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ABSTRACT 
 
 

The light is a natural power source which allows the human to accomplish the majority of 

their activities. When the night falls is indispensable to have good light conditions to do 

some usually human activities, like for example driving, also it is necessary to know the most 

suitable lighting level for light conditions of the environment in order to optimize the process 

and use the least amount of energy possible. 

In this project some components, which detect the illuminance and transform it in electrical 

signals, are analysed. 

Also three experiments are conducted in order to characterized and validate the options of 

using LEDs for this purpose. 

Finally and due to the results obtained another solution is given, which is more suitable for 

this objective, it is proposed at the end of the project. 

Keywords: LED, transducer, Processing signal circuit. 
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LIST OF SYMBOLS 
 

3D   3 Dimensions 

SI   International system 

CIE                 French: International Lighting Comission 

V(λ)                 Photopic luminosity function 

V’(λ)                 Scotopic luminosity function 

CdS                 Cadmium sulphide 

PN                 P-type and N-type junction 

LED                   Light Emitting Diode 

Vout                Output Voltage 

Iled                   Current that flows across the LED 

R1, R2 ,R3       Different Resistors 

C1 ,C2              Different Capacitors 

V+                    Positive Voltage Supplied  

                      Input BIAS current positive input 

                      Input BIAS current negative input 

                      Voltage at the positive input of the operational amplifier 

                     Voltage at the negative input of the operational amplifer 

                   Input offset current 

                     Full scale 

                   Voltage dropped across R1 
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CHAPTER 1 

INTRODUCTION 
 
 

 

This Project is based on the implementation and design of a processing signal circuit which 

later is going to be used in a 3D light detector that will regulate the traffic lights. 

The idea consists in obtaining a signal from the environment which approximates what the 

human eye perceives and thus can regulate the lighting level on the roads. 

This signal is the illuminance generated by the ambient light. 

The illuminance is the luminous flux incident per unit area. The illuminance measured in lux 

(          . It is a SI unit used when characterizing illumination conditions (Institute 

Rensselaer Polytechnic). 

Once this signal is received it has to be transformed into an electrical quantity by a 

transducer, the choice of the transducer is studied in this work. 

In function of the transducer, next step is to design a processing signal circuit; thereby it is 

possible to obtain an electrical output which it can be treated. 

The signals are treated depending on the ultimate purpose; they can be digitalized to obtain 

numerical results, they can enable or disable some other components, etc… 

In this case the ultimate purpose is to generate an electrical output which can regulate the 

lighting level on the roads by receiving information of the illuminance 360º around the 

sensor. 

This electrical output will set the most suitable lighting level depending on the ambient 

conditions.  
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CHAPTER 2 

BACKGROUND 
 
 

 

HUMAN EYE SENSITIVE 

The retina contains two types of photoreceptors, rods and cones, Figure 2.1. The rods are 

more numerous, some 120 million, and are more sensitive than the cones. However, they 

are not sensitive to colour. The 6 to 7 million cones provide the eye’s colour sensitivity. 

(Nave) 

 

 

FIGURE 2.1, RODS AND CONES (GOOGLE IMAGES) 

 

There are three different vision regimes depending on the light conditions: 

-Photopic vision: relates to human vision at high ambient levels (e.g. during daylight 

conditions) when vision is mediated by the cones. The photopic vision regime applies to 

luminance levels > 3cd/m². 

-Scotopic vision: relates to human vision at low ambient light levels (e.g. at night) when 

vision is mediated by rods. Rods have a much higher sensitivity than the cones. However, the 

sense of colour is essentially lost in the scotopic vision regime. At low light levels such as in a 

moonless night objects lose their colours and only appear to have different grey levels. The 

scotopic vision regime applies to luminance levels < 0.003cd/m². 

-Mesopic vision: relates to light levels between the photopic and scotopic vision regime 

(0.003cd/m²< mesopic luminance<3cd/m².) 

 

(Institute Rensselaer Polytechnic) 



Chapter 2 | Background 

 Background 4 

 

 

 -The CIE Luminosity function: 

For simplicity, let`s first consider a monochromatic light source that is visible to the human 

eye. In order to compute its brightness for a standard observer, that is, the photometric 

intensity of the light, we must know this: 

 Radiometric power (In Watts) 

 The eye’s sensitivity at that wavelength  

The eye`s sensitivity to different wavelengths, for a standard observer, was established by 

the CIE (International Commission on Illumination) in 1924.This standardized data set is 

fundamental to the field of photometry and is known by several names; spectral luminosity 

function, photopic luminosity function,… 

This function describes the normal relative sensitivity of the eye for different wavelengths 

under light-adapted conditions. That is, during daylight rather than night viewing conditions. 

In this case, the cone photoreceptors are working. 

During the dark adaptation, the eye`s maximum sensitivity shifts toward shorter 

wavelengths, when the rods are working. The corresponding sensitivity function under dark 

adapted conditions is the scotopic luminosity function or the 1951 CIE V’(λ) function. 

Figure 2.2 shows the V(λ) and the V’(λ) functions on the same graph. Note that both are bell-

shaped curves. The V(λ) peaks at about 555nm, therefore the luminous efficiency of the 

human eye at this wavelength is given a value of 1 V(         

The V’(λ) curve is shifted toward shorter wavelengths and peaks at about 507 nm. The 

luminous efficiency under scotopic conditions, at this wavelength, is given a value of 1 

V’(         

 

FIGURE 2.2, PHOTOPIC, SCOTOPIC FUNCTION (SALMONTO) 
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THE FOUR MAIN QUANTITIES OF PHOTOMETRY 

Photometry: Is the “subjective light energy” characterization using the luminous efficiency 

functions V(λ) for Watt-lumen recalculation at different wavelengths (In total range 

360…830nm). 

-Luminous flux: The subjective power flux, recalculation by the 683 lm/W at the best 

wavelength. Φ [lm] 

-Luminous intensity: (flux per unit solid angle*, shows how concentrated the source is in 

certain direction. J [cd= lm/sr] 

-Luminance: Flux per unit solid angle and per unit surface area. L [cd/m²= lm/(sr m²)] 

-Illuminance: Flux per surface area, lighting of office rooms. E [lx=lm/m²] 

 

*- hemisphere is the solid angle 2π≈ 6.28 sr (steradians) 

(Udal) 

 

TRANSDUCER 

It is a device that converts energy form one form into another, to make it readable for a 

measurement. The differences between sensors and transducers are often very slight. A 

sensor is performing a transducing action, and the transducer must necessarily sense some 

physical quantity. The shade of difference lies in the efficiency of energy conversion. The 

purpose of a sensor is to detect and measure, and whether its efficiency is 5% or 0.1% is 

almost immaterial. A transducer, by contrast, is intended to convert energy, and its 

efficiency is important, though in some cases it may not be high. Linearity of response, 

important for a sensor, may be of much less significance for a transducer. Also in a 

transducer output is controlled by the input. 

