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Department of Pure and Applied Physics

M.Sc. Electronics Il semester academic year 2022-23

Core-9: Optoelectronics Devices Lab
Course Code: PLPCLT3

Credit: 2 (0+0+2)

Name of the experiments

—1.To study the I-V Characteristics of LED
2. To study the Voltage Vs. Intensity of a semiconductor laser Diode
. 3. To characterize the laser grating using semiconductor laser diode
4.To verify the law of Malus for plane polarized light.
5. To find out the characteristics of a photodetector.
_6.To characterize the solar cell and find out the FF and Efficiency of a
solar Cell.
7.To Study of the Electro-optic Effect using Semiconductor laser diode.
._-8.To measure the numerical aperture of an optical fiber. Using
Semiconductor laser diode.



Az = Study the chnracteristics ot opto electronic deviees, light dependent Resistor  (LDR) and

light Emitting Diode (LISD).

one DC repulated power supply o 0-3 volts, light dependent Resistor  (LDR) and light

Apparatus: -
(L1ED). Voltmeter 0-3 volt DC, DC miliommiter, and one lamp with stand connection

Fmitting Diode
wires ete,

Theory:-
I z\‘lj,z:hl Dependent Resistor (1LDR) or o photo resistor is a device whose resistivity is a function

of the incident electromagnetic radiation, Henee, they are light sensitive devices. They are also
unlla:«l as photo conductors, photo conductive cells or simply photocells, They are made up of
,ﬁc_n,u‘.m\duglmj materials having high resistance. There are many different symbols used to
indicate o LDR, one of the most commonly used symbol is shown in the figure below. The arrow

indicates light falling on it

\\ 7

A light dependent resistor works on the principle of photo conductivity. Photo conductivity 1s an
optical phenomenon in which the materials conductivity is increased when light is absorbed by the
material. When light falls i.c. when the photons fall on the device, the electrons in the valence band of
{he semiconductor material arc excited to the conduction band. These photons in the incident light
should have encrgy greater than the band gap of the semiconductor material to make the electrons jump
from the valence band to the conduction band. Hence when light having enough energy strikes on the
device, more and more electrons are excited to the conduction band which results in large number of
charge carriers. The result of this process is more and more current starts flowing throgh the device
when the circuit is closed and hence it is said that the resistance of the device has been decreased. This is
the most common working principle of LDR.
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- T § ¢ ihe LDR circuit. Also connec
Connect the output of DC power supply (Q-3 YDC) to the 1-nlpulo<;(fl’ sﬂl‘l«] o B Ioted lines. @w:
voltmeter, current meter and LDR in the circuit through patch € i oach ofher. Connect h
Place the lamp holder and LDR on a graduated wooden stand Oppfocurrent 2 fer 10 SmA. fm
lamp to AC mains and focus the light on LDR. S.elect the rang¢ 0 o swleh provided o the front
supply unit) using ON/OFF toggle o

Switch on the instrument (power
ote down the voltage &@"“

every time 1

panel.

Now increase the power supply voltage in small step and ; R = V/I

current in observation table. Calculate the registance valu of LDR by using f,?rrr,l;? o

Vary the distance (d) between LDR & light source and repeat the experiment again.

Plot a graph between resistance (R) vs Distance (d2 ,SQURE). ) . &

also note down the current (mA) for different distances between LDR & light source I0f fixed

voltage. ) ¢

Observation table for LDR //——G]

S,no. | Distance of Voltmeter Milliammeter | Resitance of LDR D2 cm?2 ¢
lamp from |reading v | reading O | R=V/RRT ‘
LDR d cm volt mA : __,l '

1

2 C.{

3 i.l

C

Light Emitting Diode (LED).
£ diode that emit a fairly narrow bandwidth of either visible Jight -

They are the most visible type 0
at different colored wavelengths, invisible infra-red light for remote controls or laser type 1i‘:e‘_

when a forward current is passed through them.
ly called, is basically just a specializ@i

The “Light Emitting Diode” or LED as it is more common
type of diode as they have very similar electrical characteristics to a PN junction diode. T

means that an LED will pass current in its forward direction but block the flow of current in the.
e

reverse direction.
Light emitting diodes are made from a very thin layer of fairly heavily doped semiconducb‘r |
he semiconductor. material used and the amount of doping., whew

material and depending on t
pectral wavelength. C

forward biased an LED. will emita colored light at a particular s
. X p J G "

When the diode is forward biased, electrons from the semiconductors conduction bt
recpmbine_ with holes from the valence band releasing sufficient enef'oy to produce p110;mqs
which emit a monochromatic (single color) of light. Because of this t'bhin layer a reasonablv
number of these photons can leave the junction and radiate away producing} a colored ‘:ﬁltl

output.
light emitting diode construction - ) e J
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Subpaisitelnoal HIERputicttotcdees-hot tiettlally emit that much light so the epoxy resin body is
constructed in such a way that the photons of light emitted by the junction are reflected away
from the surrounding substrate base to which the diode is attached and are focused upwards
through the domed top of the LED, which itself acts like a lens concentrating the amount of light.
This is why the emitted light appears to be brightest at the top of the LED.
However, not all LEDs are made with a hemispherical shaped dome for their epoxy shell. Some
indication LEDs have a rectangular or cylindrical shaped construction that has a flat surface on
top or their body is shaped into a bar or arrow. Generally, all LED’s are manufactured with two
legs protruding from the bottom of the body.
Also, nearly all modern light emitting diodes have their cathode, ( — ) terminal identified by
either a notch or flat spot on the body or by the cathode lead being shorter than the other as the
anode ( + ) lead is longer than the cathode (k).
Unlike normal incandescent lamps and bulbs which generate large amounts of heat when
illuminated, the light emitting diode produces a “cold” generation of light which leads to high
efficiencies than the normal “light bulb” because most of the generated energy radiates away
within the visible spectrum. Because LEDs are solid-state devices, they can be extremely small
and durable and provide much longer lamp life than normal light sources.

