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53.1. Fundamentals of Light

According to the Quantum Theory, light consists of discrete packets of energy called photons.
The energy contained in a photon depends on the frequency of the light and is given by the relation
E = hf where h is Plank’s constant (6.625 x 10~ Joule-second). In this equation, energy E isin
Joulesand frequency f isin hertz (Hz). Asseen, photon energy isdirectly proportional to frequency:
higher the frequency, greater the energy. Now, velocity of light is given by ¢ = fA where cis the
velocity of thelight (3 x 10 m/s) and A isthe wavelength of light in metres. Thewavelength of light
determinesits colour in the visible range and whether it is ultraviolet or infrared outside the visible

range.
Now, E = hf=hc/A or A =hc/E metres
0 A = (6625x10) x (3x 10%)/E=(19.875x 10 °))E  —EinJoules
If Eisin electron-volt (€V), thensince 1 eV = 1.6 x 10°° J
0 A = (19.875x 10 ®)/(E x 1.6 x 10™°) = (12.42 x 10"")/E metre
or A = 1242 um

In aforward-biased P-N junction, electrons and holes both cross the junction. In the process,
some el ectrons and hol es recombine with the result that electronslose energy. The amount of energy
lostisequal to the differencein energy between the conduction and valence bands, this being known
as the semiconductor energy band gap E;. Thevalue of E, for siliconis 1.1 eV, for GaAsis1.43 eV
and for InAsis 0.36 eV. For example, the wavelength of light emitted by silicon P-N junction is
A=1242/E =1.242/1.1 =113 ym.

53.2. Light Emitting Diode (LED)

(&) Theory /v /

Asthenameindicates, itis N
aforward-biased P-N junction L1 ! A
which emitsvisiblelight when N
energised. Asdiscussed earlier L1
(Art. 53.40), charge carrier re- [ [
combination takes place when ! I
electronsfrom the N-side cross Fig. 53.1
the junction and recombine with the holes on the P-side.

Now, electrons are in the higher conduction band on the N-side whereas holes are in the lower
valence band on the P-side. During recombination, some
of the energy differenceis given up in the form of heat
andlight (i.e. photons). For Si and Gejunctions, greater
percentage of thisenergy isgiven up intheform of heat
so that the amount emitted aslight isinsignificant. But
in the case of other semiconductor materials like gal-
liumarsenide (GaAs), gallium phosphide (GaP) and gal-
lium-arsenide-phosphide (GaAsP), a greater percent-
age of energy released during recombination is given
out in the form of light. If the semiconductor material
istranducent, light isemitted and the junction becomes
alight sourcei.e. alight-emitting diode (LED) as shown
schematically in Fig. 53.1. The colour of the emitted light depends on the type of material used as
given on the next page.

+0

Light emitting diode
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1. GaAs — infrared radiation (invisible).
2. GaP —  redorgreenlight. a
3. GaAsP — red or yellow (amber) light. k
LEDs that emit blue light are also available but red is
the most common. LEDs emit no light when reverse-bi- /
ased. In fact, operating LEDs in reverse direction will Flat
quickly destroy them. Fig. 53.1 shows apicture of LEDs that emits different colours of light.
(b) Construction
Broadly speaking, the LED structures can be divided into two categories:
1. Surface-emitting LEDs : These LEDs emit light in a direction perpendicular to the PN

junction plane. Emitted Light
2. Edge-emitting LEDs: These LEDsemit light T T T T T
inadirection paralle tothe PN junction plane. Ié“(f;*t‘;ct “
Fig. 53.2 shows the construction of asurface-emit- | p
ting LED. As seen from thisfigure, an N-type layer is f f f f — g;arrl%‘;
grown on a substrate and a P-type layer is deposited on Combination
it by diffusion. Since carrier recombination takes place l l l l
in the P-layer, it is kept upper most. The metal anode | N
connections are made at the outer edges of the P-layer \— Metal
s0 as to allow more central surface area for the light to ¢ Electrons Contact (-)
escape. LEDs are manufactured with domed lenses in Fig. 53.2

order to lessen the reabsorption problem.

