Study material on Different types of Diodes:
SEM-VI (Gen) Paper — DSE-1B
Dr. Dipika Saha
Department of Physics

CGII9 OIS

(G TITIG ( Zener Diode) XTI A6 [RTAT AFIIR TITIG TN ALK TLITGF NCOT OGS AIR(F BYNH
Y AT MRS I A, 0T RS MF8 21RS F0F M [0 (FFONGA (SIFBIGE Nl G q1F; 92
(OIFBOF (GAIE (OIF06r I RO A | AR I(HI N 14T (AR A2 ([{@Ifod (RIS WRHEED IS
(NI NI A |

(G IS Z0AT GF YN O UIAF (OIFPRFS p-n TILHW TITIG, I FISTEG I3 TS SoF I F1S
B | (GAIF TICATG (MYTO 28RMG #1HK Z I WS | (G IS V-1 (IR (FU19 (FF IO f[IG8TH 10 A
| FIGTG (SIFHT (GNIF BITING SR TITANGH VO FIG B |

SN IO AN (G OIATG (FIONGH ( I (O ) (OIE00 WP IV AT ACF| G (FFOrGN
(SIE0G; (TIfH1e (1 NS (T ) a7 AR B fR$7 FE|

SR GITATG CFL [T (UG (SIF6IOH TP~ GG VAT [Fonf FEH AA1Ee =7 WK 46
T W 9| fFE (GIF TING GFTa A6 N8 W1 =0F [RUE (G S5 AN STHEW A IF0A ATTIFS
(S0 T2 (TF T (FN OICATGT SNG4 FIATG ATE I VT JF0 NHE (I ([FBTEDG ) (S0
AT I, TP (GNIF (OI6 S I |

BAPGNH HICE (GG TITAG ZCEAT GF LN BT 8 WAFTIGAT fGFST (o601 SHFC6F 29706
(OIEBIGE SN OIFONS AFEAS WMOHALE WARIONT, S Y JF2 (OIF0G AT I 42 B7 1
ARG G (OIe60 (F 2AGe GO0 fOf A1 (AR (OI60] I 2T

FERTG-ITTT (NG AFFAN (GIE OIS FTIIF GILATGH NOI2 B FE K 0.3 G2 0.7 V I L
TICAG S35 W 2| OF, TN, IS (WG TS BB JINLT AT SATNw3 [0 d6 A]ANRS 20O
AT | et IS (=60 M M3 FACS NFCE NS (FFTIOT (SIEB (V7)-4 I AL ALY
B0 FIET TIANOT WY T 2AAZS (@ ©F FE| FE6 ([Q0G FAEGF W gy (@ HifFeey A
RFSET™ T fNER® 23), T (GK TG I WOAGTS JH30 (@00 (SIE6e ATST Il

Y 1S

GF6 SAASTS AT (HE TITAG TN J6T M [FoAe @It 20T AME OF I9 (FF UG (OIF6IGE (WI6 ©fes
RS Z(S (M NI TN RIS RITF (FF TN (SIF00 WOHE T L A9 TS NG AT
g8 2R 2| 0 TIIGH! FHISC &R Z0W A IM W1 92 RgIe 2= &L IO NN [Nwizo =71 A_|
Y QITE QR AT ©fGe ARMRT T & TITAMGI SRIINIT FTRDBI [0 G798 WS5fe @ FEeeT
ﬁ?ﬁﬂﬁ@_gﬁm How T (T AT ROET o =T ©f IIT® TLATIARIT TAIN I3 (OIfHN2- 7 TNCG
8T Nwd _E|

IF6 (G TITITG AT 52 AN 4 2 FF, OF A0S Y72 TN (FIOIOH (O] A AMH W[
(GIF (OTTEBOS I Z0T A | JFBT AL HAT9S BILANGS [T JH76 [RANA® [T AT (Gk OIS
B0 IS (FFOIo oV FE 472 RPUTF (GAIF TS (SR (SIF6G IGTH AT A=A FA|
THIRAY T2 M JFI (GAIF TITIGA (FFGION (OIE0T 0.2 V TF, OF O [ROIF 2oN I 9.2 V| JINF
M A0S RS QTS AT T T IO (GHIF (SO (G (@ | (G TITAG ©12 (THIEH (OIS
OfF FAE T P61 Wf TGS (TN P61 WTATHRGT FNLTIL G M JF6T (SIE09T SeNIARGT
T NG ATICOR G | (G TITANGT N TS WRIF BT -GN STIOR (O1f42- 9 82148 fNod I
1 3 IR *Mdd SISt G (ATH AR HAE JN-0125 L AR IS N0 S| SIS
0.0¢%- I3 TG 2GS, OJ (I WA IIZS STIANT ZCET ¢% (ATH 0% | (GHIF TICANGT (FFONGN
(OIE00 WRIF S .2 V (ATF 200 V VG 20T AFH | AR ATGH (ATF IF2 40 ARSI ST ©f =0
TSITATE AR T WATSIATRE BTG ACH [ JHF2 T 2 YN OIAG AFS F T 98 I 40