Light Emitting Diode Colours

So how does a light emitting diode get its colour. Unlike normal signal diodes which are made for
detection or power rectification, and which are made from either Germanium or Silicon semiconductor
materials. Light Emitting Diodes are made from exotic semiconductor compounds such as Gallium
Arsenide (GaAs), Gallium Phosphide (GaP), Gallium Arsenide Phosphide (GaAsP), Silicon Carbide
(SiC) or Gallium Indium Nitride (GalnN) all mixed together at different ratios to produce a distinct

wavelength of colour.

Different LED compounds emit light in specific regions of the visible light spectrum and therefore
produce different intensity levels. The exact choice of the semiconductor material used will determine
the overall wavelength of the photon light emissions and therefore the resulting colour of the light
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Procedure:-

1. Connect the output of DC power supply (0-3 VDC) to the input of the LED circuit. Also connec
voltmeter, current meter in the circuit through patch cords shown by doted lines.



2.
panel. e ; voltage &
3. Now increase the power supply voltage in small step and every ime note down the B
current in observation table. o and ¢ along Y
4. Plot a graph between voltage and current by taking voltage along X axis and curren =
axis.
Observation table for LED:-
s.no. Forward voltage (V) Forward current (I)
1
2
3
4
5
LED Characteristics
g 30~ -
£ | | Y%
o g 20 1 ol -
T £ ; - - -
5~ 10 4 ; s
s : : ey
o {)‘ 3 - B e ..;_‘—*‘"\. -
w
] 4.5 1 3.5
Forward Vollage {Volix)
Result:- 1. forward resistance of LDRiS ccccovvvveenn.. and forward resistance of LED is.....
2 Voltage ...... & current ...... .... LED start Glow, Voltage ...... & current ...
LED fully Glow.

Precautions:-

1.

2
3.
4

Firstly read about complete experiment then perform.
Connect circuit properly according to diagram.
Check connecting wires before use.

Connect current meter in series only.

’f

] i - ided on the frons” ;
Switch on the instrument (power supply unit) using ON/OFF toggle sw itch provide -
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—— where-misan.integer (+1, %2, £3..... ), ais the

.determine slit width of single slit by using semiconductor Laser.

Semiconductor laser, Single Slit, Double Slit, Screen, Scale, tape etc.
Theory:

If the waves have the same sign (are in phase), then the two waves constructively interfere, the net amplltu:e i
large and the light intensity is strong at that point. If they have opposite signs, however, th(.ay are aut o.fp s
and the two waves—destructlvely interfere: the net amplitude is small and the light intensity |‘s we?k. It rs.these
areas of strong and weak intensity, which make up the interference patterns we will observe in this experiment.

e thanone
Interference can be seen when light from a smgle source arrives at a pointon a viewing screen by mor

path. Because the number of oscillations of the electric field (wavelengths) differs for paths of different lengths,
the electromagnetic waves can arrive at the viewing screen with a phase difference between Heir
electromagnetic fields. If the Electric fields have the same sign then they add constructively and increase the
intensity of light, if the Electric fields have opposite signs they add destructively and the light intensity decreases.

Diffraction at single slit can be observed when light travels through a hole (in the lab it is usually a vertical slit)
whose width, @, is small. Light from different points across the width of the slit will take paths of different lengths

to arrive at a viewing screen (Figure 1). When the light interferes destructively, intensity minima appear on the
screen. Figure 1 shows such a diffraction pattern, where the intensity of light

is shown as a graph placed along the screen.

dntensity of
For a rectangular slit it can be shown that the _ Light

minima in the intensity pattern fit the formula

_,
b~
Y

asin = mA o

width of the slit, A is the wavelength of the

light and @ is the angle to the position on the Figure I: Diffraction by a slit of width a.

Graph shows intensity of light on a screen.
screen. The m™ spot on the screen is called

the m" order minimum. Diffraction patterns for other shapes of holes are more complex but also result from the
same principles of interference.




A peiiiii i

J : Tewi
‘lyistance from the slit to the screen, L. For each of the slits, measure and record a value for y on the viewing

v RO —

rocedure: |

}Biffraction at single slit ) | \

‘he diffraction plate has slits etched on it of different widths and separations. For this part use the area Wherg \

fHere is only a single slit. ‘

For two sizes of slits, examine the patterns formed by single slits. Set up the slit in front of the laser. Record the

screen corresponding to the center of a dark region. Record as many distances, y, for different values of masyou |
can. Use the largest two or three values for m which you are able to observe to find a value fof a. The
semiconductor laser has a wavelength of 670 nm.

Observations:

|

Ny T O SSC

Table 1: Single slit

L= e Az b FOO A )

——

Diffraction Distance. v viL
Qrder, m

Angle 0 = sin 0

U=

=T |

Result : Slit width = ......
V

Precautions:

Look through the slit {holding it very close to your eye). See if you can see the effects of diffraction. Set the laser
on the table and aim it at the viewing screen.

