PIC in FYP 2.

The second halfof the project has beenconcentrated on the construction of circuits and

also the implementation of algorithm for the trolley. Since most robotic designs usually

are collaborative work, the trolley design process would be better if it was a team effort.
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CHAPTER 2

LITERATURE REVIEW AND/ OR THEORY

2.1 Operations of IR Circuits

IR transmitters are used to pulsate its infrared in a certain frequency. The IR receiver

module (the TV, VCR or stereo "tunes" to this certain frequency and ignores all other

IR received). For infrared remote controls, the best frequency for the job is between 30

and 60kHz, the most used is around 38kHz. If the frequency is 38kHz, this means that

the InfraRed light emitted by IR diodes is pulsated at 36 thousand times per second,

when transmitting logic level "1" and silence for "0" [5].

To generate a 38 kHz pulsating infrared is quite easy, the more difficult part is to receive

and identify this frequency. It means that remote controls have an output pin that goes

high (+5V) when there is a pulsating 38 kHz infrared in front of it, and zero volts when

there is not this radiation.

2.2 IR transmitter

A light-emitting diode (LED) is a semiconductor device that emits incoherent narrow-

spectrum light when electrically biased in the forward direction. This effect is a form of

electroluminescence. The color of the emitted light depends on the composition and

condition ofthe semiconducting material used, and can be ultraviolet, visible or infrared

[6]. In 1955, Rubin Braunstein first person first reported on infrared emission from

11



gallium arsenide (GaAs) and other semiconductor alloys. Because the voltage versus

current characteristics of an LED are much like any diode (that is approximately

exponential), a small voltage change results in a huge change in current. Added to

deviations in the process this means that a voltage source may barely make one LED

light while taking another of the same type beyond its maximum ratings and potentially

destroying it.

Since the voltage is logarithmically related to the current it can be considered to remain

largely constant over the LEDsoperating range. Thusthe powercan be considered to be

almost proportional to the current. To try and keep power close to constant across

variations in supply and LED characteristics the power supply should be a current

source. In cases where high efficiency is not required an approximation to a current

source made by connecting the LED in series with a current limiting resistor to a voltage

source is generally used [6]. Most LEDs have low reverse breakdown voltage ratings, so

they will also be damaged by an applied reverse voltage of more than a few volts. Thus

the LED may be tested in series with a resistor on a sufficiently low voltage supply to

avoid the reverse breakdown. Figure 2.1 shows the IR LED that is used in this project.

•Jib
ft

Figure 2.1 : Close-upof a typical IR LED, showing the internalstructure [6]
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2.3 IR Receiver

Infrared sensor is one of the most basic and cheapest sensors around. The IR detector

being used is a photo detector and a preamplifier in one package. It has an ACTIVE

LOW output. Figure 2.2 shows the type of IR photo detector used in this project whereas

Figure 2.3 shows the internal structure ofthe device.

Figure 2.2: IR photo detector used (model TSOP 4138) [7]

13
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Figure 2.3: Internal Structure ofTSOP 4138. [7]

In the market there are numerous types of infrared diodes that can be use. One common

problem with infrared sensor is false triggering. This happens when the detector

accidentally detects ambient infrared from the surrounding and interprets it as an

obstacle. This problem can be solved by few methods; one is by software and another

one by hardware. In software the polling method can be use to identify which receiver is

actually detecting the correct signal. This can led to reliable detection.

By hardware, there are detectors in market which only detects infrared signal in a

specific band of frequency. Figure 2.4 shows the frequency dependence of responsivity.

This is a more reliable solution to the problem. The only problem with this method is the

transmitted infrared signal needs to be modulated at the frequency detectable by the

14



detector. Having this the infrared can be use as one of the reliable sensors at a good

distance.
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Figure2.4: Frequency Dependence of Responsivity [7]

2.4 Pulse Width Modulation ( PWM )

This technique is used to vary the duty cycle in order to control the speed of the dc

motors. PWM is a way of digitally encoding analog signal levels. Through the use of

high-resolution counters, the duty cycle of a square wave is modulated to encode a

specific analog signal level. The PWMsignal is stilldigital because, at any giveninstant

of time, the full DC supply is eitherfully on or fully off.The voltage or current source is

supplied to the analog load by means of a repeating series of on and offpulses. Theon-

time is the time during which the DC supply is applied to the load, and the off-time is

the period during which the supply is switched off. Given a sufficient bandwidth, any

analog value can be encoded with PWM. [8]

15



Figure 2.5 on the next page showsthree different levelof PWMsignals. The first figure

shows a PWMoutputat a 10%dutycycle. That is, the signal is on for 10%of the period

and off the other 90%. The middle figure shows PWM duty cycle at 50% and the last

figure 90% duty cycles, respectively.
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2.4 H-Bridge Theory

The dc motors used must be driven by the L298 Dual Full Bridge Driver IC. This

integrated monolithic circuit in a 15 lead Multiwatt circuit. It is a high voltage, high

current dual full bridge driver designed to accept standard TTL logic levels and drive

inductive load such as dc motors.
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In theory, there are four switching elements within the bridge. These four elements

are often called, high side left, high side right, low side right, and low side left

(when traversing in clockwise order).

The switches are turned on in pairs, either high left and lower right, or lower left

and high right, but never both switches on the same "side" of the bridge. If

both switches on one side of a bridge are turned on it creates a short circuit between

the battery plus and battery minus terminals. This phenomenon is called shoot

through in the Switch-Mode Power Supply (SMPS) literature. If the bridge

is sufficiently powerful it will absorb that load and batteries will simply

drain quickly. Usually however, the switches in question melt.