(Bright Hub Egineering) 

In this case the transducer is going to convert illuminance into electrical signal such as 

current, resistance changes… 

 

PHOTORESISTORS 

Many materials have a resistance value that will change when the light strikes the material. 

The theory behind this effect is that these materials are semiconductors which in their 

normal state have few electrons or holes. The effect of light is to separate electrons from 

holes and so allow both types of particles to move through the material and carry current. 

Since a definite amount of energy is needed in order to separate an electron from a hole, the 

size of the light quantum is important, but it is not difficult to find materials for which the 

amount of energy is small.  
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Because of the physical action, the effect is always that the material has high resistance in 

the absence of light. The resistance drops when the material is illuminated according to the 

operation principle of these components, which says that the light separates electrons from 

holes and allow this particles to carry current.  

The sensitivity is no quoted as a single figure because the change of resistance plotted 

against illumination is not linear.  

(R.Sinclair, 1992) 

 

 

FIGURE 2.3, NORP 11,12,13 SERIES (SILONEX) 

 

NORP series are highly stable, sensitive CdS photoconductive cells with a spectral response 

similar to that of the human eye. 

It can be seen in the Figure 2.4 the response of these devices depending on the illuminance in 

the follow graphic: 

 

FIGURE 2.4, RESISTANCE VS ILLUMINATION 
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In this case there is no conversion of light into an electrical magnitude, the light here 

produces resistance variations that can be detected and processed by using a simple voltage 

divider circuit and measuring the output voltage. 

These devices have a spectral response similar to the human eye, shown in the Figure 2.5, as 

it can be seen in the next graphic: 

 

 

FIGURE 2.5, RELATIVE RESPONSE VS WAVELENGTH 

 

PHOTODIODE 

A photodiode is a type of photoresistor in which the incident light falls on a semiconductor 

junction and the separation of electrons and holes caused by the action of light will allow the 

junction to conduct even when it is reverbiased. Photodiodes are constructed like any other 

diodes, but without the opaque coating that is normally used on signal and rectifier diodes. 

In the absence of this opaque coating, the material is transparent enough to permit light to 

affect the junction conductivity and so alter the amount of reverse current, its amplitude is 

not large, and the sensitivity of photodiodes is quoted in terms of µA of current per mW/cm² 

of incident power. 

(R.Sinclair, 1992) 
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The current plotted against the illumination gives a reasonably linear graph and the response 

time is around 250ns. 

 

FIGURE 2.6, BPW21 PHOTODIODE (VISHAY) 

 

It is a planar Silicon PN photodiode in a hermetically sealed short TO-5 case, specially 

designed for high precision linear applications. 

The relationship between the Illuminance (parameter which is wanted to measure) and the 

current generated, shown in Figure 2.7, is as follows: 

 

FIGURE 2.7, SHORT-CIRCUIT CURRENT VS ILLUMINANCE 
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As can be seen in Figure 2.7 this device has a wide range of detection, covering from low to 

high light conditions. 

Another important characterization, shown in Figure 2.8, of this device is the relative radiant 

sensitivity depending on the angular displacement, because the response of these types of 

components is function of the direction of the incident light. 

 

FIGURE 2.8, RELATIVE RADIANT SENSITIVITY VS ANGULAR DISPLACEMENT 

 

 

PHOTOTRANSISTORS 

A phototransistor, example shown in Figure 2.9, is a form of transistor in which the base-

emitter junction is not covered and can be affected by incident light. The base-emitter 

junction act as a photodiode, and the current in this junction is then amplified by the normal 

transistor action so as to provide a much larger collector current, typically 1000 times 

greater than the output current of a photodiode. The penalty for this greatly increased 

sensitivity is a longer response time, measured in µs rather than in ns, so that the device is 

not suitable for detecting light beams that have been modulated with high-frequency 

signals. 

(R.Sinclair, 1992) 
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FIGURE 2.9, PHOTOTRANSISTOR (KODENSHI) 

 

High sensitivity NPN silicon phototransistor designed for use as low cost detector array in 

consumer and industrial applications. 

In this case the light received is converted into current, as can be seen in the Figure 2.10. The 

light produces changes in the collector current of the transistor, raising it when the light 

ambient conditions increase as it can be seen in the responsivity graphic: 

 

FIGURE 2.10, COLLECTOR CURRENT VS ILLUMINANCE 

 

It is important to mention, as happens with the photodiodes, that this device also depends 

on the angle, Figure 2.11, of incident light as follows: 
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FIGURE 2.11, RADIANT PATTERN 

 

LIGHT EMITTING DIODES 

A light-emitting diode (LED) can function as wavelength selective detector whose response in 

similar to its emission spectral profile. The merit of a LED-based photodetector is its low cost 

and narrow band pass response without the need for an additional optical filter. 

This feature has been exploited in the development of non-dispersive photometers for sun 

power measurement and colorimetric measurement. A bidirectional light transducer using a 

pair of LEDs also has been proposed. 

The spectral characteristics of the LEDs must be analysed to establish how useful they could 

be as photodetectors. 

(Mizayaki E., 1998) 
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CHAPTER 3 

PROPOSED SOLUTION 
 
 
There are too many possibilities to convert light into energy or energy variations but it is 

needed to choose the suitable way for each purpose, it should be pointed out that there are 

a lot of factors to keep in mind, from the price to the technical characteristics required. 

First it is needed to know which technical characteristics are required for the transducer and 

thus it is possible to choose the most suitable solution.  

The magnitude which is going to be measure from the environment is the Illuminance that 

represents the ambient light conditions. 

Practical measurement instruments contain semiconductor sensors which convert the 

absorbed into electric current. 

The illuminance measurements should be performed whenever planning or installing indoor 

or outdoor lighting. 

Too high or too low Illuminance could influence the health and cause safety problems. 

(METREL, 2002) 

 

TECHNICAL CHARACTERISTICS REQUIRED FOR THE 

PHOTODETECTOR 

 

SENSITIVE TO LOW LIGHT CONDITIONS: 

As the sensor’s final aim is to regulate the light level of road lighting, it is important that the 

transducer has a good response or at least a measurable response to low light conditions, 

Table 3.1. 

TABLE 3.1, ILLUMINANCE LOW LEVELS IN LOW LIGHT CONDITIONS (METREL) 

Condition Illuminance (lux) 

Sunset 1-100 

Good street lighting ≈20 

Poor street lighting ≈0.1 

Full moon 0.01-0.1 

Starlight 0.001-0.01 

Overcast night 0.0001-0.001 
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As it can be seen in the previous table, low light conditions mean low lux quantities; 

therefore the transducer should be able to detect these light conditions. 