DO NOT LOOK DIRECTLY INTO THE LASER OR AIM IT AT ANYONE! DO NOT LET REFLECTIONS BOUNCE AROUND
THE ROOM.

Pull a hair from your head. Mount it vertically in front of the laser using a piece of tape. Place the hair in front of
the laser and observe the diffraction around the hair. Use the formula above to estimate the thickness of the

hair, a. (The hair is not a slit but light diffracts around its edges in a similar fashion.) Repeat with observations of
your lab partners' hair.



AIM:a-SMymet-v:hanctedmcsotmcd.

APPRATUS REQUIRED: Solar cell mounted on the front panel in s metal box with comnections beougi
oWt on terminals. Two meters mounted on the front panc! to measure the solsr cell volisge 2nd curent.
Different types of load resistances sclectablc using band switch also provided on U front panel. petch
chords for connections. a lamp holder with 100 watt lamp.

THEORY:

The solar cell is a semmiconductor device, which converts the solar encrgy into electrica! energy. It is siso
calied a photovoltaic cell. A solar panc! consists of sumbers of solar cells connected in serics o parslie]l The
aumber of solar cell connected in a serics goncrates the desired output voltags snd connected in paralicd
generates the devired output current. The conversion of sunlight (Solar Encrgy) nto chectrc soergy takes
place only when the light is falling on the cells of the solar pancl. Thercfore i most practical appiaatsons,
the solar pancls are used to charge the lead acid or Nickel-Cadmium baticrics. In the sunlight, the solar paned
charges the battery and also supplics the power to the load directly. When there is no sunlight, the charged
battery supplics the required power to the load.

Fig. 1a Working principle of a solar cell

A solar cell operates in somewhat the same manner as other junction photo detectors. A built-in depletion
region is generated in that without an applied reverse bias and photons of adequate 2 energy create holke-
electrons pairs. In the solar cell, as shown in Fig. la, the pair must diffuse a considerable distance to reach
the narrow depletion region to be drawn out as useful current. Hence, there is higher probability of
recombination. The current generated by separated pairs increases the depletion region voltage (Photovoias
cffect). When a load is connected across the cell, the potential causes the photocurrent to flow throwgh the
koad.

The e.m.f. gencrated by the photo-voluic cell in the open circuit, i.e. when no curment 1s drawn from 2 &
denoted by Voo (V-open circuit). This is the maximum value of e.m.f.. When 2 high resistance o mtrodoced
in the external circuit a small current flows through it and the voltage decreases. The voluage pocs o falling
and the current pocs on increasing as the resistance in the external circuit is reduced. When the resstance s
reduced 1o zero the current rises 1o its maximum value known as saturation current and 15 denoted a8 Is, the
voltage becomes zero. A V-1 characteristic of a photo-voltaic cell is shown in Fig 1b
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e g B — wis k a ideal power. :
The product of open circuit voltage Voc and short cireuit current 1s¢ is kKnown @ P @
< Ideal Power = Voc X Isc

airve. [ Vi
-~ . . ’ . . formed under the V-1 curve. G
The maximum useful power is the area of the largest rectangle that can be formed |

and lmare the values of voltage and current under this condition, then
Maximum usetul power = Vm X In

The ratio of the maximum useful power to ideal power is called the fill factor
O Fill factor= ITm X Vm /1 Voc X Isc
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FICR (1)

When experiment is performed with 100 Watt lamp:
1. Place the solar cell and the light source (100 watt lamp) opposite to each other on a wooden plank.
Connect the circuit as shown by dotted lines (Fig. 2) through patch chords.

the voltmeter range to 0-3V, current meter range to 0-5 mA and load resistance (RL) to 300 -1kQ.
- Switch ON the lamp to expose the light on Solar Cell. G
4. Set the distance between solar cell and lamp in such a way that current meter shows mA deflections. Notd
down the observation of voltage and current in Table 1.
3. Vary the load resistance through band switch and note down the current and voltage readings every time in
observation Table . €

6. Plot a graph between output voltage vs. output current by taking voltage along X-axis and current along Y-

e € € € € € € £ O £ O

VSN (S ]

axis. €
OBSERVATIONS 5
€
S. no Voltage Current Load  resistance

(RL) ¢

1
5 <
3 ¢

4

P
e
G

€

L=

=> ;
PRECAUTIONS:
1. The solar cell should be exposed to sun light before using it in the experiment.
2. Light from the lamp should fall normally on the cell.
3. A resistance in the cell circuit should be introduced so that the current does not exceed the safe operating
limit.
VIVA VOICE QUESTIONS:
1. What is the difference between solar cell and a photodiode?

2. What are the types of semiconductor materials used for solar cell?
3. What is Dark current?

4. What is the difference between solar photovoltaic and solar hot water system?
5. What is the response time of photo cell?
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Optical communication system :-
communication in which light is used to carry the

Optical communication is any type of
| communication relies

signal to the remote end, instead of electrical current.Optica
on optical fibers to carry signals to their destinations.

INPUT DA TA
Ccer orr OFF

S T TRANSMITTER |———n LIGHT
1¢ 1010 7] TIRCUITRY [ SOURCE >
( FIBER OPTIC CABLE
| RECEIVER
DETECTOR \ SIRCUITRY —> W T N T S U
v 101010

» o ‘ -
I OUTPUT DATA

How can optical fiber be used for communication?