To power the motor, the two switches which are diagonally opposed are turned on.

The current flows and the motor begins to turn in a "positive" direction. If the high

side right and low side left switches are turn on, current flow the other direction

throughthe motorand the motor turns in the oppositedirection.

-<t

Motor Battery -+-

I

<©>
Motor

Q2 Q4?-
(Motor 33 ait tea ry

Figure 2.6: H Bridge Theory [9]
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Table 2.1: Operation of Switches in H Bridge IC

High Side
Left

High Side Lower
Right Left

Lower

Right Quadrant Description

On Off Off On Motor goes Clockwise
Off On On Off Motor goes Counter-clockwise
On On Off Off Motor "brakes" and decelerates

Off Off On On Motor "brakes" and decelerates

The last two rows describe a maneuver when the motor is "short circuited" which causes

the motors generator effect to workagainst itself. The turning motor generates a voltage

which tries to force the motor to turn the opposite direction. This causes the motor to

rapidly stop spinning and is called "braking" on a lot of H-bridgedesigns.

18



CHAPTER 3

METHODOLOGY/PROJECT WORK

3.1 Procedure Identification

The project scope of work includes laboratory experiments, computer programming,

simulations, and product design. Procedures of all the work were split into phases to

allow the author to focus on only one part ofthe project at a time. Figure 3.1 on the next

page shows the overall system of the Self Moving Trolley. It can be seen that this

project comprises ofboth hardware and software.

The hardware includes the IR transmitter and IR receiver circuits, 9V DC to 5V DC

regulator circuits and the H-Bridge motor control circuit. The software part is

programming the PIC microcontroller and simulation of the circuits using Multisim.

Integration between the hardware and software part is also the main issue in this project.

The following 5 phasesdescribed in depth the work done by the author:

Phase 1: Planning phase

Phase 1 involves the planning of a specific outline of the proposed work, requirements

and deliverables of the project. All basic requirements, background study, problem

statements, clear objectives and scope of project need to be identified and clearly

defined.

19
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Figure 3.1: Overall View ofthe System
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Phase 2: Research and Literature Review

Phase 2 encompassed of literature review and background research on the topic,

choosing a methodology and implementation process for the completion of the project.

Information regarding IR sensors, PIC 16F877A and H bridge circuits on different

samples and subjects is collected through articles, journals, books, and websites. The

best information and methods are selected based on objectives, scope of study and

relevancy ofproject.

Phase 3: Construction ofcircuits

The circuits are simulated using Multisim. When the results are achieved, electronic

components are ordered on-line or purchased through vendor catalogues. During this

phase, time is mostly spent in the Projects Laboratory to construct and test the circuits

built. Circuits are constructed initially on bread board before being implemented on

Vero boards. Figure 3.2 shows the circuits constructed. Refer Appendix A for circuit

schematics.

Figure 3.2: Circuits constructed

21



Phase 4: Programming the PIC 16F877A microcontroller

Phase 4 of the project is writing a program in C language. Firstly, a pseudo code has to

be developed to visualize how the whole system shall work. The coding is then written

based on the algorithm. PIC C compiler Software is used to write and compile the C

code written. Since the author had no background on C language programming,

consultation with lecturers are of utmost important besides self study from the internet.

After compiling, the code is burnt onto the PIC using the Warp 13 Board. Refer

Appendix for the C code written. Figure 3.3 summarizes the steps involved in

programming the PIC.

Download hex code to chip

Done

Figure 3.3: Process Flow for Programming Using PIC microcontroller

22



Phase 5 : Building the model

The body or structure of thetrolley is designed on paper to getthe exact measurements.

Structure is builtusing Perspex. Work wasdone in the workshop forovera week. The

wheels use parts from toy car.

Figure 3.4: TheModel of the SelfMoving Trolley

Phase 5: Documentation

Reports will beproduced as a requirement of the study and asa platform of discussions,

findings and future references. Thereports include Progress Report and Weekly Reports.

The final Report is viewed andchecked by the supervisor before submission to the FYP

committee.

23



3.2 Tools Required

Tools needed throughout the implementation of this project consist of hardware and

software. Below is the list of the tools needed:

Hardware:

• Warp 13 Board — the Warp 13 Board is used to burn the C code onto the

microcontroller. Figure 3.5 shows the PIC burning process.

Figure 3.5 : Burning the PICusing Warp 13 Board

Software:

• PIC C Compiler — For the C code, this project will use this software to convert

from high level language to hexadecimal machine code. Figure 3.6 shows the PICC

Compiler interface.

• Multisim — Simulations of circuits are done using this software

• ORCAD — for drawing the circuits to be included in the report. ReferAppendix for

circuit diagrams.

24
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Figure 3.6 : Compiling the C code using PIC C Software
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 Results

To operatethe sensor, the circuits have to be supplied with 9V DC. This voltage is then

regulated to 5V DC. The transmitter and receiver have to be properly aligned to enable

the receiver circuit to detect the transmitted signal. The transmitter has an LED indicator

to show when a valid transmission has been propagated. IR transmitter and receiver

have to have the same frequency for it to respond to each other.

The IR receiver circuit is actually an astable timer circuit. An astable timer is achieved

by adding resistor R2 to the circuit and configuring as shown in Figure 4.1. Trigger

terminal and threshold terminal are connected so that self trigger is formed, operating as

a multi vibrator. The period is the sum of charge time and discharge time. Since

frequency is the reciprocal ofperiod, the following formulaapplies;

(1)

From equation (1), the appropriate values of capacitors and resistors can be chosen to

design an astable timer circuit with frequency of approximately 38 kHz. By trial an
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error, the author had chosen these values of resistors and capacitors and plugged the

value into equation (1).