TIRNG To¥ AO[2 I6NW AFH | e Oe 6 [Fod 217 ¢.u (SF6, I0® (G Ao} Y7 O Ol
Y I3 JPOT AMFGF SIVNG 52 N BRI ¢ (SIE0F SN TSI o) (@ WA AMF J78
PG YNIFF OIVAGT T2 N FE| JF0T ¢.Y (SIF0d GITIG 2 26 HoR2 [ AF 33 OIvd
SIONEN 2N A WHNAF Ao DA AV 12 ¢.\Y (ONF6d TG OGN SIS ATITS (&
AT WY AE TS AFTR LN G0 (G125 (SfF 1 W I [T ATF €. V S Y FN Ol
5297 | fFE B R TG OINrar I=257 ([ AF|

(G 2T A o &2

(G TITING TS I TN+ I FACS AFA AHT0 [T (SIS FII6 AR WA T Y1 Q@ I
ASF AFAF (G @21 1 TGA1F B I |

TIAMGF ATSTYCRA (G106 G AT ZF A |

(GIAI] OITATTG A IIRIK:

ST (S0 SENRETRGTT GRS (AQRTE*N FH G |

ST (OTFBIGE TTNAHOT FNREH |

IS SF6 |

HISTR AFEH A2 ZNGI6IF SBCH |

ISt (S5 FCHIET AMBG |

ORI OIS {17 SIS |

N IR 32 ATERI TFH GIF OIS I T4 2T |

ST TITHIG g2 ATLET BITNTG A WY ATLSFTHYE:

ST TITIG (ONIR OIS

3/ 0T YRS (I GG (OI-o9] 13 | 3/ 0T SYME (FF GG (SIFo0] ST |

2/(J3 OIOH (SIEOIGE AT BTG N 20 7| R/(FF TUION (OIF6IGEd 7 TG w8 I
oIl

0/(O1e I NN F | 0/CO1fe I3 W (@ |

8/ 9 SIF 8/ GF oI

Anode Cathode |
(+) D' (=) {
‘D)
J
) !
|

¢/4f6 SISAG I FIG B | /4% et I 16 F |




What is zener diode?

A zener diode is a special type of device designed to operate in the zener breakdown region.
Zener diodes acts like normal p-n junction diodes under forward biased condition. When
forward biased voltage is applied to the zener diode it allows large amount of electric current
and blocks only a small amount of electric current.

Cathode

Metallic layer

Anode

Zener Diode

Zener diode is heavily doped than the normal p-n junction diode. Hence, it has very thin
depletion region. Therefore, zener diodes allow more electric current than the normal p-n
junction diodes.

Zener diode allows electric current in forward direction like a normal diode but also allows
electric current in the reverse direction if the applied reverse voltage is greater than the zener
voltage. Zener diode is always connected in reverse direction because it is specifically designed
to work in reverse direction.

Working Principle of Zener Diode:

When a PN junction diode is reverse biased, the depletion layer becomes wider. If this reverse
biased voltage across the diode is increased continually, the depletion layer becomes more and
more wider. At the same time, there will be a constant reverse saturation current due to minority
carriers.

After certain reverse voltage across the junction, the minority carriers get sufficient kinetic
energy due to the strong electric field. Free electrons with sufficient kinetic energy collide with
stationary ions of the depletion layer and knock out more free electrons. These newly created
free electrons also get sufficient kinetic energy due to the same electric field, and they create
more free electrons by collision cumulatively. Due to this commutative phenomenon, very
soon, huge free electrons get created in the depletion layer, and the entire diode will become
conductive. This type of breakdown of the depletion layer is known as avalanche breakdown,
but this breakdown is not quite sharp. There is another type of breakdown in depletion layer
which is sharper compared to avalanche breakdown, and this is called Zener breakdown. When
a PN junction is diode is highly doped, the concentration of impurity atoms will be high in the
crystal. This higher concentration of impurity atoms causes the higher concentration of ions in
the depletion layer hence for same applied reverse biased voltage, the width of the depletion
layer becomes thinner than that in a normally doped diode.