On the other hand these lux quantities are going to generate low level currents (as it can be 

seen in the graphics from chapter 2, Figure 2.7 and Figure 2.10), thus it will be needed an 

amplifier circuit in order to obtain readable measures in the output of the circuit. 

This technical feature is very important because is in this region where the transducer has to 

send the Illuminance information to the actuator so that the actuator can generate a signal 

to control  the lighting level according with the Illuminance information sent by the 

transducer. 

 

 

 

SENSITIVE TO A WIDE RANGE OF LIGHT CONDITIONS 

The sensor will be located outdoors, that means that it is going to be exposed to the ambient 

daylight conditions. These conditions vary from low quantities of lux in night time or in low 

light conditions to high quantities of lux in sunny days. The sensor has to receive and 

response to all of this range, Table 3.2. 

 

TABLE 3.2, AMBIENT DAYLIGHT OUTDOOR CONDITIONS 

Condition Illuminance (lux) 

Birght sun 50,000-100,000 

Hazy day 25,000-50,000 

Cloudy bright 10,000-25,000 

Cloudy dull 2,000-10,000 

Very dull 100-2,000 

Sunset 1-100 

 

The sensor should be able to measure from thousands of lux to tenths or even hundredths of 

lux. 

 

 

ANGLE OF SENSITIVITY 

The idea of this project is to create a sensor which measures the light 360º around it. The 

optimal solution is to find a transducer that has a wide angle of sensitivity for using the least 

possible number of transducers. 

These transducers will be located in a hypothetical sphere to measure the light from all the 

directions so that the greater the angle of sensitivity is the less number of transducers is 

needed to use. 
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SIMILAR RESPONSE TO HUMAN EYE SENSITIVITY 

It is important to measure the light as the human eye perceives it, because the final purpose 

is to realize a sensor which finally regulates the lighting level conditions of the roadways for 

human use. 

 

 

 

LINEARITY 

It represents the constant that is the sensitivity of the sensor. A constant sensibility (high 

linearity) facilitates the conversion from the read value to the measured value: 

 

         (3.1) 
 

 

The nonlinearity is the lack of proportionality of the device output relative to the input and 

usually is expressed as the maximum deviation of the straight proportional. 

 

Linearity error: 

 

   
                           

  
     (3.2) 

 

In general the instruments are design to have the more linear response possible, this means 

that for a given increase of the parameter that is being measured, the corresponded 

displacement is always the same, thus is easier to process the output signal. 

 

 

 

RESPONSE TIME 

Time required for the sensor to response to an abrupt change of the magnitude that is being 

measured. 

The daylight provides Illuminance virtually constant over time or at most slowly variation 

along the daily cycle. (Elisa Colombo, Beatriz O'Donnell, Carlos Kirchsbaum) 

This means that the response of the sensor has not to be fast due to the slowly variations of 

the Illuminance the sensor has sufficient margin to send the information to the actuator. 
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SENSITIVITY 

In this type of sensors the Illuminance generates really small currents that should be 

amplified in order to have a readable output. It is necessary that the sensor has enough 

sensitivity to recognize when the Illuminance is change from one region to another. 

A sensitivity surrounding 10nA/lux is a good sensitivity for this purpose because so it is easy 

to recognize the range variation of the Illuminance. 

 

 

 

TECHNICAL CHARACTERISTICS REQUIRED FOR USING A LED AS 

PHOTODETECTOR 

In addition to the entire characteristics mentioned above using LED as a photodetector, the 

LED must meet another requirement: 

 Act as a wavelength selective photodetector: 

The idea of using LEDs is to detect which is the vision regime depending of the light 

conditions by knowing the wavelength of the light received. 

 

 

 

 

 

OTHER FACTORS TO CONSIDER 

Beside the technical parameters there are other magnitudes that should be taken in account 

because they can affect the real measurement. 

  

TEMPERATURE 

All the electronic components are influenced by the temperature which can cause measure 

deviations and generates physical problems in the components. 

As this sensor will be placed outdoors exposed to the Estonian climate it is necessary to 

know some temperature features of the Estonian weather, such as maximums, minimums, 

averages, etc… 

Summer: 

On the summer months the average temperature stands at 18ºC, it rises gradually and 

reaches 21ºC in September. On the other hand, the average low hardly falls below 8ºC. 
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Winter: 

January is the coldest month of the year when the average low stands at -8ºC. However as 

the season progresses both temperature and sunshine increase gradually. 

 

 

FIGURE 3.1, AVERAGE TEMPERATURE FOR TALLINN 

 

So the operating temperature of the transducer should be one that covers this range of 

temperatures. The transducer must work properly between -7ºC and 22ºC. 

(World Weather Online) 

 

LIGHT POLLUTION 

Light pollution is largely the result of bad lighting design, which allows artificial light to shine 

outward and upward into the sky, where it’s not wanted, instead of focusing it downwards, 

where it is.  

Light pollution is easily remedied. Simple changes in lighting design and installation yield 

immediate changes in the amount of light spilled into the atmosphere, and often, energy 

savings. 

(Klinkenborg) 

It is mentioned because this problem could be the source of error and mistakes in the 

measurement. 
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USING LEDS AS PHOTODETECTORS 

 

The main reason of using LEDs as photodetectors is the price; most of the technical 

requirements have to be characterized because the datasheets of the LEDs only explain its 

characteristics in LED behaviour. 

Technical requirements: 

 Sensitive to low light conditions: Needs to be characterized. 

 Sensitive to a wide range of light conditions: Needs to be characterized. 

 Angle of sensitivity: Needs to be characterized 

 Similar response to human eye sensitivity: In the case of sensors it is proved that they 

are most sensitive to the light that they emit, as it is explained later. 

 Linearity: Needs to be characterized. 

 Response in time: Needs to be characterized. 

 Sensitivity: Needs to be characterized. 

 Wavelength selective photodetector: Needs to be characterized 

 

 

The LED: The LED is a special type of diode whose main feature is that it can emit light in 

function of the current which crosses it. As a semiconductor material, it consists of a PN 

junction where charge-carriers (electron and holes) are created by an electric current passing 

through the junction.  

The wavelength of the light emitted, and therefore its colour, depends on the band gap 

energy of the materials forming the PN junction.  

(Schubert) 

It has been reported that light-emitting diodes (LED) can function as a wavelength selective 

photodetector with a spectral response similar to its spectral emission profile. The 

photometer consists basically of an interference filter to allow a desired wavelength and a 

suitable photo-detector to convert an optical signal into electrical signal. 