Ri -1.0 k ohm

R2 - 1.2 k ohm

Ci - lOnF

Using the above values into the equation to find frequency yields:

F -

T

1.44

(R1 + 2R2)C1

F - I :
T

1.44

(1K+ 2xl.2K)

= 42.35 K

- 38kHz

These values are suitable to be used. Thus it is simulated in the Multisim software.

Figure 4.1 show the circuit simulated using Multisim. The green LED lights up when

simulation starts, indicating that there is a flow ofcurrent in output pin (pin 3) of the 555

timer. An oscilloscope is connected at the pin 3 to measure the value of the output

frequency. Figure 4.2 shows the output waveform ofthe astable timer circuit.
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R2

1.2kohm

VCC

R1 S
Lflkohm >

C1

10nF

9V VCC
9V

VCC

RST

DIS

THR

TRI

CON

OUT

GND

U1

LED1

.1

LED_green ,

555 VIRTUAL

XMM1

R3

470kohm

Figure4.1: The TransmitterCircuit Which Produces 42 kHz of Signal
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Figure 4.2: Simulation Results of 42 kHz

In the above figure, the simulation results shows that the output signal produced is

42 k Hz. the waveform is produced by the 555 timer at output pin 3. The y-axis is the

voltage while the x- axis represents the time base. To obtain the frequency, we refer to
thetime axis. This is because the frequency is inversely proportional to theperiod.

From the graph, it can beseen that the period for 1 full cycle is2.4. Since thescale for

x-axis is \Q\i per division, we multiply toget 2.4 bythis 10fi perdivision. Thus:

Period is

2.4 x IOjj, /division = 2.4 x 10 -5
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Since frequency is the reciprocal ofperiod:

F = 1

Period

1

2.4 x 10 "5

41.67 kHz

42 kHz

Thus the calculation proves that the frequency produced is 42 k Hz.

After the simulation, the circuit was constructed. The below figure, Figure 4.3 shows the

green LED of regulator circuit was illuminated. This indicates that the regulator circuit

is working. The red LED indicates that the IR transmitter circuit is transmitting the 42

kHz of signal. The blue arrow shows the IR LED used. It is connected in series with the

red indicator LED.

Figure 4.3: The Voltage Regulator and IR Transmitter Circuit
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4.2 Discussion

IR transceiver circuits have to be of the same frequency value for them to operate and

communicate with each other. The IR receiver module used in this project has a carrier

frequency of 38 kHz. This is why the transmitter circuit constructed also has to

propagate signal of this frequency. In designing the transmitter circuit, exact value of 38

kHz could not be achieved. The closest value to be designed is 42 kHz. This value is

considered acceptable since the receiver has a band pass frequency that accepts signal

close to 38k Hz. The sensitivity of the receiver is however reduced but acceptable since

this project does not require long range IR transmission.

The software part was verified to be clear of error during compilation using PIC C

Compiler Software. During the development of the coding, the author had tested the

program part by part to ensure that each part is error free. The coding can be found in

Appendix B.

Since the motor control circuit did not work most probably because of hardware failure.

The wire wrapping technique could have a short circuit and causes the circuit not to

work. Although this circuit had been used and proved to work in other projects,

implementation in this project should emphasize more on the connections of the L298

H Bridge pins.
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CHAPTER 5

CONCLUSION & RECOMMENDATIONS

5.1 Conclusion

The Self Moving Trolley using Sensors is a project meant to ease the shopping

experience for customers in supermarkets. The project has been completed within the

time frame. Some of the objectives are met while some others need more modifications

for it to be achieved. The proposed modifications are provided in the recommendations

part. Below arethe conclusions thatcanbe made regarding this project:

The first objective of building a model of a trolley was achieved by building the

platform using Perspex. This is to show the inner part of the trolley, i.e. the circuits.

Furthermore, Perspex is light in weight and can easily be obtained from the Electrical

store in UTP. However, this model is not working due to hardware error. The author will

however troubleshoot and work on this issue until the day ofproject presentation.

The second objective is to learnand applythe knowledge gainon PICmicrocontroller in

this project. The author was exposed to the PWM method to control the speed of dc

motors.

The third objectivewas to learn to programin C language. In addition to that, the author

also attained knowledge on using the hardware associated with PIC, which is the Warp

13 board and Warp 13 software.
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The fourth objective is to construct IR transceiver circuits. The IR transmitter circuit

worked smoothly to produce frequency of 42 kHz. The IR receiver module used is most

sensitive to this frequency range.

The final objective is to construct motor control circuit and varying the speed. The

PWM duty ratio is varied in the C code in order to control the motor speed. From the

code compiled using PIC C Compiler, there is no error in the program.

5.2 Recommendations

Even when most objectives are achieved, the objective of making the trolley move was

not realized. Thus, concentration should be more on the hadware part since the

programming part had been verified to have no problem. Circuits could be implemented

on PCB to allows easier troubleshooting.

Since the motor control circuit did not work, in order to save time and make the trolley

move, this project could in the future uses a ready made motor controller kit. This kit

allows users to safely interface two DC motors to a host microcontroller using only 4

control lines. This will reduce possibility of error due to poor connection.