Due to this thinner depletion layer, voltage gradient or electric field strength across the
depletion layer is quite high. If the reverse voltage is continued to increase, after a certain
applied voltage, the electrons from the covalent bonds within the depletion region come out
and make the depletion region conductive. This breakdown is called Zener breakdown. The
voltage at which this breakdown occurs is called Zener voltage. If the applied reverse voltage
across the diode is more than Zener voltage, the diode provides a conductive path to the current
through it hence, there is no chance of further avalanche breakdown in it. Theoretically, Zener
breakdown occurs at a lower voltage level then avalanche breakdown in a diode, especially
doped for Zener breakdown. The Zener breakdown is much sharper than avalanche breakdown.
The Zener voltage of the diode gets adjusted during manufacturing with the help of required
and proper doping. When a zener diode is connected across a voltage source, and the source
voltage is more than Zener voltage, the voltage across a Zener diode remain fixed irrespective
of the source voltage. Although at that condition current through the diode can be of any value
depending on the load connected with the diode. That is why we use a Zener diode mainly for
controlling voltage in different circuits.

Breakdown in zener diode:
There are two types of reverse breakdown regions in a zener diode: avalanche breakdown and
zener breakdown.

Avalanche breakdown:

The avalanche breakdown occurs in both normal diodes and zener diodes at high reverse
voltage. When high reverse voltage is applied to the p-n junction diode, the free electrons
(minority carriers) gains large amount of energy and accelerated to greater velocities.
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The free electrons moving at high speed will collides with the atoms and knock off more
electrons. These electrons are again accelerated and collide with other atoms. Because of this
continuous collision with the atoms, a large number of free electrons are generated. As a result,
electric current in the diode increases rapidly. This sudden increase in electric current may
permanently destroys the normal diode. However, avalanche diodes may not be destroyed
because they are carefully designed to operate in avalanche breakdown region. Avalanche
breakdown occurs in zener diodes with zener voltage (Vz) greater than 6V.



Zener breakdown:

The zener breakdown occurs in heavily doped p-n junction diodes because of their narrow
depletion region. When reverse biased voltage applied to the diode is increased, the narrow
depletion region generates strong electric field.
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When reverse biased voltage applied to the diode reaches close to zener voltage, the electric
field in the depletion region is strong enough to pull electrons from their valence band. The
valence electrons which gains sufficient energy from the strong electric field of depletion
region will breaks bonding with the parent atom. The valance electrons which break bonding
with parent atom will become free electrons. These free electrons carry electric current from
one place to another place. At zener breakdown region, a small increase in voltage will rapidly
increases the electric current.
Zener breakdown occurs at low reverse voltage whereas avalanche breakdown occurs at high
reverse voltage. Zener breakdown occurs in zener diodes because they have very thin depletion
region. Breakdown region is the normal operating region for a zener diode. Zener breakdown
occurs in zener diodes with zener voltage (Vz) less than 6V.

What is Zener Breakdown?

When the diode is reverse biased, the kinetic energy of the electrons increase and they move at
a high velocity. The high-velocity electrons collide with other atoms and give rise to free
electrons. These free electrons, in turn, give rise to a high value of reverse saturation current.
This is known as Zener breakdown.

What is Avalanche Breakdown?

The avalanche breakdown occurs when a high reverse voltage is applied across the diode. As
we increase the applied reverse voltage, the electric field across the junction increases. This
electric field exerts a force on the electrons at the junction and frees them from covalent bonds.
These free electrons start moving with high velocity across the junction and collide with the
other atoms, thus creating more free electrons. This results in the rapid increase in net current.
Both these breakdowns occur in Zener diodes.



Zener Breakdown vs Avalanche Breakdown:

The main difference between Zener breakdown and avalanche breakdown is their mechanism
of occurrence. Zener breakdown occurs because of the high electric field whereas, the
avalanche breakdown occurs because of the collision of free electrons with atoms. Both these
breakdowns can occur simultaneously. Let us look at the other differences between them in the

below table.