Fiber optics (optical fibers) are long, thin strands of very pure glass about the size of a human hair.
They are arranged in bundles called optical cables and used to transmit signals over long
distances. Fiber optic data transmission systems send information over fiber by turning electronic

signals into light.

What is optical transmitter and receiver?
A fiber optic transmitter is a device which includes a LED or laser source and signal conditioning

electronics that is used to inject a signal into fiber. Fiber opticreceivers capture the light from a
fiber optic cable, decode the binary data it is sending and then convert into an electrical signal.

What is the optical source?
optical source: 1. In optical communications, a device that converts an electrical signal into
an optical signal. Note: The two most commonly used optical sourcesare light-emitting diodes (LEDs)

and laser diodes. 2.

What is the line width of a laser?
The linewidth (or line width) of a laser, typically a single-frequency laser, is
FWHM) of its optical spectrum. More

thewidth (typically the full width at half-maximum,
precisely, it is the width of the power spectral density of the emitted electric field in terms of

frequency, wavenumber or wavelength.

n optical fibre:
(NA) is a measure of how much light can be collected by

| fibre or a microscope lens. The NA is related to the
that can be accepted by

Numerical aperture of a

The Numerical Aperture
an optical system such as an optica
acceptance angle 9a, which indicates the size of a cone of light

the fibre.

Numerical aperture is thus considered as a light gathering capacity of an optical fibre. Numerical
s light acceptance cone. i.e. NA= Sin

Aperture is defined as the Sine of half of the angle of fibre'
6, where 8,, is called acceptance cone angle.
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g el o le of an optical fiber is defined based on a p'ureli?ttigng the fiber core which aliows 1
(The ncficp?!:(i:ft:l"zg%fwimum angle of a ray (against the fiber axis) G,I
ray optics): it 1s axi a i
the incident light to be guided by the core o nen o tical foer, - Q—l
. A = >s - physics critical angle). !t the cladding |
2 the sr-optic critical angle = (90 degrees P flecting from the B
,'iqu}?tri‘:cil,'g,.qtl&%g:?gh tl}:e core (M1, high index of refraction) :ty. corl\\z;ayr:‘ér"eeater than the critical angle. & ‘
> (ST racti ight is a _‘
(m2, lower index of refraction) because the angle of the lig QVI
What is the cladding in fiber optics? o ctive index, in G
wer retra ) i
Ay light to be &

oy i i i layers of materi .
Cladding in optical fibers is one or more hate ocladding causes
intimate contact with a core material of higher refractive index. Th Sty between the two. -

confined to the core of the fiber by total internal reflection at the bound
G,

ive i ing is di t?
Why refractive index of core and cladding is different: ) 5
The refractive index of the core, n1, is always greater than Fhe index Of'éhedaAd:‘i\?Ss,t?ated, a‘
Light is guided through the core, and the fiber acts as an optical waveguide. ...

light ray is injected into the fiber-optic cable on the left. %
.G

!

€

What is the purpose of the cladding in a fiber optic cablie? L
The larger the core, the more light that will be transmitted into the fiber. Cladd!ng. ‘
The function of the cladding is to provide a lower refractive index at the core interface in

order to cause reflection within the core so that light waves are transmitted through the fiber.
4

What is a fiber core? ‘
The core of a conventional optical fiber is a cylinder of glass or plastic that runs along |

the fiber's length. The core is surrounded by a medium with a lower index of refraction,
typically a cladding of a different glass, or plastic.

wvav.explainthatstuff.com
Total internal reflection

Cladding has lower
refractive index
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DETERMINATION OF NUMERICAL APERTURE OF
OPTICAL FIBERS

OBJECTIVES:
To determine the numerical aperture of the PMMA FIBER cables included with
this FO-1. |
BASIC DEFINITIONS: -
Numerical aperture of any optical system is a measure of how much light can be
collected by the optical system. It is the product of the refractive index of the incident
medium and the sine of the maximum ray angle.
NA= ni.sinBmax; Ni for air is 1, hence NA = SinBmax;
For a step-index FIBER, as in the present case, the numerical aperture is given by
N= V(Ncore” = Ncladding”)
For very small differences in refractive indices the equation reduces to
NA = ncore V(24),
Where;
A is the fractional difference in refractive indices
The fiber may refer to the specifications of the PMMA FIBER given in appendix-1

and record the manufacturer's NA, Neiadding @Nd Neore @aNdO.




STEP-BY-STEP PRO CEDURE:

(WITH BLOCK SCHEM
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FIGURE — 2: THE SCHEMATIC OF THE NUMERI

MEASUREMENT SYSTEM
e 1 (1-meter FO cable) to FO LED in the FIBER Optic

LED driver section

2. Switch

Turn the Set Pout knob clockwise to set to maximum

increase.

vertically at a suit
coincide wit
mus
the distan

You may measure the diameter of the circle accu

NA = sinBmax= W/ (4L2+W?

Tabulate the reading and repeat the for 15mm, 20mm and 25 mm diaméters too.

Connect one end of the Cabl
of FO1 and the other end to the NA Jig, as s

Hold the white screen with th
able distance to make the red spot

h the 10 mm circle. Note that the circumference of the s

Compute NA from the formula;

On the trainer. Light should appear at the end of the FIB
Po. The light intensity should

t coincide with the circle. A dark room will facilitate

ce of the screen from the FIBER end and n
rately with a suitable scale.