In case this contraception is to be used for long range, an IR receiver with higher

sensitivity and wider acception angle can be chosen.
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/* Shafaf Rohaizak 4310

FYP C Coding

Self Moving Trolley Using Infrared Sensors */

// This program is to control motor speed using the PWM technique

#incfude<16F877A.H>

Mises XT^NOWD^NOPROTECT^OBROWNOU^NOPUT //Configuration Fuses

#use delay(clock3= 400000) //4Mhz Clock for wait functions

char data;
void move(char data);
void forwardQ;
void leftturnO;
void nght_turn();
void stop();

void main()

{

setup_ccpl (CCPJ>WM); //Set up PWM on CCP1

setup_ccp2(CCP_PWM); ' //Set up PWM on CCP2

setupJimer_2(T2JDIV_BYj*,254,10); //setup Timer2 for4901Hz PWM

set_pwml_duty(0);

set_pwm2 duty(0);

outputJhigh(pinJ31);

output_high(pinJ)2);

//Start with duty cycle of 0%

//Start with duty cycle of 0%

//set direction for motor!

//set direction for motor2



}

while (true)

{

data=input_b();

move(data);

delay_ms(200);

}

void move (char data)

{ switch(data)

{

case 0x00: forwardQ;

delay_ms(500);

break;

case 0x01 : left__turn();

delay_ms(500);

break;

case 0x02: right_turn();

delay_ms(500);

break;

case 0x03 : stopO;

delay_ms(500);

break;



void forward 0

{

set_pwml_duty(1024);

set_pwm2_duty(1024);

}

void leftturn ()

{

set_pwml_duty(32);

set_pwm2_duty(t024);

}

void rightturn ()

{

setj>wmljiuty(1024);

set_pwm2_duty(32);

}

void stop 0

{

set_pwml_duty(0);

setj)wm2_duty(0);

i

//end of program
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ips Semiconductors Linear Products

SCRIPTION

555monolithic timing circuit isa highly stable controller capable
•oducing accurate time delays, oroscillation. In the time delay
e ofoperation, the time is precisely controlled byone external
'tor and capacitor. Fora stable operation as an oscillator, the
running frequency and the duty cycleare both accurately
rolled with twoexternal resistorsand one capacitor. The circuit
be triggered and reset on falling waveforms, and the output

;ture can source or sink up to 200mA.

VTURES

rn-off time less than 2us

ax. operating frequency greater than 500kHz

ning from microseconds to hours

jerates in both astable and monostable modes

^h output current

justable duty cycle

L compatible

mperature stability of 0.005% per °C

LIGATIONS

icision timing

Ise generation

quential timing

le delay generation

Ise width modulation

)ERING INFORMATION

DESCRIPTION

n Plastic Small Outline(SO) Package

n Plastic Dual In-Line Package (DIP)

n Plastic Dual In-Line Package (DIP)

n Plastic Small Outline (SO) Package

i HermeticCeramic Dual In-Line Package (CERDIP)

i Plastic Dual In-LinePackage (DIP)

'in Plastic Dual In-Line Package (DIP)
i Hermetic Cerdip

'in Ceramic DualIn-Line Package (CERDIP)

'inCeramic DualIn-Line Package (CERDIP)

in Ceramic Dual In-Line Package (CERDIP)

3t31, 1994 346

Product specification

NE/SA/SE555/SE555C

PIN CONFIGURATIONS

D, N, FE Packages

TRIGGER \J_
OUTPUT [£_

RESET f*

vcc

^ DISCHARGE

^_| THRESHOLD
5 1 CONTROL VOLTAGE

vcc

^J NC

]f] DISCHARGE
NC

^} THRESHOLD
3 NC
3 CONTROL VOLTAGE

TOP VIEW

TEMPERATURE RANGE ORDER CODE DWG#

0 to -+70°C NE555D 0174C

0 to +70°C NE555N 0404B

-40°C to +85°C SA555N 0404B

-40°C to +85°C SA555D 0174C

-55°Cto+125°C SE555CFE

-55°Cto+125°C SE555CN 0404B

-55°Cto+125°C SE555N Q405B

-55°Cto-t-125DC SE555FE

0 to +70°C NE555F 0581B

-55DCto+125QC SE555F 0581B

-55°Cto+125°C SE555CF 0581B

853-0036 13721



ps Semiconductors Linear Products

imer

3CK DIAGRAM

THRESH

OLD

6 O-

DIS-
CHARGE

7 O-

vcc
o

COMPARATOR

COMPARATOR

FLIP FLOP

OUTPUT

STAGE

3 6 1

OUTPUT GND

JIVALENT SCHEMATIC

THRESHOLD

TRIGGER

RESET

DISCHARGE q14

TE: Pin numbers are for 8-Pin package

St 31, 1994

CONTROL
VOLTAGE

O 5

TRIGGER

O 2

RESET

O 4

347

Product specification

NE/SA/SE555/SE555C
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ps Semiconductors Linear Products Product specification

imer NE/SA/SE555/SE555C

SOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT

Supply voltage

; SE555 + 18 V

NE555, SE555C, SA555 +16 V

Maximum allowable powerdissipation1 600 mW

Operating ambient temperature range

NE555 0 to +70 °C

SA555 -40 to +85 °C

SE555, SE555C -55 to+125 °C

G Storage temperature range -65 to+150 °C

ID Lead soldering temperature (10sec max) +300 °c

he junction temperature must be kept below 125°C for the Dpackage and below 150°C for the FE, Nand Fpackages. At ambient tempera-
iresabove 25°C, where this limit would be deratedbythefollowing factors:

D package160DC/W
FE package 150°C/W
N package 1Q0°C/W
F package 105°C/W

st 31, 1994 348



ips Semiconductors Linear Products

imer

>ICAL APPLICATIONS

.OtiiF

DISCHARGE O-

CONTROL r__
VOLTAGE °~~

THRESHOLD O- i

RB

TRIGGER c- •—<>

.61uF ±

it 31, 1994

DISCHARGE O

CONTROL
VOLTAGE

THRESHOLD O-

TRIGGER o

= C

VCC

RA
8 555 OR 1/2 556

u.
COMP

COMP

FLIP
FLOP

4

RESET

Astable Operation

Monostable Operation

351

Product specification

NE/SA/SE555/SE555C

OUTPUT rui_
OUTPUT

f =
1.49

(RA + 2RB)C

AT=1.1RC



ips Semiconductors Linear Products

r;
imer

MCAL APPLICATIONS

vcc vgc

NOTE: AH resistor values are in Q

vcc

1/3 Vcc '-

OVOLTS

/
SWITCH GROUNDED
AT THIS POINT

Product specification

NE/SA/SE555/SE555C

DURATION OF
TRIGGER PULSE AS
SEEN BY THE TIMER

Figure 1. AC Couplingof the Trigger Pulse
ger Pulse Width Requirements and Time
lys

o thenature ofthetrigger circuitry, thetimer will trigger on the
tive going edge of the inputpulse.. For the device to time out
iffy, it is necessary that the trigger voltagelevelbe returnedto
voltage greaterthan one third of the supply before the time out

i This canbe achieved bymaking either thetrigger pulse
ently short or by AC coupling into thetrigger. By AC coupling
gger,see Figure 1, a short negativegoing pulse is achieved
the trigger signal goes to ground. AC coupling is most
sntly used in conjunction with a switch ora signal thatgoes to
d which initiates the timing cycle. Should thetrigger be held
ithout AC coupling, for a longer duration than thetiming cycle
itput will remain in a high state for the duration of the low
rsignal, without regard to the threshold comparator state. This
tothepredominance ofQ15 on the baseof 016, controlling

ateof the bi-stable flip-flop, When the trigger signal then
s to a high level, the outputwill fall immediately. Thus, the
tsignal will follow the triggersignal in this case.

.31, 1994 352

Another consideration is the "turn-off time". This is the measurement
ofthe amount oftime required after thethreshold reaches 2/3 VCc
to turn theoutput low. To explain further, Q., at thethreshold input
turns on after reaching 2/3 VCc, which then turns on Q5, which turns
onQ6. Current from Q6 turns onQ16 which turns Q17 off. This
allows current from Q19 toturn onQ20 and Q24 togiven an output
low. These steps cause the 2us max. delayas stated inthe data
sheet.

Also, a delay comparable tothe turn-off time isthe trigger release
time. When thetrigger is low, Q10 isonand turns onQ^ which turns
on Q15. Q15 turns off Q16 and allows Q17 to turnon. This turns off
current to Q2o and Q24, which results inoutputhigh. Whenthe
trigger is released, Q10 andQ^ shutoff, Q15 turns off, Qi6turns on
andthecircuit then follows thesame path and time delay explained
as "turn offtime". Thistrigger release time isvery important in
designing the trigger pulse width so as not to interfere with the
output signal as explained previously.
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Microchip PIC16F87X

28/40-Pin 8-Bit CMOS FLASH Microcontrollers

Devices Included in this Data Sheet:

PIC16F873

PIC16F874

PIC16F876

PIC16F877

Microcontroller Core Features:

• High performance RISC CPU

• Only 35 single word instructions to learn

• All single cycle instructions except for program
branches which are two cycle

• Operating speed: DC - 20 MHz clock input
DC - 200 ns instruction cycle

• Up to 8K x 14 words of FLASH Program Memory,
Up to 368 x 8 bytes of Data Memory (RAM)
Up to 256 x 8 bytes of EEPROM Data Memory

• Pinout compatible to the PIC16C73B/74B/76/77

• Interrupt capability {up to 14 sources)

• Eight level deep hardware stack

• Direct, indirect and relative addressing modes

• Pbwer-on Reset "(POR)

• Power-up Timer (PWRT) and
Oscillator Start-up Timer (OST)

• Watchdog Timer (WDT) with its own on-chip RC
oscillator for reliable operation

• Programmable code protection

• Power saving SLEEP mode

• Selectable oscillator options

• Low power, high speed CMOS FLASH/EEPROM
technology

• Fully static design

• In-Circuit Serial Programming™ (ICSP) via two
pins

• Single 5V In-Circuit Serial Programming capability

• In-Circuit Debugging via two pins

• Processor read/write access to program memory

• Wide operating voltage range: 2.0V to 5.5V

• High Sink/Source Current: 25 mA

• Commercial, Industrial and Extended temperature
ranges

• Low-power consumption:

- < 0.6 mA typical @ 3V, 4 MHz

- 20 uA typical @ 3V, 32 kHz

- < 1 u.Atypical standby current

2001 Microchip Technology Inc.

Pin Diagram

PDIP

•MGLR/Vpp

RA0/AN0

RA1/AN1

RA2/AN2/VREF-

RA3/AN3A/REF+

RA4/T0CKI

RA5/AN4/SS

RE0/RD/AN5

RE1/WR/AN6

RE2/CS/AN7

Vdd

Vss

OSC1/CLKIN

OSC2/CLKOUT

ROTT10SO/T1CK)