The advantage of an LED photometer is that it is inexpensive. LEDs are widely available, 

rugged and have optical properties. On the other hand a conventional photometer consisting 

of an interference filter and a detector is quite expensive. A great variety of LEDs are 

available with spectral response from the UV near IR. Despite their various advantages, LEDs 

are not necessarily ideal replacements for narrow band optical filters in Sun photometer. The 

spectral response bandwidth is much greater than that of an interference filter. 

(Y.B.Acharya, 2004) 

Three commercially available LEDs (green, yellow, and red) were used for different 

wavelengths Figure 3.2. 
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FIGURE 3.2, RESPONSE OF LEDS (Y. B. ACHARYA) 

 

 

This figures show the emission spectra and spectral response for yellow, green and red LED, 

respectively. 

 

Knowing that the human eye sensitivity has three regions, two of them, Scotopic and 

Photopic, that are sensitive to blue and green light respectively. The first idea consisted of 

using LEDs because they can act as photo detectors and they are more sensitive to the light 

that they emit. So with this knowledge we could use three LEDs to detect in which region we 

are. This is the method thought to know in which region are the lighting levels corresponding 

to the human eye sensitivity: 

1. Current generated by the BLUE LED increases and Current generated by the GREEN 

LED decreases: Scotopic vision. 

2. Current generated by the BLUE LED decreases and current generated by the GREEN 

LED increases: Mesopic vision. 

3. Current generated by the GREEN LED decreases and current generated by the 

YELLOW LED increases: Photopic vision. 

 

Circuit used to measure the capacity of the LEDs to sense light and obtain significant output 

Voltages is shown in Figure 3.3. 
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R2 C2

R1

C1

D1

ILED OpAmp
Vout-

+

+Vcc

-Vcc

 

FIGURE 3.3, PROCESSING SIGNAL CIRCUIT 

 

Where: 

 Vout It is the output voltage of the circuit 

 Iled: It is the current that flows across the LED 

 R1 and R2: Resistances 

 C1 and C2: Capacitors  

 +   ,-   : Supply voltage 

 

Current-To-Voltage: 

It corresponds to a transimpendance amplifier that transforms current into voltage. 

The real Amplifier is configured in an inversion mode that operates as follows: 

 

 It is supposed that the LED acts as a normal photodiode and it has a fixed sensitivity. 

Constant voltage for a fixed sensitivity suggests current output instead and that 

response is linearly related to the incident light energy. A monitor of that current 

must have zero input impedance to response with no voltage across the diode. Zero 

impedance is the role of an op amp virtual ground as high-amplifier loop gains 

removes voltage swing from the input. 

   

 The direction of the current depends on how is placed the diode, as the current 

measured is the leakage current: 
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o The anode connected to the ground, as can be seen in the Figure 3.3. With 

this configuration the current will flow towards the ground. 

o The cathode connected to the ground. With this configuration the current will 

flow towards the amplifier. 

 Diode current is not accepted by the input of the op amp as it presences stimulates 

the high amplifier gain to receive that current through the feedback resistor,   . To 

do so, the amplifier develops an output voltage equal to the diode current times the 

feedback resistances,   . 

 

             (3.3) 
 

Because of the diode has the anode connected to the ground and the current flows 

towards ground the output will be positive following the previous equation. 

 The diode is connected in a photovoltaic mode; this means that there is no voltage 

across the diode because precision is more important than speed. (Rako, 2004) 

 

Advantages: 

 Easy understanding of the operation. 

 Conversion of the current into a voltage, an electric signal that can be digitalized 

easily. 

 Low noise. 

 No dark current: The lack of the dark current removes an entire error term. The lower 

noise makes smaller measurements possible. 

 Linear Output: This is important to meet one of the requirements. The linear output 

makes calculations trivial. 

 

Disadvantages: 

 Real ambient light is not being measured: The first point is to measure the sensitivity 

of the LEDs in some light conditions. 

 Each LED has its own response: Each LED should have its own processing signal 

circuit, with the suitable gain.  

 Ambient light has the entire visible spectrum on it: The LED act as a selective 

wavelength photodetector. 
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Circuit used to generate a monochromatic light source and thus measure the sensitivity of 

each LED to different wavelengths is shown in Figure 3.4. 

 

R3

V+

D2

ILED2

VLED2

 

FIGURE 3.4, LIGHT SOURCE CIRCUIT 1 

 

Where: 

 V+: It is the voltage supplied to regulate the current that crosses the LED. 

 Iled2: It is the current that crosses the LED. 

 R3: For current limit and not to damage the LED. 

The supplied voltage, the current that flows across the LED and the voltage dropped in the 

LED are related as follows: 

                 (3.4) 
 

Varying the voltage supplied different luminous intensity can be reached by controlling the 

current that flows through the LED. 
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CHAPTER 4 

CASE SET-UP 
 
 
 

COMPONENTS 

This is a brief description of the components used in all the experiments and the reasons 

why they were selected, Table 4.1. 

TABLE 4.1, ELECTRONIC COMPONENT USED 

Components Type 

Operational Amplifier MC33282-D 

Resitances R1=47 MΩ 
R2=47 MΩ 
R3=103,1 Ω 

LEDs One ultra-bright blue LED 3mm 
One ultra-bright green LED 3mm 
One blue LED 5mm 
One green LED 5mm 
Two yellow LEDs 5mm  

Capacitors C1=1nF 
C2=100nF 

DC Power supply E3631a triple output 
 

 

OPERATIONAL AMPLIFIER  

The MC33282-D exhibits low input offset voltage, low input bias current, high gain 

bandwidth and high slew rate: 

 Low input offset Voltage: Trimmed to 200 µV 

 Low input BIAS current: 30 pA 

 Low input offset current: 6.0 pA 

 Large output voltage swing: +14.1V/-14.6V 

 Dual supply operation: ±2.5V to ±18V 

For these characteristics this component is very suitable to use for this purpose because of 

the lower error rates which may affect the measurement. 
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RESISTANCES 

R1: It acts as the gain of the circuit; its value has to be high to amplify inputs of the order of 

Nano amperes.  

R2: To decrease the error due to polarization currents, Figure 4.1, this resistance it is placed in 

compensation in the non-inverting input. This resistance does not produce changes in the 

amplifier gain. 

 

V0V-
OpAmp-

++Vcc

-Vcc

V+

R1I IB-

R2

IB+

led

Vi0

 

FIGURE 4.1, DC ERROR ANALYSIS 

Where: 

   : Voltage in the non-inversing input 

    : BIAS current in the non-inversing input 

    : BIAs current in the inversing input 

   : Voltage in the inversing input 

    : Voltage that drops across R1 

    : Offset Voltage 

 +   ,-   : Supply voltage 

 

As can be concluded from the Figure 4.1 and doing a superposition analysis of the circuit: 

1.     : 

            (4.1) 
 

 

2.      