A metal (gold) film is applied to the bottom of the substrate for reflecting as much light as
possible to the surface of the device and aso to provide cathode connection. LEDs are aways
encased in order to protect their delicate wires.

Being made of semiconductor material, it is rugged and has alife of more than 10,000 hours.

(c) Working

Theforward voltage acrossan LED is considerably greater than for asilicon PN junction diode.
Typicaly the maximum forward voltage for LED is between 1.2 V and 3.2 V depending on the
device. Reverse breakdown voltagefor an LED is of the order of 3V to 10 V. Fig. 53.3 (a) showsa
simple circuit to illustrate the working of an LED. The LED emits light in response to a sufficient
forward current. The amount of power output translated into light is directly proportiona to the
forward current as shown in Fig. 53.3 (b). It is evident from this figure that greater the forward
current, the greater the light output.

| | o= I\ 34
a2z
[
L1 5E ,]
= 0
R% Ig 1
T T T
50 100 150
||| 1 Forward Current —»
[ (mA)
Vbias
(@) ()
Fig. 53.3
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To chose emitting diodesfor aparticular application, one or more of thefollowing pointshaveto
be considered : wavelength of light emitted, input power required, output power, efficiency, turn-on
and turn-off time, mounting arrangement, light intensity and brightness etc.

Since LEDsoperate at voltage levelsfrom 1.5V to 3.3V, they are highly compatible with solid-
state circuitry.

Their usesinclude the following :
1

2.
3.
4

o

6.

7.

LEDsare used in burglar-alarm systems;
for solid-state video displays which are rapidly replacing cathode-ray tubes (CRT);
inimage sensing circuits used for ‘ picturephone’;
in the field of optical fibre communication systems where high-radiance GaAs diodes are
matched into the silica-fibre optical cable;
in datalinks and remote controllers;
in arrays of different types for displaying a phanumeric (letters and numbers) or supplying
input power to lasers or for entering information into optical computer memories;
for numeric displaysin hand-held or pocket calculators.

Asshownin Fig. 53.4 (@) a seven-segment display consists of seven rectangular LEDs which
can form the digits0to 9. The seven LED segments are labelled ‘& to ‘g’ . Each of this segmentsis

ANNNNN\N

l\l/}'
a © l/l
b o \I//
/‘/
‘o >+ ¥
d 2 o’
O /| | i
o 7 -
f o \l)}' . ?g
/‘/
~y
g © |1
(b) L (o)
Fig. 53.4

controlled through one of the display LEDs. Seven-seg-
ment displays come in two types, common-cathode and
common-anodetype. Inthecommon-cathodetype, all the
cathodes of the diodes are tied together as shown in Fig.
53.4 (b). Thismakesit possible to light any segment by
forward-biasing that particular LED. For example, tolight
number 5, segments a, f, g, ¢ and d must be forward-bi-
ased. Sincethe cathodes aretied to ground, only 5 voltis
to be applied to the anode of these segmentsto light them.

The common-anode seven-segment display hasall its
anodes tied together to +5 volt and ground is used to light
the individual segments. Fig. 53.4(c) shows a picture of a
seven-segment display.

®
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(e) Multicoloured LEDs
LEDs are available which gives out light in either two or three colours. There are aso blinking

LEDs. A two-colour LED is athree-termina device as shown in Fig. 3.5. The longest lead is the

cathode and the remaining two leads are the anodes.

WhenleadsR and C areforward-biased, the LED emits

red light and when leads G and C are forward-biased,

LED emitsgreen light. Thetricolour LED looks simi-

lar to the ordinary LED but emits, red, green or yellow

light depending on operating conditions. It hastwo leads 7 XX

and each of these acts as both anode and cathode. When R C G

dc current flowsthroughit in onedirection, LED emits Fig. 53.5

red light but when current flows in the opposite direction, LED emits

green light. However, with ac current, yellow light is given out.