RC1/T10SI/CCP2

RC2/CCP1

RC3/SCK/SCL

RD0/PSP0

RD1/PSP1

RB7/PGD

RBB/PGC

RB5

RB4

RB3/PGM

RB2

RB1

RB0/1NT

Vdd

Vss

RD7/PSP7

RD6/PSP6

RD5/PSP5

RD4/PSP4

RC7/RX/DT

RC6/TX/CK

RC5/SOO

RC4/SDI/SDA

RD3/PSP3

RD2/PSP2

Peripheral Features:

• TimerO: 8-bit timer/counter with 8-bit prescaler

• Timer!: 16-bit timer/counter with prescaler,
can be incremented during SLEEP via external
crystal/clock

• Timer2: 8-bit timer/counter with 8-bit period
register, prescaler and postscaler

• Two Capture, Compare, PWM modules

- Capture is 16-bit, max. resolution is 12.5 ns

- Compare is 16-bit, max. resolution is 200 ns

- PWM max. resolution is 10-bit

• 10-bit multi-channel Analog-to-Digital converter

• SynchronousSerial Port(SSP) with SPI™ (Master
mode) and l2C™ (Master/Slave)

• Universal Synchronous Asynchronous Receiver
Transmitter (USART/SCI) with 9-bit address
detection

- Parallel Slave Port (PSP) 8-bits wide, with
external RD, WR and CS controls (40/44-pin oniy)

• Brown-out detection circuitry for
Brown-out Reset (BOR)

DS30292C-page 1,



57.

. OPERATING SUPPLY VOLTAGE UP TO 46 V

. TOTAL DC CURRENT UP TO 4 A

. LOW SATURATION VOLTAGE
• OVERTEMPERATURE PROTECTION
. LOGICAL "0" INPUT VOLTAGE UP TO 1.5 V

(HIGH NOISE IMMUNITY)

DESCRIPTION

The L298 is an integrated monolithic circuit in a 15-
lead Multiwatt and PowerSO20 packages. It is a
high voltage, high current dual full-bridgedriver de
signed to accept standard TTLlogic levels and drive
inductive loads such as relays, solenoids, DC and
stepping motors. Two enable inputs are provided to
enable or disable the device independentlyof the in
put signals. The emitters of the lower transistors of
each bridge are connected together and the corre
sponding external terminal can be used for the con-

BLOCK DIAGRAM

L298

DUAL FULL-BRIDGE DRIVER

Multiwatt15

DRDERING NUMBERS

PowerSO20

L298N (Multiwatt Vert.)
L298HN (Multiwatt Horiz.)
L298P (PowerSO20)

nection of an external sensing resistor. Anadditional
supply input is provided so that the logic works at a
lower voltage.

OUTl

9
OUT2

O
+V5 -«-= OU" 0UT4

Q n™"F 0 C

+*>s

KMnF

lot

!n2

O-

EnA

Jennary 2000

SENSE AO

if*

14

Jy-Ori(TO

"3ZH<>-a:
10

T
15

O SENSE B
&-M&M2

lfl4
-O

ln3

-O

EnB

-O

1/13



L298

PIN FUNCTIONS (refer to the block diagram)

MW.13 PowerSO Name Function

1;15 2;19 Sense A; Sense B Between this pin and ground is connected the sense resistor to
control the current of the bad.

2;3 4;5 Out 1; Out 2 Outputs of the Bridge A; the current that flows through the load
connected between these two pins is monitored at pin 1.

4 6 Vs Supply Voltage 'for'the Power Output Stages.
A non-inductive 100nF capacitor must be connected between this
pin and ground.

5;7 7;9 Input 1; Input 2 TTL Compatible Inputs of the Bridge A.

6;11 8;14 Enable A; Enable B TTL Compatible Enable Input: the L state disables the bridge A
(enable A) and/or the bridge B (enable B).

8 1,10,11,20 GND Ground.

9 12 VSS Supply Voltage for the Logic Blocks. A100nF capacitor must be
connected between this pin and ground.

10; 12 13;15 Input 3; Input 4 TTL Compatible Inputs of the Bridge B.

13; 14 16;17 Out 3; Out 4 Outputs of the Bridge B. The current that flows through the load
connected between these two pins is monitored at pin 15,

- 3;18 N.C. Not Connected

ELECTRICAL CHARACTERISTICS (Vs =42V;Vss = 5V,Tj = 25°C; unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit

Vs Supply Voltage (pin 4) Operative Condition Vih +2.5 46 V

Vss Logic Supply Voltage (pin 9) 4.5 5 7 V

Is Quiescent Supply Current (pin 4) V6n = H; lL= 0 Vi-L
Vi = H

13

50

22

70

mA

mA

Ven-L Vj = X 4 mA

Iss Quiescent Current from Vss (pin 9) Ven = H; Il-0 V = L
V = H

24

7

36

12

mA

mA

Van = L Vj = X 6 mA

ViL input Low Voltage
(pins 5,7,10,12)

-0.3 1.5 V

ViH input High Voltage
(pins 5,7, 10,12)

2.3 VSS V

liL Low Voltage Input Current
(pins 5,7,10,12)

V-L -10 MA

liH HighVoltage InputCurrent
(pins 5,7,10,12)

Vi = H<Vgs-0.6V 30 100 ma

VOT = L Enable Low Voltage (pins 6,11) -0.3 1.5 V

Ven=H Enable High Voltage (pins 6,11) 2.3 VSS V

U = L Low Voltage Enable Current
(pins 6,11)

VOT = L -10 "A

len = H High Voltage Enable Current
(pins 6,11)

Ven = H:c Vss -0.6V 30 100 uA

VfjEsat(H) Source Saturation Voltage lL = 1A
Il = 2A

0.95 1.35

2

1.7

2.7

V

V

VcE98!(L) Sink Saturation Voltage Il-1A (5)
Il = 2A (5)