CAL APERTURE

hown in figure - 2.
ER on the NA Jig.

e concentric circles (5, 10, 15, 20 and 25mm diameter)

from the emitting FIBER
pot (outermost)

good contrast. Record “L”

ote the diameter) of the spot.
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PAGE: 20

5 In case the FIBER is under filled, the inte
distributed. To ensure even distribution of light in

o e
FO LED
1 2
Fo Pl ‘
{
fé‘t:-" SRY; /
meandrel
set Pou m
1A TESTER
yse of paandrel
FIGURE -3

ensity within the spot may not be evenly
the FIBER, first remove twisis on

the FIBER and then wind 5 tums of the FIBER on to the mandrel as shown in figure-
3. Use an adhesive tape to hold the windings in position. Now view the spot. The
intensity will be more evenly distributed within the core.
TABLE -1
s.No L (mm) W(mm) | NA 8 (degrees) |
1 10 10 | o447 | 28.5 x
5 16 15 | 0423 | 250 |
3 20 20 Qa7 | 285 |
4 26 25 0432 | 2584 |
5 30 - i - -
DISCUSSION: NG =

The numerical aperture as recorded i
typxcally the value measured here is 0. 437.
the FIBER being under 1i filled. The acceptance

deg

again due to the FIBER being under filled.

rees recorded in this is close to the range of 55-

n the manufacturers data sheet is 0.5
The lower reading recorded is mainly due to
angle is given by 28max. The value of 52
60 degrees. The lower reading is

7.
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WIRING DIAGRAM
SECTION I1I:
EXPERIMENT-1
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Experiment No. - 03
Aim: -
Study the characteristics of opto electronic devices, Photo transistor and Photo diode.

Apparatus:
s: one DC regulated power supply of 0-3 volts, photo transistor (red terminal for collector

and black term;j .
erminal for emitter), voltmeter 0-3 volt DC, DC miliammiter, and one lamp with stand.

Theory: -
Xy figure 1. Shows the standard symbol of a phototransistor witch can be regarded as a

Zi?:rif;;l??;ittr;iseis;or .hou-sed in a case that .ena.ble its semicox'ldu(ftor functions to be exposed to
it e e.ffectivelewce x.s nonally used with it, base open. circuit. The collector junction of the
baso-collonre e y ffevdelj‘e blase‘d and thus acts as a p.hotodlode the photo generatc.dhcurrcnl of the
o ke ‘the : 1?“ <t3e .1rect1y in to the base of the c'hode z‘md normal current umphi.ying transistor
collector oot emittertlcm .culrent to appe.ar(greatly .amphﬁe.:d fO}'n1)as col}cctor current.in practice the

i urrent of the transistor are virtually identical and since base is open circuit, the
device is not subjected to significant negative feedback. The sensitivity of a phototransistor is typically
one hundred times greater than that of a photodiode, but its useful maximum operating frequency (a i‘c\'\'
hundred kilo hertz) is proportionally lower than that of a photodiode (ten of megahc-:rtz). A

Phototransmtor can be converted in to a photo diode by using only its base and collector terminal and
1gnore the emitter.

e alas
oc-o/dceo%@n_. 4+ . 4“-.@_,0—1,

N ngut e gy
B

O-3V DC-
Posc  E

o— s

ARG
P

Ewiten
Phototransistor

a transistor, usually bipolar, in which minority carriers are injected on the basis of an internal
photoelectric effect. Phototransistors are used to convert light signals into amplified electric signals.

A phototransistor consists of a singlecrystal Ge or Si semiconductor wafer in which three regionsare pro
duced by means of special technological processes. As in a conventional transistor, theregions are called
the emitter, collector. and base; as a rule, the base has no lead. The crystal isplaced in a housing with a
transparent window. A phototransistor is connected to an external circuit

in the same way as a bipolar transistor with a common-

emitter connection and a zero base current.When light is incident on the base or collector, charge-

carrier pairs (electrons and holes) aregenerated in that region: the carrier pairs are separated by the electr
ic field in the collector junction.As a result, the carriers accumulate in the base region, causing a reductio
n of the potential barrier inthe emitter junction and an increase, or amplification, of the current across th
e phototransistor incomparison with the current that is due only to the migration of carriers generated dir
ectly by theaction of the light.



\s with other photoelectric dev jces, such as photocells and photodiodes. the main parameters andcharact & ?

Ax with orther photodiccing vy S e e A . e . N . ‘
istcs of x}mfou\miiitm\‘ are the luminous sensitivity. spectral response, and timeconstant. The lumino I

onsSucs @ H [SES R NTL RN g . . . b » T & < <

= : i;{\~§{\* is the ratio of the photoelectric current 10 the incident luminousflux. For the best specimen >

us NN VIS IO I : l

< N SRS ¢ ST OOR tho/.
s of phototransistors—for example. ditfused planar devices Crg

' TN o ‘i 3 N 113
luminous sensitivity may be as high as 10 amperes per lumen. The spectral response, w hich is thesensit:

(8 D DCAR o4 SR = = o o Lo ~- - -
vitv to monochromatic radiation as a tunction of wavelength, defines the long G

wavelenath limitfor the use of a particular phototransistor; this limit, which depends primarily on the w1 W I
SN = . . . e I atere Fi P T

dth of theforbidden band of the semiconductor material, is 1.7 micrometers t9r germanium and 1.1micro R
meters for silicon. The time constant characterizes the inertia of a phototransistor and does notexceed se ‘
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veral hundred microseconds. In addiuon, a phototransistor is characterized by thephotoelectric gain, whi 9 ‘
or -onds. et
ch may be as high as 10107

Procedure:- « g l,
. . - o o ';
1. Connect the output of DC power supply (0-3 V DC) to the input of the photo transistor circuit & » ‘ |

Also connect volt meter, current meter and photo transistor in the circult through patchco‘ds“~ ‘E »
shown by circuit diagram. '

. L g l .