Zener Breakdown

The process in which the electrons move
across the barrier from the valence band of p-
type material to the conduction band of n-type
material is known as Zener breakdown.

This is observed in Zener diodes having a
Zener breakdown voltage Vz of 5 to 8 volts.

The wvalence electrons are pulled into
conduction due to the high electric field in the
narrow depletion region.

The increase in temperature decreases the
breakdown voltage.

The VI characteristics of a Zener breakdown
has a sharp curve.

It occurs in diodes that are highly doped.

Avalanche Breakdown

The process of applying high voltage and
increasing the free electrons or electric
current in semiconductors and insulating
materials is called an avalanche breakdown.

This is observed in Zener diode having a
Zener breakdown voltage Vz greater than 8
volts.

The wvalence electrons are pushed to
conduction due to the energy imparted by
accelerated electrons, which gain their
velocity due to their collision with other
atoms.

The increase in temperature increases the
breakdown voltage.

The VI characteristic curve of the avalanche
breakdown is not as sharp as the Zener
breakdown.

It occurs in diodes that are lightly doped.

Zener Diode 1-V Characteristics:

The VI characteristics of a zener diode is shown in the below figure. When forward biased
voltage is applied to the zener diode, it works like a normal diode. However, when reverse
biased voltage is applied to the zener diode, it works in different manner.
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The Zener Diode is used in its “reverse bias” or reverse breakdown mode, i.e. the diodes anode
connects to the negative supply. From the 1-V characteristics curve above, we can see that the
zener diode has a region in its reverse bias characteristics of almost a constant negative voltage
regardless of the value of the current flowing through the diode.When reverse biased voltage
is applied to a zener diode, it allows only a small amount of leakage current until the voltage is
less than zener voltage.

When reverse biased voltage applied to the zener diode reaches zener voltage, it starts allowing
large amount of electric current. At this point, a small increase in reverse voltage will rapidly
increases the electric current. Because of this sudden rise in electric current, breakdown occurs
called zener breakdown. However, zener diode exhibits a controlled breakdown that does
damage the device.

This voltage remains almost constant even with large changes in current providing the zener
diodes current remains between the breakdown current Iz (min) and its maximum current rating
Iz (max).

The zener breakdown voltage of the zener diode is depends on the amount of doping applied.
If the diode is heavily doped, zener breakdown occurs at low reverse voltages. On the other
hand, if the diode is lightly doped, the zener breakdown occurs at high reverse voltages. Zener
diodes are available with zener voltages in the range of 1.8V to 400V.

This ability of the zener diode to control itself can be used to great effect to regulate or stabilise
a voltage source against supply or load variations. The fact that the voltage across the diode in
the breakdown region is almost constant turns out to be an important characteristic of the zener
diode as it can be used in the simplest types of voltage regulator applications.

The function of a voltage regulator is to provide a constant output voltage to a load connected
in parallel with it in spite of the ripples in the supply voltage or variations in the load current.
A zener diode will continue to regulate its voltage until the diodes holding current falls below
the minimum Iz (min) value in the reverse breakdown region.



What is a Voltage Regulator?

A voltage regulator is a device that regulates the voltage level. It essentially steps down the
input voltage to the desired level and keeps it in that same level during the supply. This ensures
that even when a load is applied the voltage doesn’t drop. The voltage regulator is used for two
main reasons and they are:

e To vary or regulate the output voltage.

e To keep the output voltage constant at the desired value in spite of variations in the

supply voltage.

Voltage regulators are used in computers, power generators, alternators to control the output
of the plant.

Zener Diode as a voltage Regulator:
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Resistor, Rs is connected in series with the zener diode to limit the current flow through the
diode with the voltage source, VS being connected across the combination. The stabilised
output voltage Vout is taken from across the zener diode.

The zener diode is connected with its cathode terminal connected to the positive rail of the DC
supply so it is reverse biased and will be operating in its breakdown condition. Resistor Rs is
selected so to limit the maximum current flowing in the circuit.

With no load connected to the circuit, the load current will be zero, (I = 0), and all the circuit
current passes through the zener diode which in turn dissipates its maximum power. Also a
small value of the series resistor Rs will result in a greater diode current when the load
resistance RL is connected and large as this will increase the power dissipation requirement of
the diode so care must be taken when selecting the appropriate value of series resistance so that
the zener’s maximum power rating is not exceeded under this no-load or high-impedance
condition.