0.85 1.2

1.7

1.6

2.3

V

V

VcEsat Total Drop Il=1A (5)
lL = 2A (5)

1.80 3.2

4.9

V

V

Vsens Sensing Voltage (pins 1,15) -1 (1) 2 V
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Figure 5 : Sink Current Delay Times vs. Input 0 VEnable Switching.
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Figure 6 : Bidirectional DC Motor Control.

o f

1 WOnF

±

:_tl

oc
n

TO CONTROL l,s
CIRCUIT "* t

£

6/13

M

02\ \ iiU

1/2 L298N

1

~lt:
OD

U

-OV«n

Dl T0 0*:IAFASTREC0VERV «0DE<t„ 4200im)

inputs Function

Ven = H C=H;D=L Forward

C = L;D = H Reverse

C = D Fast Motor Stop

Ven=L C=X;D=X Free Running
Motor Stop

L = Low H = High X= Don't care
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L298

Figure 7 : For higher currents, outputs can be paralleled. Take care to parallel channel 1 with channel 4
and channel 2 with channel 3.
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APPLICATION INFORMATION (Refer to the

1.1. POWER OUTPUT STAGE

The L298 integrates two poweroutput stages (A; B).
The power output stage is a bridge configuration
and its outputs can drive an inductive load in com
mon or differenziai mode, depending on the state of
the inputs. The current that flows through the load
comes out from the bridge at the sense output: an
external resistor (Rsa ; Rsb.) allows to detect the in
tensity of this current.

1.2. INPUT STAGE

Each bridge is driven by means of four gates the in
put of which are In1; In2 ; EnAand In3 ; In4 ; EnB.
The In inputs set the bridge state when The En input
is high; a lowstate of the En input inhibits the bridge.
All the inputs are TTL compatible.

2. SUGGESTIONS

A non inductive capacitor, usually of 100 nF, must
be foreseen between both Vs and Vss, to ground,
as near as possible to GND pin.When the large ca
pacitor of the power supply is too far from the IC, a
second smaller one must be foreseen near the

L298.

The sense resistor, not of a wire wound type, must
be grounded near the negative pole of Vs that must
be near the GND pin of the I.C.

5i

block diagram)

Each input must be connected to the source of the
driving signals by means of a very short path.

Turn-On and Tum-Off: Before to Turn-ON the Sup
plyVoltage and before to Turn itOFF, the Enable in
put must be driven to the Low state.

3. APPLICATIONS

Fig 6 shows a bidirectional DC motor control Sche
matic Diagram for which only one bridge is needed.
The external bridge of diodes D1 to D4 is made by
four fast recovery elements (trr < 200 nsec) that
must be chosen of a VF as low as possible at the
worst case of the load current.

The sense output voltage can be used to control the
current amplitude by chopping the inputs, or to pro
vide overcurrent protection by switching low the en
able input.

The brake function (Fast motor stop) requires that
the Absolute Maximum Rating of 2 Amps must
never be overcome.

When the repetitive peak current needed from the
load is higher than 2 Amps, a paralleled configura
tion can be chosen (See Fig.7).

An external bridge of diodes are required when in
ductive loads are driven and when the inputs of the
ICare chopped; Shottky diodes would be preferred.

7/13
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Vishay Semiconductors

IR Receiver Modules for Remote Control Systems

Description
The TSOP41.. - series are miniaturized receivers for
infrared remote control systems. PIN diode and
preamplifier are assembled on lead frame, the epoxy
package is designed as IR filter.

The demodulated output signal can directly be
decoded by a microprocessor. The main benefit is the
operation with short burst transmission codes and
high data rates.

Features

» Photo detector and preamplifier in one package
• Internal filter for PCM frequency

• Improved shielding against electrical field distur
bance

• TTL and CMOS compatibility
• Output active low

• Low power consumption

• High immunity against ambient light

Special Features
• Enhanced data rate of 4000 bit/s

• Operation with short bursts possible (> 6 cycles/
burst)

Block Diagram

Document Number 82135

Rev. 10, 23-Jun-03

1 -

Parts Table

Part Carrier Frequency

TSOP4130 30 kHz

TSOP4133 33 kHz

TSOP4136 36 kHz

TSOP4137 36.7 kHz

TSOP4138 38 kHz

TSOP4140 40 kHz

TSOP4156 56 kHz

Application Circuit

iBS4a

Transmitter
with

TSALxxxx

!3Z

TSOPxxxxO
Ft = 100 Q

-cn f-o

I?
S4.7|iF

*:
6

OUT

GND
t,\ •

MC

GND

-o9
R-j + C-( recommended to suppresspower supply
disturbances.

The outputvoltage shouldnot be hold continuously at
a voltage below V0=3,3 V by the external circuit.

www.vishay.com
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hay Semiconductors

solute Maximum Ratings
= 25 UC, unless otherwise specified

Parameter Test condition

3ly Voltage {Pin 3)

sly Current (Pin 3)

iut Voltage (Prn1)

iut Current (Pin1)

tion Temperature

age Temperature Range

ating Temperature Range

;r Consumption (Tamb < 85 QC)

sring Temperature t < 10 s, 1 mm from case

:trical and Optical Characteristics
=25 °C, unless otherwise specified

Parameter

ly Current (Pin 3)

ly Voltage (Pin 3)

mission Distance

jt Voltage Low (Pin 1)

ance (30 - 40 kHz)

iince (56 kHz)

mce

ivity

shay.com

Test condition

Vs = 5 V, E, = 0

Vs = 5 V, Ev = 40 klx, sunlight

Ev= 0, test signal see fig.3, IR
diode TSAL6200, lF= 250 mA

Iql =0.5 mA, Ee=0.7 mW/m2, f
= f0, test signal see fig. 1

Pulse width tolerance: tpi - 5/f0 <
tp0 < 'pi+ 6/f0, test signal see
fig.3

Pulse width tolerance; tpi -5/f0 <
tpo < tpi + 6/f0, test signal see
fig.3

Test signal see fig. 1

Angte of half transmission
distance

Symbol

fSD

'SH

"OL

<Pl/2

Min

0.8

4.5

30

Symbol

V=

'stg

'amb

tot

•ad

Typ.