The blinking LED is a combination of an oscillator and a LED in
one package. Since it has an anode and a cathode lead, it looks like an
ordinary LED. The blinking frequency is usualy 3 Hz when the diode
forward biasis 5 V. It conducts about 20 mA of current when ON and
0.9 mA when OFF.

53.3. Use of LEDs in Facsimile Machines Al a2

Fig. 53.6 shows a simplified schematic diagram of a facsimile (or k
fax) machine. Asseen, thelight from the LED array is focussed on the
document paper. Thelight reflected at the paper isfocussed on acharge-coupled device (CCD) by a
combination of mirror and alens. This causesthe optical information to be converted into electrical
information. Theelectrical information isthen sent through the data-processing unit to its destination

viatelephoneline.
. o
Sensors for detecting ooc
document paper,
L\ _

Telephone
Data-processing | 111€
unit

Mirror [

Printing unit

Fig. 53.6
563.4. Liquid Crystals Displays
(a) General

A liquid crystal isamateria (usually, an organic compound) which flows like aliquid at room
temperature but whose molecular structure has some properties normally associated with solids
(examples of such compounds are : cholesteryl nonanoate and p-azoxyanisole). Asiswell-known,

®



2092 Electrical Technology

the moleculesin ordinary liquids
have random orientation but in a Glass  Electrode
liquid crystal they are oriented in
a definite crystal pattern. Nor-

I \ I o
mally, athin layer of liquid crys- 7/ 7 <>
tal istransparent to incident light %%% : ) 1
but when an electric field is ap- i' \ |

plied across it, its molecular ar-
rangement is disturbed causing
changes in its optical properties. 1

When light falls on an activated 12345678
layer of aliquid crystal, it is - @ ®)

ther absorbed or else is scattered
by the disoriented molecules.
(b) Construction

Asshown in Fig. 53.7 (a), a l(:(l:g); 537
liquid crystal ‘cell’ consists of a T
thin layer (about 10 um) of aliquid crystal sandwiched between two glass sheets with transparent
electrodes deposited on their inside faces. With both glass sheets transparent, the cell is known as
transmittive type cell. When one glass is transparent and the other has a
reflective coating, the cell iscalled reflective type. The L CD doesnot produce any illumination of its
own. It, in fact, depends entirely on illumination falling on it from an external source for its visual
effect.

(c) Working

The two types of display available are known as (i) field-effect display and (ii) dynamic scat-
tering display. When field-effect display is energized, the energized areas of the LCD absorb the
incident light and, hence give localized black display. When dynamic scattering display isenergized,
the molecules of energized area of the display become turbulent and scatter light in al directions.
Consequently, the activated areas take on afrosted glass appearance resulting in asilver display. Of
course, the un-energized areas remain translucent.

AsshowninFig. 53.7 (b), adigit on an LCD hasasegment appearance. For example, if number
5isrequired, theterminals 8, 2, 3, 6 and 5 would be energized so that only these regions would be
activated while the other areas would remain clear.

(d) Advantages

An LCD has the distinct advantage of extremely low power requirement (about 10-15 pW per
7-segment display as compared to afew mW for aLED). It isdue to the fact that it does not itself
generate any illumination but depends on external illumination for itsvisual effect (colour depending
ontheincident light). They have alife-time of about 50,000 hours.

(e) Uses

1. Field-effect LCDs are normally used in watches and portable instruments where source of

energy isaprime consideration.

2. Thousands of tiny L CDs are used to form the picture elements (pixels) of the screen in one

type of B & W pocket TV receiver.

3. Recent desk top LCD monitors.

Spacer & Sealer \— Liquid Crystal I

4. Note book computer display
5. Céllular phonedisplay, to display dataon personal digital assistant (PDAS) such asPalm Vx
etc.