The load is connected in parallel with the zener diode, so the voltage across R. is always the
same as the zener voltage, (Vr = Vz). There is a minimum zener current for which the
stabilisation of the voltage is effective and the zener current must stay above this value
operating under load within its breakdown region at all times. The upper limit of current is of
course dependant upon the power rating of the device. The supply voltage Vs must be greater
than Vz .



One small problem with zener diode stabiliser circuits is that the diode can sometimes generate
electrical noise on top of the DC supply as it tries to stabilise the voltage. Normally this is not
a problem for most applications but the addition of a large value decoupling capacitor across
the zener’s output may be required to give additional smoothing.

Then to summarise a little. A zener diode is always operated in its reverse biased condition. As
such a simple voltage regulator circuit can be designed using a zener diode to maintain a
constant DC output voltage across the load in spite of variations in the input voltage or changes
in the load current.

The zener voltage regulator consists of a current limiting resistor Rs connected in series with
the input voltage Vs with the zener diode connected in parallel with the load Ry in this reverse
biased condition. The stabilised output voltage is always selected to be the same as the
breakdown voltage Vz of the diode.

Advantages of zener diode:

Power dissipation capacity is very high
High accuracy

Small size

Low cost

Applications of zener diode:

It is normally used as voltage reference

Zener diodes are used in voltage stabilizers or shunt regulators.
Zener diodes are used in switching operations

Zener diodes are used in clipping and clamping circuits.

Key Differences Between Diode and Zener Diode

e The direction of the current that the device allows creates a major difference between
diode and zener diode. The diode conducts uni—directionally while the zener diode
conducts bi—directionally in forward biased as well as in reverse biased.

e The doping characteristics of diode and zener diode are also different from each other.
The zener diode is sharply doped while the conventional diode is moderately doped.

e The breakdown voltage in case of zener diode is sharp. But in normal PN junction
diodes, the breakdown voltage is comparatively high.

e A conventional diode cannot operate in reversed biased mode while the Zener diode
can operate in reversed biased mode too.

e The Zener diode is generally used as a voltage regulator while the conventional diodes
are used in the rectifier, clipper, clamper etc.
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Photodiode

Definition: Photodiode is a two terminal electronic device which, when exposed to light the
current starts flowing in the diode. It is operated in reverse biased mode only. It converts light
energy into electrical energy. When the ordinary diode is reverse biased the reverse current
starts increasing with reverse voltage the same can be applied to the photodiode.

But in the case of photodiode the current can flow without application of reverse voltage, the
P-N junction of the photodiode is illuminated by light and light energy dislodge valence
electrons and the diode starts conducting.

Construction of Photodiode:

The photodiode is made up of two layers of P-type and N-type semiconductor. In this, the P-
type material is formed from diffusion of the lightly doped P-type substrate. Thus, the layer
of P+ ions is formed due to the diffusion process. And N-type epitaxial layer is grown on N-
type substrate. The P+ diffusion layer is developed on N-type heavily doped epitaxial layer.
The contacts are made up of metals to form two terminal cathode and anode.

Light Incident
le (-) Silicon dioxide (SiO,)

| (intrinsic layer)

J ‘

L

Cathode (+)
Photodiode Symbol & Construction of Photodiode

The front area of the diode is divided into two types that are active surface and non-active
surface. The non-active surface is made up of SiO- (Silicon di Oxide) and the active surface
is coated with anti-reflection material. The active surface is called so because the light rays
are incident on it.

While on the non-active surface the light rays do not strike. The active layer is coated with
anti-reflection material so that the light energy is not lost and the maximum of it can be
converted into current. The entire unit has dimensions of the order of 2.5 mm.

Working Principle of Photodiode:

When the conventional diode is reverse biased, the depletion region starts expanding and the
current starts flowing due to minority charge carriers. With the increase of reverse voltage,
the reverse current also starts increasing. The same condition can be obtained in Photodiode
without applying reverse voltage.