1.2

1.5

35

0.2

0.3

:45

Value Unit

-0.31o+ 6.0

mA

- 0.3 to + 6.0

mA

100 QC

- 25 to + 85 °C

- 25 to + 85 aC

50 mW

260 °C

Max Unit

1.5 mA

mA

5.5

m

250 mV

0.4 rnW/m'

0.5 mW/m<

W/m'

deg

Document Number 82135

Rev. 10, 23-Jun-03
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Vishay Semiconductors

Typical Characteristics (Tamb = 25 °C unless otherwise specified)

Optica! TestSignal
IP ri'ode TSAL6200, lF=0.4 A, N=6 pulses, f=i0, T=1G rns)

tpi •? 6flois recommended foroptimal function

i
1
I

V0 |

Voh;

Output Signal

• „ „ ! ' 3/[0 < *d <&\
j |!'! tp|--4/fo<tp0<tprh6/fo

V,OL

0.35

~0.3G
E

.c 0.25

I0'80
£ 0-15

I" 0.10
o

'a 005
o.oo

tpo2'

Figure 1. Output Function

X= 950nm,
optica! test signal, fig.1

0.1 1.0 10.0 100.0 1000.010000.0

um? Ee - Irradiance (mW/m2)

Figure 2. Pulse Length and Sensitivity in Dark Ambient

Vo

Vol.

OpticalTest Signal

Jliili; S

.___i!iiiil._._.1ii!i!L._._
I

BOO us _ • 600ias

T = 60ms

\ Output Signal, (see Rg.4)

I"!!! Ell
!iiiLLL.-_ LUiUL,..Uiiii|

Ton

Figure 3, Output Function

Document Number 82135

Rev. 10, 23-Jun-03

_ 1.0

t 0.9
£ o.a

g 0.7

I 0.6
I 0,5
I °-4
° 0.3

0.2

0.1
t:

H 0.0
0.1 1.0 10.0 100.0 't000.010000.0

nisio Ee - Irradiance { mW/m3 }

£

1.2

£ 1-0

—

1

* .*

Ton

wv;1

Toff

'./-
1*

-----

optica! test signal, fie.3._
_.

Figure 4. Output Pulse Diagram

I 0.8
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I
J
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"If j 1 •^~

i*r f = f0±5%
Af{3dB)^fo/7

uj 0.4 —

0.2

0.0

0.7 0.9 1.1

f/f0 - Relative Frequency

1.3

Figure 5. Frequency Dependence of Responsivrty

0.01 0.10 1.00 10.00 100.00

E- Ambient DCIrradiance (W/m2)

Figure 6. Sensitivity in Bright Ambient
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hay Semiconductors

0.1 1.0 10.0 100.0 1000.0

AVsRiuts - ACVoltage on DCSupplyVoltage <mV)

Figure 7. Sensitivity vs. Supply Voltage Disturbances
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Figure 8. Sensitivity vs. Electric Field Disturbances
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Figure 10. Sensitivity vs. Ambient Temperature
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Figure 11. Relative Spectral Sensitivityvs. Wavelenglh
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Suitable Data Format

The circuit of the TSOP41.. is designed in that way
that unexpected output pulses due to noise or distur
bance signalsare avoided. Abandpass filter, an inte
grator stage and an automatic gain control are used
to suppress such disturbances.

The distinguishing mark between datasignal anddis
turbance signal are carrier frequency, burst length
and duty cycle.

The data signal should fulfill the following conditions:
• Carrier frequency should be close to center fre
quency of the bandpass (e.g. 38 kHz).
• Burst length should be6 cycles/burst or longer.
• After each burst which is between 6 cycles and 70
cycles a gap time of at least 10cycles is necessary.
• For each burst which is longer than 1.8 ms a corre
sponding gap time is necessary at some time in the
data stream. This gap timeshould have at least same
length as the burst.

• Up to 2200 short bursts per second can be received
continuously.

Some examples for suitable data format are: NEC
Code, Toshiba Micom Format, Sharp Code, RC5
Code, RC6 Code, RCMM Code, R-2000 Code
RECS-80 Code.

When a disturbance signal is applied to the TSOP41..
itcan still receive the data signal. However the sensi
tivity is reduced to that level that no unexpected
pulses will occur.

Some examples for such disturbance signals which
are suppressed by the TSOP41.. are:

• DC light (e.g. from tungsten bulb or sunlight)
• Continuous signal at 38 kHz or at any other fre
quency

• Signals from fluorescent lamps with electronic bal
last (an example ofthe signal modulation is in the fig
ure below).

Document Number 82135
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16920

TSOP41..
Vishay Semiconductors

IR Signal from fluorescent
lamp withlowmodulation

10

Time (ms)
15 20

Figure 13. IR Signal from Fluorescent Lamp with low Modulation
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