®
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Theliquid crystal display (LCDs) commonly used on notebook computers and handheld PDAs
are also appearing on desktop. These flat panel displays promise great clarity at increasingly high
resolutions and are available in screen sizes upto 15 inches. The LCD monitor offers benefits and
drawbacks. Thefirst benefit issize. Because of the need to house the tube itself, cathode-ray tube
(CRT) monitors are big and heavy. LCD monitors are only a few inches deep and they are much
lighter in weight. However LCD monitors are expensive than CRTs at present. Another problemis
the viewing angle. The optimal viewing angle of an LCD isfrom straight in front and as you move
further to the side the screen becomes harder to read, much more so than with a CRT. Moreover
screen resolutions generally reach only as high as 1,024 x 768, which isinsufficient for some appli-
cations. Fig. 53.7(c) shows the picture of an LCD used in portable instrument.

53.5. P-N Junction Photodiode

It is a two-terminal junction Rt
device which is operated by first
reverse-biasing the junction and then

illuminatingit. A reverse-biased P-N \4\‘

junction hasasmall amount of reverse P [N §—|<]—_o
saturation current I  (or 1,) due to pa— I ——
thermally-generated electron-hole g h R or

pairs. In silicon, I is the range of g

nanoamperes. The number of these
minority carriers depends on the
intensity of light incident on the
junction. When the diodeisin glass package, light can reach thejunction and thus changethereverse
current.

%

Fig. 53.8

Thebasic biasing arrangement, construction and sym-

. bolsof aphotodiode areshowninFig. 53.8. Asseen,

: alens has been used in the cap of the unit to focus

' maximum light on the reverse-biased junction. The

active diameter of these devicesis about 2.5 mm but

they are mounted in standard TO-5 packages with a
window to allow maximum incident light.

The characteristics of Fig. 53.9 show that for a

givenreversevoltage, I, (or | ) increaseswithincrease
| inthe level of illumination. The dark current refers

Photodiode Reverse Voltage [II

-3V —%V _1|V

to the current that flowswhen no light isincident.
By changing the illumination level, reverse cur-

rent can be changed. In thisway, reverseresiss  Dark 10.000 - 100 uA

tance of the diode can be changed by a factor of C“”e“t/’//

nearly 20. W_ 200 pA
A photodiode can turnitscurrent ON and OFF

in nanoseconds. Hence, itisone of the fastest pho- W_ 000 I
todetectors. Itisused whereitisrequired to switch
light ON and OFF at a maximum rate. Applica- Fig. 53.9

tions of a photodiode include

®
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detection, both visibleand invisible ;
demodulation ;

switching ;

logic circuit that require stability and high speed ;
character recognition ;

optical communication equipment ;

encoders etc.

No ogsrwDNRE

53.6. Dust Sensor

Fig. 53.10 showsacombination of an LED and a
photodiode used as a dust sensor. As seen, the light
emitted from the LED gets reflected by the dust par-

ticles. The reflected light is collected by the photo- -

diode and is converted into an electrical signal. The
dust sensor is employed in cleaners.

The combination of an LED and a photodiodeis
also used as: (1) a paper sensor in facsimile ma-
chines, (2) as atape-end sensor in videotape record-

Window

ers/players, and (3) as a dirt detector for rinsing in washing

machines.

53.7. Photoconductive Cell

It is a semiconductor device whose resistance varies in-
versely with the intensity of light that falls uponiit. Itisalso
known as photoresistive cell or photoresistor becauseit oper-

ates on the principle of photoresistivity.
(&) Theory

- ° Light shield
Dust Photodiode
Fig. 53.10
= . - o
_,\"///‘Ir"‘-' .B ’1/
\ 4
Y. | & :
A Al ' G

CdS photo sensitive detectors

Theresistivity (and, hence, resistance) of asemiconductor depends on the number of free charge

Photosensitive
Semiconductor

(b)