Light Rays

Silicon Nitride
SiO; Diffusion ; Passivation AR coating

Mask.
I tf Anode
\ P-type material /

P-N Junction
Depletion

\eyeh N-back Contact

Diffusion

Back Metallization Cathode

Cross-sectional View of Photodiode

The junction of Photodiode is illuminated by the light source, the photons strike the junction
surface. The photons impart their energy in the form of light to the junction. Due to which
electrons from valence band get the energy to jump into the conduction band and contribute
to current. In this way, the photodiode converts light energy into electrical energy.

Basic Biasing Arrangement

The current which flows in photodiode before light rays are incident on it is called dark
current. As leakage current flows in the conventional diode, similarly the dark current flows
in the photodiode.

Modes of Operation of Photodiode:

It operates in two modes that are Photo-conductive and Photo-voltaic.

Photo-Conductive: When the Photo diode operates in reverse biased mode it is called
Photoconductive mode. In this, the current flowing in diode varies linearly with the intensity
of light incident on it. In order to turn-off the diode, it should be provided with forward
voltage.

Photo-Voltaic: When the diode is operated without reverse biased it is said to be operated in
photovoltaic mode. When the reverse biased is removed, the charge carriers are swept across
the junction. The barrier potential is negative on N-side and positive on P-side.

When an external circuit is connected to photodiode after removal of reverse biasing, the
minority carriers in both P, as well as N-region, return to their original region. It means the
electrons which crossed the junction from N-type to P-type again move to N-side with the
help of external circuit.

And the holes which crossed the junction and moved from P-type to N-type during junction
fabrication will now again move to P-side with the help of external circuit.



Thus, the electrons can now flow out from N-type and holes can flow out from P-type thus in
this condition they behave as voltage cell having N-type as the negative terminal and P-type
as a positive terminal. Thus, the photodiode can be used as a photoconductive device or a
photovoltaic device.

V-1 Characteristics of Photodiode:

The characteristics curve of the photodiode can be understood with the help of the below
diagram. The characteristics are shown in the negative region because the photodiode can be
operated in reverse biased mode only.
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Characteristics of Photodiode

The reverse saturation current in the photodiode is denoted by 10. It varies linearly with the
intensity of photons striking the diode surface. The current under large reverse bias is the
summation of reverse saturation current and short circuit current.

| =l + lo (1 — eV/inVy)

Where Is is the short circuit current, V is positive for forward voltage and negative for reverse
bias, V¢ is volt equivalent for temperature, n_is unity for germanium and 2 for silicon.

Advantages of Photodiodes:

e The reverse current is low in the tens of microamperes.
e Therise and fall times in case of photodiodes is very small making it suitable for high-
speed counting and switching applications.

Disadvantages of Photodiodes:

Photodiodes have lower light sensitivity than cadmium sulphide LDRs (Light dependent
resistors), thus the cadmium sulphide LDRs are considered more suitable for some
applications.

Applications of Photodiodes:

e Itis used for detection of both visible as well as invisible light rays.
e Photodiodes are used for the communication system for encoding & demodulation
purpose.

e Itisalso used for digital and logic circuits which require fast switching and high-speed
operation.



These diodes also find application in character recognition techniques and IR remote

control circuits.

Photodiodes are considered as one of the significant optoelectronics devices which is

extensively used in the optical fibre communication system.

Key Differences between Diode and Photodiode:

The key difference between the diode and photodiode is that diode is the
semiconductor device which conducts when forward biased applied to it exceeds
the barrier potential while the photodiode is the devices which conduct when the
light is incident on it.

The biasing mode of the diode and photodiode is also different and contradict each
other; the diode operates in forward biased mode only while the photodiode
operated in reversed biased mode only.

The materials used for manufacturing diode and photodiode are also different. The
diode is made up of germanium or silicon while the photodiodes are made up of
only silicon.

The anti-reflective layer is present in photodiodes while diodes do not need it.
The reverse current which flows in photodiode varies directly with the intensity
of illumination while the forward current in diodes varies directly with the forward
voltage.

Key Differences Between LED and Photodiode

e Function: The function of the LED and Photodiode is contrasting. LED emits
photons due to electron-hole recombination, while Photodiode provides
energy to electron and holes by exposing itself towards light radiation.

e Operating Principle: As we have discussed above the operating principle of
LED and Photodiode is also different. The principle on which LED works is
called Electro-luminance, i.e. Lumination using Electric charges. While the
photodiode works on the principle of Photoconduction which means
conduction using photons.

e Biasing: LED always operate in forward biased mode, it cannot be operated in
a reversed mode as it will destroy it. A photodiode is a device which operated
in reversed mode only.

e Conversion form of Energy: LED converts electrical energy into light energy
and photodiode converts Light energy into electrical energy.

e Material Used: LED is made up of GaAsP or GaP. Germanium and silicon
semiconductor are not used in the manufacturing of LED. Photodiodes are
made up of Germanium and silicon semiconductor.
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What is a Solar Cell?