           (4.2) 
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3.     In this case removing     ,    ,     the amplifier acts as a buffer as shown in Figure 

4.2, thereby fulfilling equation 4.4: 
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R2
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FIGURE 4.2, IB+ ANALYSIS 

 

           (4.3) 

      (4.4) 

            (4.5) 

 

 

4.     In this case removing     ,    ,     the amplifier acts as a buffer, as shown in 

Figure 4.3, thereby fulfilling equation 4.7: 
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FIGURE 4.3, VIO ANALYSIS 
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       (4.6) 

      (4.7) 

        (4.8) 

 

 

 

Finally it is obtained: 

 

                   (4.9) 

                             (4.10) 

 

 

 

In this case      , so: 

 

                            (4.11) 

                            (4.12) 

 

 

 

So the error of the BIAS current has been reduced by using a compensation resistor which 

decreases the contribution of this error source to the final output. 

 

R3: Current-limiting resistor, also it allows to calculate the voltage which drops across the 

LED, Figure 3.4 on chapter 3. 
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LEDS 

The experiment was conducted with different type of LEDs both size and colour light that 

they emit. 

Blue, green and yellow were selected to distinguish the different vision regimes of the 

human eye. 

LEDs of 5mm were selected to sense because of its wide area, this implies a greater area of 

detection and the narrow LEDs were selected as light source because of its higher luminous 

intensity. 

 

 

CAPACITORS 

C1: It is used to obtain stability of the output signal. 

C2: It is used to avoid the noise generated by the compensation resistor. 

 

 

 

DC POWER SUPPLY 

The supplied voltage depended on the analysis that was conducted, but always in dual mode 

providing positive and negative voltage for the different components or circuits, only one 

source was used in all the experiments. 

 

 

FIGURE 4.4, DC POWER SUPPLY 
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ELECTRONIC MEASUREMENT DEVICES 

Brief description of the electronic measurement devices used in this project, Table 4.2. 

 

TABLE 4.2, ELECTRONIC MEASUREMENT DEVICES 

Measurement Devices Model 

Oscilloscope Tektronix TPS2024 

Luxmeter TM-202 
 

 

OSCILLOSCOPE 

It was used to measure the final output of the sensing circuit, all the output voltages 

acquired were collected from the display of the oscilloscope keeping the measure bottom 

activated. 

 

 
FIGURE 4.5, OSCILLOSCOPE 

 

As can be seen in the Figure 4.5 the value of the output voltage was collected from the upper 

right corner of the display. 
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LUXMETER: 

It was used to measure the light conditions in which the LEDs were sensing.  

 

 

FIGURE 4.6, LUXMETER 

 

The sensor of this device was placed in the same position of the LED in the different light 

conditions. It was necessary to used different ranges of sensing depending on the light 

conditions that were conducted in the experiment. 

 

 

MULTIMETER: 

A common multimeter was used to measure the value of the resistors and some currents 

and voltages from the source light circuit. 
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ILLUSTRATION 17 LUXMETER 1ILLUSTRATION 17 LUXMETER 2ILLUSTRATION 17 LUXMETER 3 
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CHAPTER 5 

ANALYSIS PART 
 
 

In this chapter are describe the three experiments that were conducted to analyse the 

technical requirements of the LED as photodetector.  

 

WAVELENGTH SELECTIVE DETECTOR 

In this experiment the three different colour LEDs were tested measuring how they react to 

the light that they emit and comparing it with how they react to other monochromatic light 

source. 

All the LEDs were tested in the same conditions: 

 The light source was separated a distance of 14cm from the LED which acts as light 

sensor. 

 The supplied voltage was varied from 2.5V to higher voltages because this is the 

minimum voltage for which the operational amplifier works. 

 The current that flows across the LED (Iled) which acts as a light source was measured 

with a multimeter and the output voltage was measure with the oscilloscope. 

 The current that flows across the LED (Io) which acts as a photodetector was 

obtained using the mathematical relationship (3.1). 

 The voltage that drops across the LED (Vled) which acts as light source was obtained 

using the mathematical relationship (3.2). 
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 BLUE LED 

 
In this experiment the blue and the green light were sensed with a blue LED.  

This table, Table 5.1, contents the value of the voltage supplied both for the light circuit 

sensing and the operational amplifier, also the current and voltage that flows and drops 

respectively across the LED, and finally the output obtained in the sensing circuit. 

. 
TABLE 5.1, BLUE AND GREEN LIGHT SENSED BY BLUE LED 

Vcc 
(V) 

Iled 
(mA) 

Vled 
(V) 

Vo 
(mV) 

Io 
(μA) 

Iled 
(mA) 

Vled 
(V) 

Vo 
(mV) 

Io 
(μA) 

2,5 0,096 2,49010 44,8 0,00095 0 2,5 69 0,00146 

2,6 0,387 2,56010 57,1 0,00121 0 2,6 69 0,00146 

2,7 0,83 2,61442 77,9 0,00165 0 2,7 69 0,00146 

2,8 1,34 2,66184 105 0,00223 0,096 2,79010 690 0,01468 

2,9 1,95 2,69895 138 0,00293 0,387 2,86010 690 0,01468 

3 2,58 2,73400 175 0,00372 0,83 2,91442 690 0,01468 

3,1 3,22 2,76801 215 0,00457 1,34 2,96184 690 0,01468 

3,2 3,9 2,79791 258 0,00548 1,95 2,99895 690 0,01468 

3,3 4,63 2,82264 298,5 0,00635 2,58 3,03400 700 0,01489 

3,4 5,37 2,84635 339 0,00721 3,22 3,06801 700 0,01489 

3,5 6,12 2,86902 385 0,00819 3,9 3,09791 700 0,01489 

3,6 6,84 2,89479 433,5 0,00922 4,63 3,12264 700 0,01489 

3,7 7,61 2,91540 482 0,01025 5,37 3,14635 700 0,01489 

3,8 8,38 2,93602 528,5 0,01124 6,12 3,16902 700 0,01489 

3,9 9,16 2,95560 579 0,01231 6,84 3,19479 700 0,01489 

4 9,97 2,97209 628,5 0,01337 7,61 3,21540 710 0,01510 

4,1 10,76 2,99064 677,5 0,01441 8,38 3,23602 710 0,01510 

4,2 11,57 3,00713 727,5 0,01547 9,16 3,25560 710 0,01510 

4,3 12,38 3,02362 777 0,01653 9,97 3,27209 710 0,01510 

4,4 13,2 3,03908 826,5 0,01758 10,76 3,29064 710 0,01510 

4,5 14,03 3,05350 875 0,01861 11,57 3,30713 710 0,01510 

4,6 14,85 3,06896 924 0,01965 12,38 3,32362 710 0,01510 

4,7 15,7 3,08133 966 0,02055 13,2 3,33908 720 0,01531 

4,8 16,53 3,09575 1010 0,02148 14,03 3,35350 720 0,01531 

4,9 17,38 3,10812 1060 0,02255 14,85 3,36896 720 0,01531 

5 18,21 3,12254 1110 0,02361 15,7 3,38133 720 0,01531 

5,1 19,08 3,13285 1160 0,02468 16,53 3,39575 730 0,01553 

5,2 19,94 3,14418 1210 0,02574 17,38 3,40812 730 0,01553 

5,3 20,81 3,15448 1250 0,02659 18,21 3,42254 730 0,01553 

5,4 22,51 3,07921 1300 0,02765 19,08 3,43285 730 0,01553 

5,5 23,4 3,08746 1340 0,02851 19,94 3,44418 740 0,01574 
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The relationship between the current applied to the blue and green LED and the output 

voltage generated by the blue LED is shown in Figure 5.1. 