Fig. 53.11

carriers availablein it. When the semi-
conductor isnot illuminated, the number
of chargecarriersissmall and, hence, re-
sistivity is high. But when light in the
form of photons strikes the semiconduc-
tor, each photon deliversenergy toiit. If
the photon energy is greater than the en-
ergy band gap of the semiconductor, free
mobile charge carriersare liberated and,
asaresult, resistivity of the semiconduc-
tor is decreased.
(b) Construction and Working

Photoconductive cellsare generaly
made of cadmium compounds such as
cadmium sulphide (CdS) and cadmium
selenide (CdSe). Spectral response of
CdsS cell is similar to the human eye,
hence such cells are often used to simu-
latethe human eye. Thatiswhy they find

®
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usein light metering circuits in photographic cam-
eras.

The construction of atypical photo conductive ey
cell and itstwo alternative circuit symbolsare shown
in Fig. 53.11 (&) and (b) respectively. As seen, a
thin layer of photosensitive semiconductor material
is deposited in the form of along strip zig-zagged
across a disc-shaped ceramic base with protective
sides. For added protection, aglass lens or plastic
cover isused. Thetwo ends of the strip are brought
out to connecting pins below the base. I | |

The terminal characteristic of a photoconduc- e ey ey
tive cell isshownin Fig. 53.12. It depicts how the —> [llumination (lux)
resistance of thecell varieswith light intensity. Typi- Fig. 53.12
cally, thedark resistance of thecell is1 MQ or larger. Under illumination, the cell resistance dropsto
avalue between 1 and 100 kQ depending on surface illumination.

(c) Applications

A photoconductive cell is an inexpensive and simple detector which iswidely used in OFF/ON
circuits, light-measurement and light-detecting circuits.

Example 53.1. Arelay is controlled by a photo- R
conductive cell which has resistance of 100 kQ when —WVYWh—
illuminated and 1 kQ when in the dark. Therelay is

,_
=)
[

Resistance (k[J)
[

— Cell

e
=

supplied with 10 mA from a 30-V supply when cell is ez
illuminated and is required to be de-energized when ]
the cell isin the dark. Sketch a suitable circuit and 1
calculate the required series resistance and value of ——_30V

dark current.
N

(Optoelectronic Devices, Gujarat Univ. 1993)

Solution. The circuit is as shown in Fig. 30.13 %
where Risacurrent-limiting resistor.

| = 30/(R+1) 1100k
—wherer iscell resistance
O R=(301)-r
When illuminated
R= (30/10x 103 - 1x 10° =2 x 10° = 2kQ
Dark current is given by
I, =30/(2 + 100) x 10° = 0.3 x 10 ° A = 0.3 mA

Fig. 53.13

53.8. Phototransistor

Itislight-sensitivetransistor and issimilar to an ordinary bipolar
junction transistor (BJT) except that it has no connection to the base
terminal. Its operation is based on the photodiode that exists at the
CB junction. Instead of the base current, theinput to thetransistor is
provided in the form of light as shown in the schematic symbol of
Fig. 53.14 (a).

Silicon NPNs are mostly used as photo transistors. The device
isusualy packed in a TO-type can with alens on top athough it is

Phototransistor

®
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sometimes encapsulatedin clear plastic. When 12
there is no incident light on the CB junction,

there is a small thermally-generated collector- \
to-emitter leakage current | ., which, in this W
case, iscalled dark current andisinthenArange. Io (mA)

When light isincident on the CB junction, i
abase current |, is produced which is directly T 4 v
proportional to the light intensity. Hence, col- !
lector current I = 1, 1 !

Typical collector characteristic curvesof a ° 0 10 20 30

phototransistor are shown in Fig. 53.14 (b). —> Ve (V)
Each individual curve correspondsto a certain (@) (b)
value of light intensity expressed in mw/cm®. Fig. 53.14

Asseen, | - increases with light intensity.