2. Place the lamp holder and photo transistor on a graduated wooden stand opposite to each other.™
Connect the lamp to AC mains and focus the light on photo transistor. @

3. Switch ON the instrument (power supply Unit) using ON/OFF toggle switch provide on the fromb- :

4. Now increase the power supply voltage in small step and every time note down the voltage ande

current in table no. 1. :

¢

:Jl

Plpt a-eraph between voltage and current by taking voltage along X axis & current along Y axis.
6. Repeat the same procedure for different distances between photo transistor and lamp wen circut
is reverse bias.

o

7. Plot a graph between distance and current by taking distance along X axis & current along Y
axis.
B

Observation table 1 (If circuit is forward bias).

I
]
|
|
|

f | &
C

=]
e

Collector voltage (Vc) | Collector current (Ic)

(V13 V5 FUSY IS ey P




Observation table 2 (If circuit is reverse bias voltage constant).

s.no. Distance(d) or | Collector current (Ic)
: intensity of light
2
3
4
. =
N
Ic
Distance
Photodiode:-

or device which detects presence of light. It is used to
PN junction Photo diode have P type and N ty¥pe

semiconductor forms junction. Thin P type layer is deposited on N type substrate. P-N junction has a
space charge region at the interface of the P and N type material. Light enters through P-layer as shown
in the following figure. This diode has relatively thin depletion region around the junction. It is reverse
biased to increase width of the depletion region. Photons of light entering in P-layer jonize electron-hole
pair. Photon generates electron-hole pair in the depletion region that moves rapidly with the dnift

velocity by the electric field. Responsivity is important technical term related to the photodiode. It
is ratio of photocurrent to incident optical power. Responsivity of the photodiode is proportional t©

width of the junction. Photo diode is used in fiber optic communication at receiver side. It detects
incoming light from the fiber end and converts it into electrical signal. It can be also used in remote

Control receiver.

The semiconductor photodiode is a light detect
convert optical power into electrical current.
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Anode Cathode
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Photodiode symbol

Observation table 1 (If circuit is forward bias).

voltage (V) Collector current (1d)
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Id

Voltage

Observation table 2 (If circuit is reverse bias voltage constant).

[ s.no. Distance(d) or | Current (Id)
intensity of light

| W |~

Ic

TG
Distance

Result:- 1. The forward resistance of phototransistor is
(decreases when the intensity of light decreases, distance between lamp and transistor increases.

2. The forward resistance of photodiode is
intensity of light decredses, distance between lamp and transistor increases.

- =

Precautions:-

1. Firstly read about complete experiment then perform.
2. Connect circuit properly according to diagram.

3. Check connecting wires before use.
4. Connect current meter in series only.

........ and found the reverse current !

..... _..and found the reverse current Idr (decreases when tig
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Objectives % R T
£4 (1 Toplotthe cumrent-voltage characteristics of a Cd$ pholo-resistoratconglant imadiance,
i @To m easure he photo-curent as atunction of theiradiance atd constantvol tage. ,
Apparatus INDOSAW SKoo7  + . ° oyt T s
Intraductien : . i : . \
Whenﬁ“ghtraﬁiaﬁcnsfailonmeinsulaﬁngm'stal, aninpmasai'nelecui;:alcanducﬁvilyﬂfth;aEfln;'slaltaka i

place. This phenemenon is called photocondustivity: G d Pohl did a lot of research et .-
Ehﬂtéﬂunducﬁgim'irhey found that:p _ Mgy Gudden an. e h viork o

{2) For a given material there wa Y o + . ' ;
A il iconiliy '@ was a similar Yependence of light absorption and the extinction of
:”  Photoconductivity bylighton thewavelengthof light. -

- B)Thepresence of impurities extended the region of photosensitivity to longer wavelengths.

{c) Scmn irﬁputiﬁes_ when incomporated could feduca photosensitivity of the matarial, Direct.efiect of |
huntnatonis toincrease the numberaf rmobilz charge carriersinthe crystal. Fit

"

IR T AT A
] _ s o

b L B
LA

Feay Y

- Theory ; ; ; : '
_wi-,;en the snergy of the incident photon exceeds the energy gap E;, free electron-hale pairs are produced
i the crystal due to the absorption of the incident photons. The electrons and the holes serve as the -
Camers sfﬂ?gz electiical conductivity, The slectrons ara in the conditction band andthe holesinlhevalence
band ¢ the Srystal, Therefore, phatoconductivity arises due io the reasen that the incident photons excile

ﬂ'.r:-'glgci{nns rom the valence band info the conductian barid wherg thigy becoms maobile and creaticn of
noies inthe valence band where they are alsomobile, - 5 N " ) '

b e e e A T
g Yo

]
j : |
It may bz peinted out that phote-conduction is not an ‘intrinsic phenomenon. The impuriias’ and 1
imperfections in the crystals also contiibute ta the photoconductivity. If donor /accepter impuritics are”
present, then even. the photons having energy below the threshold for the production of electron-hole
Pairs may be able to produca mobila electronsnrhn!es—.: L ] 1