 

FIGURE 5.1, BLUE AND GREEN LIGHT SENSED BY BLUE LED 

 

As can be extracted from the datasheet of the LEDs at 20 mA the blue LED has a typical 

voltage dropped across it of 3,2V and produce light with a wavelength of 470 nm, the green 

LED at around 20 mA has a minimum voltage dropped across it of 2,8 V and a typical of 3,6V 

producing light of wavelengths between 515 and 525 nm. 

It can be deduced from the graphic and knowing the wavelengths of the light emitted that 

the blue LED is as expected more sensitive to the blue light than other lights like for example 

the green one. 

Also it can be observed that the variations of the luminous intensity of the blue light produce 

greater variations in the output than the variations of the green light. 

The output generated by the variation of the luminous intensity of the green light remains 

practically constant proving that the blue LED is only sensitive to its luminous intensity but 

not to its wavelength. 
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GREEN LED 

 
In this experiment the blue and the green light were sensed with a green LED.  

This table, Table 5.2, contents the value of the voltage supplied both for the light circuit 

sensing and the operational amplifier, also the current and voltage that flows and drops 

respectively across the LED, and finally the output obtained in the sensing circuit. 

TABLE 5.2, GREEN AND BLUE LIGHT SENSED BY GREEN LED 

Vcc 
(V) 

Iled 
(mA) 

Vled 
(V) 

Vo 
(mV) 

Ir 
(μA) 

Iled 
(mA) 

Vled 
(V) 

Vo 
(mV) 

Ir 
(μA) 

2,5 0 2,5 0 0 0,096 2,49010 87,3 0,00185 

2,6 0 2,6 0 0 0,387 2,56010 92,1 0,00195 

2,7 0 2,7 0 0 0,83 2,61442 98,1 0,00208 

2,8 0,096 2,79010 1090 0,02319 1,34 2,66184 104 0,00221 

2,9 0,387 2,86010 1530 0,03255 1,95 2,69895 111 0,00236 

3 0,83 2,91442 2000 0,04255 2,58 2,73400 119 0,00253 

3,1 1,34 2,96184 2490 0,05297 3,22 2,76801 127 0,00270 

3,2 1,95 2,99895 2800 0,05957 3,9 2,79791 136 0,00289 

3,3 2,58 3,03400 3300 0,07021 4,63 2,82264 145 0,00308 

3,4 3,22 3,06801 3400 0,07234 5,37 2,84635 155 0,00329 

3,5 3,9 3,09791 3500 0,07446 6,12 2,86902 164 0,00348 

3,6 4,63 3,12264 3600 0,07659 6,84 2,89479 173 0,00368 

3,7 5,37 3,14635 3700 0,07872 7,61 2,91540 183 0,00389 

3,8 6,12 3,16902 3800 0,08085 8,38 2,93602 192 0,00408 

3,9 6,84 3,19479 3900 0,08297 9,16 2,95560 200 0,00425 

4 7,61 3,21540 4000 0,08510 9,97 2,97209 210 0,00446 

4,1 8,38 3,23602 4100 0,08723 10,76 2,99064 220 0,00468 

4,2 9,16 3,25560 4200 0,08936 11,57 3,00713 230 0,00489 

4,3 9,97 3,27209 4300 0,09148 12,38 3,02362 240 0,00510 

4,4 10,76 3,29064 4400 0,09361 13,2 3,03908 248 0,00527 

4,5 11,57 3,30713 4500 0,09574 14,03 3,05350 265 0,00563 

4,6 12,38 3,32362 4600 0,09787 14,85 3,06896 275 0,00585 

4,7 13,2 3,33908 4700 0,1 15,7 3,08133 287 0,00610 

4,8 14,03 3,35350 4800 0,10212 16,53 3,09575 297 0,00631 

4,9 14,85 3,36896 4900 0,10425 17,38 3,10812 308 0,00655 

5 15,7 3,38133 5000 0,10638 18,21 3,12254 320 0,00680 

5,1 16,53 3,39575 5100 0,10851 19,08 3,13285 338 0,00719 

5,2 17,38 3,40812 5200 0,11063 19,94 3,14418 348 0,00740 

5,3 18,21 3,42254 5300 0,11276 20,81 3,15448 356 0,00757 

5,4 19,08 3,43285 5400 0,11489 22,51 3,07921 374 0,00795 

5,5 19,94 3,44418 5500 0,11702 23,4 3,08746 384 0,00817 

*The shaded cells mean that the amplifier was saturated and the maximum output voltage 

which is possible to obtain is the supplied voltage. 
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The relationship between the current applied to the blue and green LED and the output 

generated by the green LED is shown in Figure 5.2. 

 

 

FIGURE 5.2, GREEN AND BLUE LIGHT SENSED BY GREEN LED 

 

Again it can be deduced from the graphic that the green LED is more sensitive to the green 

light than the blue light, so as expected the LEDs are acting as wavelength selective 

photodetectors. 

While the variations in the luminous intensity of the green light produce readable changes in 

the output of the sensing circuit, the output generated by the variations in the luminous 

intensity of the blue light remains practically constant. 

In this experiment and because one power supply was used, the sensing circuit generates 

higher voltages than the voltages supplied causing the saturation of the operational 

amplifier. This is the reason why when the output reaches 3300 mV generates the same 

voltage than the one supplied. 
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YELLOW LED 

In this experiment the blue and the yellow light were sensed with a yellow LED.  

This table, Table 5.3, contents the value of the voltage supplied both for the light circuit 

sensing and the operational amplifier, also the current and voltage that flows and drops 

respectively across the LED, and finally the output obtained in the sensing circuit. 

Less data were collected because the yellow LED typical behaviour require less supplied 

voltage. 

