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1. Introduction

Infrared, (IR) light is an invisible radiant energy with wavelengths that are longer that visible light. Its range extends from just above 700nm through 1mm, which is beyond our spectral response, hence they are invisible to human eye. In electronic circuits we usually use infrared light-emitting diodes (IR LED) as the source of infrared light; that is, as IR transmitters, and on the other side we use IR phototransistors or IR photodiodes as IR sinks or receivers. IR LED at the transmitter converts electrical signal into IR light, whereas the IR receiver coverts IR light into electrical signal. The most popular IR circuits include break-a-beam, proximity sensing, and remote control.
Break-a-beam circuit consists of a transmitter that sends IR light to the receiver and it monitors if that light has been interrupted (i.e. blocked) or not. Proximity sensing consists of an IR transmitter which emits IR light and an IR receiver that monitors the reflected IR rays.  Remote control circuit consists of transmitter that sends out an encoded signal to a receiver that is located a few meters away, and when the receiver gets the signal it decodes it and execute the command relayed, which can range from varying volume on your TV, opening and closing of doors or gates, locking and unlocking your car, to controlling a robot. 
IR link can be configured either to radiate a continuously on IR light or to work with IR light pulses. The former does not provide any immunity to ambient light and therefore will only work well indoors, where there is minimum interference from ambient light. The latter sends out IR light pulses at frequencies between 1kHz and 44kHz, and at the receiver there are some band pass selection filters that will only allow pulses at the set frequencies to pass through. This helps to minimize IR interference from other IR sources, including interference from the sunlight.
2. Break-a-beam circuits

Break-a-beam circuits usually consist of an IR transmitter that radiates a continuous IR light rays using one or more IR LEDs as shown in Figure 1 below.
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Figure 1 IR transmitter circuits
The series resistors (Rs) are used to protect the LEDs against excessive current since most of the LEDs can handle small currents, and since the brightness of the LED depends on the amount of current flowing through it, the values of these resistors also controls the brightness of the LED. Since the range is directly proportional to the amount of light radiated, the value of Rs will vary depending on the IR LED used and the range to be covered. Typical values range from 10Ω through 1kΩ. To check if your transmitter is working or not a cellphone or tablet camera can be used. The camera makes it possible to view emitted IR rays, which are invisible to human eye.
Break-a-beam receiver consists of an IR phototransistor that converts light into electrical signal as shown in Figure 2.
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Figure 2 IR receiver circuits
The basic break-a-beam receiver circuit is shown in Figure 2(a). The received infrared light drives the phototransistor into conduction and the degree of conduction depends on the amount of incident IR light and the value of the series resistor Rc. As the degree of conduction improves, the value of output voltage decreases towards zero volts. However, once the IR light is blocked or interrupted, the IR phototransistor stops conducting and goes into cut-off causing the collector current to drop to a smaller value and the output voltage increases towards the supply voltage. Using IR transmitter of Figure 1(a) with Rs = 27Ω and IR receiver of Figure 2(a) with Rc = 3M3Ω you will be able to get the circuit working up to 30cm with 3mm IR LED and 3mm IR phototransistor.
Figure 2(b) is a modified version of the basic circuit of Figure 2(a) where the output of Figure 2(a) is used to drive another NPN transistor, which is in series with Rc1. The high output from Q1 will drive Q2 into saturation, thus dropping the output voltage to a low. However, a low from Q1 will drive Q2 into cut-off, thus causing the output to be high. Thus, Q2 acts as an inverting buffer, to give you high when there is sufficient IR light at the phototransistor, and a low when the IR light has been interrupted or blocked.
Figure 2(c) replaces transistor Q2, which was introduced in Figure 2(b), with a comparator. The rationale behind using a comparator is to introduce some flexibility into the receiver. When using a transistor Q2, the threshold at which the transistor will change from cut-off to saturation and vice versa is determined by VBE of the transistor Q2, whereas the comparator allows you to set your own threshold (or reference voltage, Vref) using only two resistors R1 and R2 as follows
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In the circuit the values used are both 47kΩ to make the reference voltage to be half the supply voltage; additional to that another 47 kΩ preset has been used so that Vref can be adjusted to a value that is above or below the half of the supply voltage. The advantage of this is that you can increase the range and set a threshold that will enable your receiver to still be able to differentiate between the normal and blocked light scenarios. 