-1 Th= role of imperfections is guite important inunderstaiding the ﬁhénnmenp'n of phqtnmﬁc!ucﬁ@jf,jr;;ﬂua i
1 .10 impereciions, discrete ensrgy levels are inffoduced inthe forbidden eriergy gap. Thess are cdlled
’ fréps; _' . i

2 Thus: phaolocondutivily is a process in which electrons {or holes) ave freed from one or other typs of
: gggzdpsgare by nholan'g.'spend some time in-the conduction band {or valenca band) in which they act
L& ;Jl"’Eﬂt ca};'ie;s ‘and ara finally recaplured by the traps. As soon &$ the incident radiation Is removed,
Ehc'}tomn-:'ucliviw disappaars because the holes and eigclmns recoinbine with each other.
i fnhotoconductivity with illumination . - i» ) S i
i ﬁrlat_i:S G'boi;?ihc;t alectron-hole pairs are produced uniformiy throughout the _\mh.}ma qf.tha crystal _b,r ol
I;f!atc?iz&crf Eﬂi‘h an external light soures. Recombinalioi occurs by direst combination of electrons with.
3 “fior e

holes. It may be assumed that eleclrons lnaving (he crysial at one end are replaced by =lectrons fowing in

from the opposite electrode. The mobility of holas may be neglected in comparisan vith the lmhilitykm‘ the
electrons. : T
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:§ Phatoconduttivity may ba writien ag | : Wik 8 Forrtlon

. g=nap - ¢
where, “it s the eleclion mokith o . ()
voitage, the phﬂtn-currénr\?;%t:ﬁ?uaﬁd n1s lh? cloclron concontratlon In the standy stote. At o given
unitvaluma of the specimen par ui':it]:‘ ghtintensity s L™, whora L s tha number of photons nbsorbod par
2 Ime:The exponent observed may ba usunlly batwasn % and 1, with

s0me ayslals having higher ex; :
level andQ. rooponent, In case of CdS crystal, he oxpo - ‘ |
and0.58 athigh lavel ﬁhﬂum.mattan.lTlm rasponseo Hgm s given b;rj nim veihaae eaen 0,82l o

From equation {1}1.:;& get t": Ry i
Ne=afe p Y.
t=ofa ul S A i2)

EESP*?-'“S& tf;ma is the time during which carrier concentration should drapt us'n:)
| ﬁsﬁf o time should therefore be directly propartional to the photoconduttivity at a given illumination
&v@i L. Sensitive phota-conduetors should have long response lime. . Pl

1

|3 Alrap s an impuiity stom or atherimperfection in the crystal capable of capturing an electron or helé. The

= -4 oaplured carier may be re-emitted at a subsequent ime and may move to ancther tfrap. Thers arg two !

i § lypesorimaps: ST A : Ve - \

fi) ©na type heips in recombination of holes & electrons and thus te restore themal equilibrium, Thesa

3 - iraps zre called as recummbination centres. Raceimbination lakes place at-much higher rate imthe
presenceofiraps. - - TR R S . - . :

(i1} Second type of fraps affect malnly the freedom of motlon of charge carrlers of one sign or the other. Lis
cbserved therefore, that'the ‘presence of treps reduces the conductivity and also reduces the
‘responsztime. : y ;o '
Space charceeffects ‘ : TR e : A :
in photo-conductors, space charges arise when the fllumination is not uniform throughout the crystal or
when the electrodes cannot supply charge cifriers fraely in the crystal. The photo-curients may be
reduced elfsclively and ullimately stop flowing wheli the electric field of the surfacs charges just cancels

the fleld appiied by the elettrodes, z o
- Frocedure . g e | Y 3 \ 1 ) 1‘
{1Mcuntihe lamp housing (H), acjustable slit séff-centering (A)/polarizer (P}, analyzer(P;)lehs (L yand
“pioto-resister (Ryon the oplical benchas shown Infla 1, : o - ”
A e
L T I8 H
gl é‘ & g
j\ (R
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R L T Vs 3
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; el ‘ AL
Fig. 1 : R B L
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\ () FU&}HEI:B?L the leads of tha lamp huuslng {otha pﬂwer sup p:}f (0'12‘-" ACIDC, SA""‘P } and EPP'}" 10Vap
- lothalamp.

- (3} Adjust the heights of the lamp housing, ad,::atabls sl‘t se]f-cenlenﬂQ, PDTEIHE"’ ana;fz;:r letis ang ‘
. Phote-resistar such thatall nff.hem lia onsame cptical axis. : '

“ {3} Make he mnnechcns lothe phaln resistor and mulimeler as showninfig-2

: H A ﬁ‘i T R L T
B 3= _M.j,'a’ — - : +-!‘5 —1 {
; Rk | -9 " i
i ; § R sl
i e & '
; \ : z-mrmc &4 CIVECEAl | L.
: b o awT R g DE .6 : ; =
o ?? - "'?T'l' % -y AT
7, 2. L'——'—' o5 .

{,,.nﬁlaﬁ;sm{mapdame:andana'yzeram“;raﬁ;_ 4 B 4B e R T

{6) Adjtist the tamp, Ians and phctn-r&mstf‘r =0 lhat
7 rEsister.