A solar cell (also known as a photovoltaic cell or PV cell) is defined as an electrical device that
converts light energy into electrical energy through the photovoltaic effect. A solar cell is
basically a p-n junction diode. Solar cells are a form of photoelectric cell, defined as a device
whose electrical characteristics — such as current, voltage, or resistance — vary when exposed
to light.

Individual solar cells can be combined to form modules commonly known as solar panels. The
common single junction silicon solar cell can produce a maximum open-circuit voltage of
approximately 0.5 to 0.6 volts. By itself this isn’t much — but remember these solar cells are
tiny. When combined into a large solar panel, considerable amounts of renewable energy can
be generated.

Construction of Solar Cell:

A solar cell is basically a junction diode, although its construction it is little bit different from
conventional p-n junction diodes. A very thin layer of p-type semiconductor is grown on a
relatively thicker n-type semiconductor. We then apply a few finer electrodes on the top of the
p-type semiconductor layer.

These electrodes do not obstruct light to reach the thin p-type layer. Just below the p-type layer
there is a p-n junction. We also provide a current collecting electrode at the bottom of the n-
type layer. We encapsulate the entire assembly by thin glass to protect the solar cell from any
mechanical shock.
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Working Principle of Solar Cell:

When light reaches the p-n junction, the light photons can easily enter in the junction, through
very thin p-type layer. The light energy, in the form of photons, supplies sufficient energy to
the junction to create a number of electron-hole pairs. The incident light breaks the thermal
equilibrium condition of the junction. The free electrons in the depletion region can quickly
come to the n-type side of the junction.

Similarly, the holes in the depletion can quickly come to the p-type side of the junction. Once,
the newly created free electrons come to the n-type side, cannot further cross the junction
because of barrier potential of the junction.



Similarly, the newly created holes once come to the p-type side cannot further cross the junction
became of same barrier potential of the junction. As the concentration of electrons becomes
higher in one side, i.e. n-type side of the junction and concentration of holes becomes more in
another side, i.e. the p-type side of the junction, the p-n junction will behave like a small battery
cell. A voltage is set up which is known as photo voltage. If we connect a small load across the
junction, there will be a tiny current flowing through it.

V-1 Characteristics of a Photovoltaic Cell:
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Materials Used in Solar Cell:

The materials which are used for this purpose must have band gap close to 1.5ev. Commonly
used materials are-

Silicon
GaAs
CdTe
CulnSe2.

Criteria for Materials to be Used in Solar Cell:

Must have band gap from lev to 1.8ev.

It must have high optical absorption.

It must have high electrical conductivity.

The raw material must be available in abundance and the cost of the material must be
low.

Advantages of Solar Cell:

e A solar plant is basically a re-newable power source. Hence it is not harmful to the
environment.

It is very easy to operate compare to other power sources of re-newable type.

It does not produce any noise as it does not have any moving parts.

It does not generate emissions or radiations.

It does not require fuels or water to produce electricity.

Solar cells have longer life, about 30 years.

PV cells operate in cloudy weather conditions also.



It is very cost effective.

e it needs less capital investment.

e |tis easy to maintain and it requires lower maintenance.

e Solar cell-based plant is based on modular architecture and hence it can be used as small
size power source as well as large size power source.

Drawbacks or Disadvantages of Solar Cell:
Following are the drawbacks or disadvantages of Solar Cell:

e |t can not be used in absence of the light from any source.

It incurs very high initial cost for installation.

During cloudy weather, less power is being generated.

Very large geographical area is needed in order to deploy solar panels or cells.

Off grid applications require energy storage.

Photo-Voltaic solar cells generate direct current (DC). It requires DC appliances or
inverters (to convert DC to AC) for use with solar cell based plants.

e It has low efficiency.

Uses of Solar Generation Systems:

It may be used to charge batteries.

Used in light meters.

It is used to power calculators and wrist watches.

It can be used in spacecraft to provide electrical energy.