2.1. Applications of Break-a-Beam
Typical applications of break-a-beam includes point (i.e. non-continuous) level monitoring, smoke detection, intruder (or entry) detection, gate/door-way clearance detection, object counting, just to mention a few. 

2.1.1 Point level monitoring
Point level monitoring is a non-continuous level monitoring technique where level of the contents of a container are only monitored at discrete points; for example, at quarter way (25%), half way (50%), three-quarter way (75%) and full (100%). Such a system will consists of 4 break-a-beam circuits, where at each of the monitored point there is an IR transmitter on one side and an IR receiver on the opposite side. When the container is full, all the beams will be broken; 3 broken beams will mean levels between 75% and 100%; 2 broken beams will mean levels between 50% and 75%, 1 broken beam will mean levels between 25% and 50% , and no broken beam will mean levels between empty and 25%.  
2.1.2 Smoke detection

Smoke detectors use break-a-beam circuit with both IR transmitter and IR receiver mounted on the same unit. In the absence of smoke the IR light from the LED will reach the IR phototransistor and the circuit will act as normal; however, in the presence of smoke particles the amount of light reaching the receiver will be reduced, resulting in the receiver changing from one state to another. The output can either be used to drive the alarm’s master unit or to drive the buzzer directly as shown below.
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Figure 3 IR receiver alarm

During normal condition, the beam is not interrupted, the received infrared light drives the phototransistor into saturation. As the phototransistor is fully turned on, the value of its output voltage drops zero volts and so as the base of Q2. With Q2 off Q3 will also be off and the buzzer will also be off. However, once the IR light is blocked or interrupted, the IR phototransistor stops conducting and goes into cut-off causing its collector current to drop to a smaller value and its output voltage increases towards the supply voltage, which is high enough to drive Q2 on. Once Q2 switches on it extends supply voltage to the base of Q3, which will also switch on, and with Q3 on the buzzer will also be switched on to alert the occupants.

2.1.3 Intruder/entry detection

Some business cannot afford to have somebody manning the front desk and at the same time they cannot keep the front door shut because some customers can think that the business is closed for the day. So to be able to keep the door open and still be able to know when somebody has just walk in, a break-a-beam alarm is used. The IR transmitter is placed on one side of the door and an IR receiver on the opposite side. Under normal conditions the beam will not be broken; however, when somebody walks in, the beam will be interrupted and when that happens the receiver will switch on a buzzer to alert the owner that somebody has just walked in. Some typical circuits for accomplishing this the same as the one shown in Figure 3.
2.1.4 Gate/door-way clearance detection

Most of the automatic gates or doors usually checks if there is anything on the way before they close, and if there is something on the way they delay for some time and check again and again until it is clear for the door or gate to be closed. The IR transmitter is placed on one side of the gate (or door) and an IR receiver on the opposite side. If the beam is not broken, it implies that the way is clear for the gate or the door to close; however, the broken beam will mean that there is something on the way so the closing of the gate or door must be delayed.
2.1.5 Object counting

Break-a-beam can also be used for counting the number of cars or people entering a certain place or number of objects passing a certain point. The latter is used a lot in industry to count the number of products delivered, dispatched, or processed. Again here the IR transmitter is placed on one side and the receiver on the opposite side. Whenever there is something passing in between the transmitter and the receiver, the beam will be interrupted causing the change in the output state of the receiver. These changes in the output are used to advance the counter. In some other object counting applications it is required to determine the number of occupants at any given time; for example, in the parking area it is important to keep track of both coming and leaving cars so that you do not allow cars to enter if all the parking bays are occupied. In such a case you need two sets of break-a-beam circuits, one for monitoring the entering cars to increment the counter and another one monitoring the exiting cars to decrement the counter.
3. Proximity sensing