TABLE 5.3, YELLOW AND BLUE LIGHT SENSED BY YELLOW LED 

Vcc 
(V) 

Iled 
(mA) 

Vled 
(V) 

Vo 
(mV) 

Io 
(μA) 

Iled 
(mA) 

Vled 
(V) 

Vo 
(mV) 

Io 
(μA) 

2,5 7,61 1,71540 972 0,02068     

2,6 8,38 1,73602 1060 0,02255     

2,7 9,16 1,75560 1130 0,02404     

2,8 9,97 1,77209 1210 0,02574     

2,9 10,76 1,79064 1290 0,02744     

3 11,57 1,80713 1360 0,02893     

3,1 12,38 1,82362 1420 0,03021     

3,2 13,2 1,83908 1480 0,03148     

3,3 14,03 1,85350 1550 0,03297     

3,4 14,85 1,86896 1600 0,03404     

3,5 15,7 1,88133 1660 0,03531     

3,6 16,53 1,89575 1710 0,03638     

3,7 17,38 1,90812 1750 0,03723 7,61 2,91540 744 0,01582 

3,8 18,21 1,92254 1810 0,03851 8,38 2,93602 787 0,01674 

3,9 19,08 1,93285 1850 0,03936 9,16 2,95560 825 0,01755 

4 19,94 1,94418 1880 0,04 9,97 2,97209 863 0,01836 

4,1 20,81 1,95448 1920 0,04085 10,76 2,99064 903 0,01921 

4,2 22,51 1,87921 1950 0,04148 11,57 3,00713 940 0,02 

4,3 23,4 1,88746 1910 0,04063 12,38 3,02362 974 0,02072 

4,4     13,2 3,03908 1010 0,02148 

4,5     14,03 3,05350 1050 0,02234 

4,6     14,85 3,06896 1080 0,02297 

4,7     15,7 3,08133 1110 0,02361 

4,8     16,53 3,09575 1150 0,02446 

4,9     17,38 3,10812 1180 0,02510 

5     18,21 3,12254 1210 0,02574 

5,1     19,08 3,13285 1250 0,02659 

5,2     19,94 3,14418 1280 0,02723 

5,3     20,81 3,15448 1310 0,02787 

5,4     22,51 3,07921 1340 0,02851 

5,5     23,4 3,08746 1380 0,02936 
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The relationship between the current applied to the yellow and blue LED and the output 

voltage generated by the yellow LED is shown in the Figure 5.3. 

 

FIGURE 5.3, YELLOW AND BLUE LIGHT SENSED BY YELLOW LED 

 

Again it can be deduced from the graphic that the yellow LED reacts better to the yellow 

light than to the blue light, so as expected this LED is also a wavelength selective 

photodetector. 
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ANGLE OF SENSITIVITY 

 
In this experiment the reaction of each LED depending of the angle of the incident radiation 
is characterized. 
The light source used is 20W lamp at which all the LEDs were sensitive. This lamp was placed 
in different positions to control the angle of incident radiation.  
All the LEDs were tested in the same conditions: 
 

 The light source was separate a distance of 40 cm from the LEDs in every angle 
condition. 

 The output voltage was measured with the oscilloscope. 

 The relative sensitivity was referred to the maximum value obtained at the ouput. 

 The illuminance was measured in every case with the luxmeter. 

 The LEDs used were the 5mm size LEDs. 
 

 

BLUE LED 

In this experiment the angle sensitivity of the blue LED was measured using a 20W lamp. 

This table, Table 5.4, content the value of the illuminance generated by the light source, the 

current that crosses the LED, the output voltage generated by the sensing circuit, the angle 

of incident radiation and the relative sensitivity referred to the maximum voltage. 

 

TABLE 5.4, ANGLE OF SENSITIVITY BLUE LED 

Illuminance 
(lux) 

Diode current 
(µA) 

Vout 
(V) 

Angle 
(º) 

Relative sensitivity 

1906 0,004276596 0,201 -90 0,017946429 

1906 0,005170213 0,243 -60 0,021696429 

1904 0,006276596 0,295 -50 0,026339286 

1900 0,007617021 0,358 -30 0,031964286 

1902 0,011574468 0,544 -20 0,048571429 

1904 0,016617021 0,781 -10 0,069732143 

1911 0,238297872 11,2 0 1 

1904 0,015595745 0,733 10 0,065446429 

1902 0,01112766 0,523 20 0,046696429 

1900 0,008468085 0,398 30 0,035535714 

1904 0,006191489 0,291 50 0,025982143 

1906 0,005361702 0,252 60 0,0225 

1906 0,004106383 0,193 90 0,017232143 

 
 

The relationship between the angle of incident radiation and the angle of sensitivity of the 
blue LED is shown in the Figure 5.4. 
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FIGURE 5.4, ANGLE OF SENSITIVITY BLUE LED 

 
 
As can be deduced from this graphic the blue LED has better sensitivity in direct incident 
radiation, when the angle of incident radiation is varied the sensitivity decreases to very low 
values. 

 
 
 
 
 

  GREEN LED 

In this experiment the angle sensitivity of the blue LED was measured using a 20W lamp. 

This table, Table 5.5, content the value of the illuminance generated by the light source, the 

current that crosses the LED, the output voltage generated by the sensing circuit, the angle 

of incident radiation and the relative sensitivity referred to the maximum voltage. 
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TABLE 5.5, ANGLE OF SENSITIVITY GREEN LED 

Illuminance 
(lux) 

Diode current 
(µA) 

Vout 
(V) 

Angle 
(º) 

Relative sensitivity 

1906 0,009361702 0,44 -90 0,025730994 

1904 0,011297872 0,531 -60 0,031052632 

1902 0,011957447 0,562 -50 0,032865497 

1904 0,016255319 0,764 -30 0,044678363 

1906 0,021234043 0,998 -20 0,058362573 

1906 0,026170213 1,23 -10 0,071929825 

1911 0,363829787 17,1 0 1 

1904 0,027234043 1,28 10 0,074853801 

1902 0,021914894 1,03 20 0,060233918 

1900 0,01606383 0,755 30 0,044152047 

1904 0,012319149 0,579 50 0,033859649 

1906 0,01106383 0,52 60 0,030409357 

1906 0,009276596 0,436 90 0,025497076 
 

The relationship between the angle of incident radiation and the angle of sensitivity of the 
green LED is shown in the Figure 5.5. 

 

 

FIGURE 5.5, ANGLE SENSITIVITY OF GREEN LED 

 
As can be deduced from this graphic the green LED has better sensitivity in direct incident 
radiation, when the angle of incident radiation is varied the sensitivity decreases to very low 
values. 
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YELLOW LED 

In this experiment the angle sensitivity of the yellow LED was measured using a 20W lamp. 

This table, Table 5.6, contents the value of the illuminance generated by the light source, the 

current that crosses the LED, the output voltage generated by the sensing circuit, the angle 

of incident radiation and the relative sensitivity referred to the maximum voltage. 