(}’} "~‘etmavcitageofﬂcpmvarsu;:pfy{&*i&‘:[)ﬁ,._A.-r.p)‘o  PAV A o

IQ) Adjust the vidth of the self centering aﬂ*ust—ahlﬂ sl'zt 20 mata current m‘ abau
whctoresistor. Keep the width of tha skt fixed for the eXpariment.

a hcmugeneous ray. nf i ght L.Eurmata; ﬁ1=~ photo, * 1

# ‘,‘
= 1

tﬂm fovws l}*m-aghﬂ're <]

' Wote: When the Bluminzfion s thangad, the response ofthe pholo-resistoris siow . itt2kes soma éima Lmﬁ

iz nevs value of lhe resistancs ;s :ear'ﬁed Ecrare noling the values, wait untl a stafionany stala is
reacked. . 2 : TS

'i

ia}!ﬁeasuﬂng the n‘mtoﬂ.unentl asa fur*:tmn of the*;u'ta gelata -:‘:o“u.:tam :r':dagnga Ll 3
() Setihe analyzerat 0° mark provided on e an: alyzer.

i) Intermupt the path of lhe ray of light and o
- residuallighfness. -

@i} Stastingfrom 16V, reduca the vol!sgﬂ- UtadVin ;tﬁpsnfz‘u" Mieasura the photo
- andrecordit. ;

atermms the phato{urrent L due 10__

~current'1;,, each time

[ (v} Hepeatthe series of measurements with ar-...f:?}“e'-ﬂl' 2. 20%, 80% and S0,



| h]a,'l;usuril‘ln ﬂ“?’ Ph"t““‘mm"ﬂmﬂﬂ "'fllhctlun ui'thalrradlﬂnnu ata conslantyoltage U
' () Settho voltage Uta 46V vInterrupt the

i = i Bl

IJUEEMW |

4

rostduallighlness, path °“hﬂ 'ﬂ!r' of Ilghtand measurathe phuio-wrrenti, duato

vardertovary the radlancs |
(i) Inordertovory n nereags tho angle bah‘mun the polarization planes of tha pfolarlzers In
~ stopsof10° from 0% lo 90°, Muasura lhe phalo- e:.urrennhmchlrma and recun;ht

(i) Repaatihe serlaanfmeaauremanl&alu Wnnd LI~W ' ' s i
Note: Tho photo-rasistor fs Influsncad even by ahgm msfa'ual fightriess in tha expanment rocm, The |

experiment mustbﬂ perfunﬂad inadarkroom, -,

Observations i ; ' |
1}ieasuring Phﬁtﬁ curtentL, as ﬂ[um:llnn of ‘u’altagn U at a r:nn.,t::nﬂrraﬂtuncﬂ.&
oy | mee | st | T maerc| zeatee”
S| may, | (may [ (A (mA)
b 16| 975 | 585 | 368" | 083
4 14| B4 402 | o7o | D8t
L 12 | 72r | 420 | 220 | 088
1o | 582 | 847 {189 | osT v
— g | 457 i oA 1=a-_- 0.45.
6 |o324.| 208 .| 140 | 033
¥ 4 | 200 1,35 0.74 g2z i VD
2 | 077 0.69 0.37 0 . . et
Current voltage _{::l'l,nlra-:térléﬂcﬂ ofGds .. | 2
phatoresistor - e . A :
j r_ ‘ . .,
J 7 FI- I"EF ‘@i::ﬂﬁﬂ]"“‘!.ﬂ _‘E'II‘LfLit:' .*_A ‘ -;:,
0 0 15 20 .
R1] _['.'L:-Itu} - A
o S— S e s sy s ey I s '
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Flg. 3 F ! e A



Z)Measuring pholocurrent ], as 5 function of I‘nadhncﬁ- bata ﬁlnnsianl voltage Lk

lNﬂﬂE Vit

Bl e STt

@ | Cos'a | 1,aliev| rhatev | Taativ
) (mA) {mA) "(mA)
v 1.00 973’ | 488 0.57
liy 0.97 0,49 A.47 0.54
20 '0.88 B.61 4490 0.51
a0 0.75 770 | 375 0.49
a0° 0.50 658 |- 323 0.39
5 04 | 525 255 0.33
60° 0,25 292" 1.89 024
7o 012 - 257 | 123 0.15
iy 0.03 1.50 0.71 0.09
o0* 0.00 1.1 0.53 0.06
Current-iradiance ch‘am:tﬂj&ﬂca of C4dS
{ photoresislor
1200 ToTIEITN -ﬂr.l?‘. = "I"""]i' =¥ :
: T *E.I'J'""'l _.;; * ﬂ‘_ 5 "4?"1“14;-. _"..1. AN -\l 2\5’.‘,“:\‘«
; lﬂ'ﬁﬂ"ﬂ ﬂ.:;r '13.-' ] -'!*"‘h o LRt P 7“" i'J: q'ﬁrr:
% ij ;._,., v 2 18 __3 - A T -
ey BOD PR e = B R "“:*::r
‘E .00 “-'f;;.'l'—r—a em (.. R __'L'ﬁ " II:"'-E-..:'.';-.-.- For &1 155
= &au, .,=L;; ] %.{*h
| i
Py
ML
040

Rasull

The CdS phole- reslslor beliny e Ske an ohmic re:lskingo ;hnldapﬂnda "-‘l“'-“"lm'ﬂ!'t AR,

oy i) e
;'__r‘.T LT