Proximity sensing consists of an IR transmitter and an IR receiver like break-a-beam; however, its operation is different in that the receiver does not work with incident rays or rays that are coming directly from the IR transmitter, but with reflected rays that have bounced off a certain object or surface. So instead of having IR transmitter and receiver pointing to one another like in break-a-beam, here both the IR transmitter and receiver are pointing in one direction as shown in Figure 4.
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Figure 4 Proximity sensing
3.1. Application of Proximity Sensing

Proximity sensing is used in IR-based measurement circuits, where the IR transmitter sends out IR light rays and the receiver measures the intensity of the reflected IR rays, and based on the intensity of the reflected rays the distance to the reflecting object can be determined. This is useful in parking-aid systems, in distance and in level measurements. Proximity sensing is used in line followers or line guides where a machine is made to follow a certain path or a visually impaired person is using a proximity sensing-enabled stick as a guide. Proximity sensing is also used in medical electronics for photoplethysmography (PPG), which is the process of optically estimating the volumetric measurement of an organ. This is used in measuring some of the vital signs such as pulse rate, sugar level, etc. Additional to vital sign measurements, proximity sensing is also used in contact-less tachometer for wheel encoding.
3.1.1 Pulse rate measurement
IR is gaining popularity in vital signs monitoring. Vital signs include pulse (or heart) rate, blood pressure, sugar level, body temperature and respiratory (or breathing) rate. These vitals are the first things to be checked by the medical personnel when attending to a patient. IR offers some non-invasive ways of monitoring or measuring some of these vital signs.
In pulse or heart rate measuring the infrared transmitter directs the IR rays into the fingertip and the IR receiver picks and amplify part of that light which is reflected back by the blood cells. The amount of the reflected light depends on the volume of the blood flowing through the finger. Thus, the output of the IR receiver will vary with the volume of the blood flowing through the finger, and since these variations correspond to heart beats, we can convert these changes in amplitude into pulse that can be used to drive a counter in order to determine the heart bit rate. The circuit for accomplishing this task is as shown in Figure 5.
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Figure 5 Pulse Monitor
Rs1 and IR LED form an IR transmitter which radiates a continuous IR light. This IR light is coupled into the fingertip where it is reflected by the blood flowing through the finger towards the phototransistor. When the heart beats, the volume of the blood cells will increase resulting in an increase in the amount of reflected IR light and when there is no heart beat the intensity of the reflected light decreases; that is, the high the blood volume, the higher the light intensity and vice versa. As this varying IR light falls on the phototransistor, it will cause the conduction of the phototransistor to also vary resulting in a varying collector current and collector voltage. The output of the phototransistor is fed into OPAMP A, which is configured as a band pass filter where C1a and R1a form a high pass filter that determines the low cut-off frequency of
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And Cf1 an Rf1 form a low pass filter that determines the high cut-off frequency of
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OPAMP A also amplifies the signal by
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The output is fed into OPAMP B, which is also configured as a band pass filter where C1b and R1b form a high pass filter that determines the low cut-off frequency of
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And Cf2 an Rf2 form a low pass filter that determines the high cut-off frequency of
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OPAMP B also amplifies the signal by
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Therefore the two OPAMPS will amplify the output of the phototransistor by a total gain of 67619.972 or 96.602dB. The LED D2 connected to the output of OPAM B is used to provide a visual indication for each heart bit detected and resistor Rs2 is used for limiting the current through the LED. The amplified output is used to drive a switching transistor Q2 which will extend the supply voltage to the output whenever it is switched on. The potentiometer Rp, through which the output of OPAMP A is coupled to OPAMP B is used to determine how much of the output of OPAMP A will be passed to OPAMP B. 

The pulses from the pulse monitor are then fed into a PIC microcontroller that will determine the number of pulses detected per minute and display them using either LED or LCD display.
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