 

TABLE 5.6, SENSITIVITY ANGLE OF YELLOW LED 

Illuminance 
(lux) 

Diode current 
(µA) 

Vout 
(V) 

Angle 
(º) 

Relative 
sensitivity 

1906 0,085744681 4,03 -90 0,237058824 

1904 0,101914894 4,79 -60 0,281764706 

1902 0,110212766 5,18 -50 0,304705882 

1904 0,119574468 5,62 -30 0,330588235 

1906 0,126382979 5,94 -20 0,349411765 

1906 0,170638298 8,02 -10 0,471764706 

1911 0,361702128 17 0 1 

1904 0,17106383 8,04 10 0,472941176 

1902 0,125744681 5,91 20 0,347647059 

1900 0,12106383 5,69 30 0,334705882 

1904 0,109787234 5,16 50 0,303529412 

1906 0,102765957 4,83 60 0,284117647 

1906 0,086808511 4,08 90 0,24 

 

 
The relationship between the angle of incident radiation and the angle of sensitivity of the 
yellow LED is shown in the Figure 5.6. 
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FIGURE 5.6, ANGLE SENSITIVITY OF YELLOW LED 

 

Although the yellow LED show more sensitivity with greater angles of incident radiation than 

the blue and the green LED, the sensitivity in the direct radiation is much greater than the 

other ones. 

 

 

 

RESPONSE OF THE LEDS IN DIFFERENT LIGHT CONDITIONS 

In this experiment the LEDs were tested in the indoor light conditions of the office, all the 

LEDs were tested in the same conditions. 

This table, Table 5.7, contents the type of light conditions, the distance from the light source 

to the photodetector, the illuminance generated by the light source, the current that crosses 

the diode, and the output voltage obtained. 
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TABLE 5.7, RESPONSE IN DIFFERENT LIGHT CONDITIONS 

light conditions Distance 
(cm) 

Illuminance 
(lux) 

Diode current 
(µA) 

Vout 
(V) 

Indoor office 0 35,8 0,000744681 0,035 

lamp 20 W 40 1911 0,361702128 17 

Indoor office 0 35,8 0 0 

lamp 20 W 40 1911 0,238297872 11,2 

Indoor office 0 35,8 0 0 

lamp 20 W 40 1911 0,363829787 17,1 
 

 

The only LED which generates some readable output in low light conditions is the yellow 

one, but even this measure is much smaller than expected. 
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CHAPTER 6 

CONCLUSIONS 
 
 

 

The last section is dedicated to a brief summary of the main conclusion and doing some 
proposals for possible future works. 
 
 

RESULT FROM PRESENT WORK 

In view of the results it can be concluded that the LEDs cannot be used for the final purpose 

of this project. 

The most important requirement is that the transducers must be sensitive to low light 

conditions, because the sensor has to regulate the road lighting levels, so it has to work in 

low illuminance conditions as can be seen in the Figure 2.7 and Figure 2.10. 

The results from the third experiment shows that any LED produces no output with an 

illuminance of 35,8 lux, value that belongs to the range of medium light conditions and too 

high to be considered as low light conditions. 

Also the angle of sensitivity of this kind of photodetectors is too narrow as can be observed 

in the second experiment, so it will be needed a large number of LEDs to sense the light in 

each direction, which leads to increased complexity and other design of the processing signal 

circuit. 

Otherwise, the LEDs act as wavelength selective photodetector as expected, this is the 

unique requirement that they meet. 

In conclusion it has been demonstrated that although the LEDs are cheap and common 

electronic devices which act as selective wavelength photodetectors, they cannot be used 

for the final objective of this project because they don’t meet the most important 

requirement required, they are not sensitive to low light conditions. 
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FUTURE WORK 

In order to use a photodetector that meets the requirements required for this project, the 
best option is to use the BPW21 photodiode, and a logarithmic amplifier like the AD8304 
because the sensor will work in a wide range of light conditions, the logarithmic amplifier 
compact the dynamic range, allowing us to see every measure. 
 

 Sensitive to low light conditions: As can be seen from the figure x the photodiode has 
response until tenths of lux. 

 Sensitive to a wide range of light conditions: As can be seen from the figure x the 
photodiode has response from tenths of lux to thousands of lux. 

 Wide angle of sensitivity: As can be extracted from the datasheet ϕ=±50 degrees very 
suitable for this objective. 

 Similar response to human eye sensitivity: This photodiode has a very similar 
response to the human eye sensitivity. 

 Linearity: High linearity. 

 Response time: Rise time is   =3.1µs and the fall time is   =3.0µs. 

 Sensitivity: 9nA/lux very suitable for this objective. 
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APPENDIX 
 

 
 

DATASHEETS: 
 

Yellow LED 
 

http://biakom.com/pdf/OSYL5131A-QR.pdf 
 

 
Blue LED http://www.oomipood.ee/kasutusjuhend/s300llb4g-

c 

 
Green LED http://www.tme.eu/en/Document/abf2a3727b2d02

235cd681a3a5c4a5e5/ll-304pgc2e-g5-1ac.pdf 

 
Operational Amplifier http://www.datasheetcatalog.org/datasheet/on_se

miconductor/MC33282-D.PDF 

 
Logarithmic Operational Amplifier http://www.analog.com/static/imported-

files/data_sheets/AD8304.pdf 

 
Photodiode BPW21 
 

http://www.vishay.com/docs/81519/bpw21r.pdf 
 

 
Luxmeter 
 

http://store.pcimagine.com/files/tm64man.pdf 
 

 
Oscilloscope http://www.rose-

hulman.edu/~rostamko/ece371/handouts/TPS2000.
pdf 

 
Signal generator http://cp.literature.agilent.com/litweb/pdf/E3631-

90002.pdf 

http://biakom.com/pdf/OSYL5131A-QR.pdf
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http://www.tme.eu/en/Document/abf2a3727b2d02235cd681a3a5c4a5e5/ll-304pgc2e-g5-1ac.pdf
http://www.datasheetcatalog.org/datasheet/on_semiconductor/MC33282-D.PDF
http://www.datasheetcatalog.org/datasheet/on_semiconductor/MC33282-D.PDF
http://www.analog.com/static/imported-files/data_sheets/AD8304.pdf
http://www.analog.com/static/imported-files/data_sheets/AD8304.pdf
http://www.vishay.com/docs/81519/bpw21r.pdf
http://store.pcimagine.com/files/tm64man.pdf
http://www.rose-hulman.edu/~rostamko/ece371/handouts/TPS2000.pdf
http://www.rose-hulman.edu/~rostamko/ece371/handouts/TPS2000.pdf
http://www.rose-hulman.edu/~rostamko/ece371/handouts/TPS2000.pdf
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