The phototransistor has applications similar to those of aphotodiode. Their main differencesare
in the current and response time. The photo-transistor has the advantages of greater sensitivity and
current capacity than photodiodes. However, photodiodes arefaster of thetwo, switchinginlessthan
ananosecond.

53.9. Photodarlington

As shown in Fig. 53.15 a photodarlington consists of a
phototransistor in a Darlington arrangement with a common
transistor. It hasamuch greater sensitivity to incident radi- @

ant energy than a phototransistor because of higher current

gain. However, its switching time of 50 ps is much longer

than the phototransistor (2 ps) or the photodiode (1 ns). Its /}1
circuit symbol isshownin Fig. 53.15.

Applications lc

Photodarlingtons are used in a variety of applications Fig. 53.15
some of which are given below.

A light-operated relay isshown in Fig. 53.16 (&). The phototransistor T, drivesthe bipolar tran-
sistor T,. When sufficient light fallson T,, itisdriven into saturation so that | - isincreased manifold.
This collector current while passing through the relay coil energizestherelay.

9 +Vee o+ Vec

N

C J‘ Rele.ly —
_@ Coil gﬁo
Relay

T, Contacts

Ry
T,

o

A
Relay

Contacts

T,

(@) = (b)
Fig. 53.16
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Fig. 53.16 (b) shows a dark-operated relay circuit i.e. one in which relay is deenergized when
light falls on the phototransistor. Here, T, and R form apotential divider acrossV ... With insuffi-
cient light incident on T, transistor T, is biased ON thereby keeping the relay energized. However,
when thereis sufficient light, T, turns ON and pulls the base of T, low thereby turning T, OFF and
hence, deenergizing therelay.

Such relays are used in many applications such as (i) automatic door activators, (ii) process
countersand (iii) various alarm systems for smoke or intrusion detection.

Optoelectronic Devices

53.10. Photo voltaic or Solar Cell
Such cells operate on the principle of photovoltaic action i.e. conversion of light energy into
electrical energy. Thisaction occursin all semiconductorswhich are constructed to absorb energy.
(a) Construction

AsshowninFig. 53.17 (&), abasic solar cell consists of P-type and N-type semiconductor mate-
rial (usually, silicon or selenium) forming a P-N junction. The bottom surface of the cell (whichis
always away from light) covered with a continuous conductive contact to which awire lead is at-
tached. The upper surface has amaximum area exposed to light with asmall contact either a ong the
edge or around the perimeter. The surfacelayer of P-type material isextremely thin (0.5 mm) so that
light can penetrate to the junction.

Light al Transparent Light
Metal S 5 ¥ ass Conducting ¢ —0 0
Ring | 8 8 | _(‘5 Film =
Contact—Y 0—\é 9—0
/ / W P-Type W
P-N—» Si N-Type—» PN
Junction N-Type Cdo, P-Type -
Si Si Junction
| 3 | or @
(a) (b) (©)
Fig. 53.17

Although siliconiscommonly used for fabricating solar cells, another construction consists of P-
type selenium covered with alayer of N-type cadmium oxide to form P-N junction as shown in Fig.
53.17 (b). Two dternative circuit symbols are shown in Fig. 53.17 (c). Power solar cells are also
fabricated in flat stripsto form efficient coverage of available surface area. Incidentally, the maxi-
mum efficiency of asolar cell in converting sunlight into electrical energy isnearly 15 per cent at the
present.

(b) Theory

When the P-N junction of a
solar cell isilluminated, electron-
hole pairs are generated in much

Light energy

the same way, asin photovoltaic | _ ! o

cell. An electric field is estab- Anti-reflection [ IZIII;

lished near the P-N junction by B AREN BB et | external load
the positive and negativeionscre- N-type silicon—@) o) | ®0

ated due to the production of Ptype silicon— ®0 ®O 3|
electron-hole pairswhichleadsto . :

the development of potential “..’_ Electrode | CUrTeNt
across the junction. Since the | @

number of electron-hole pairsfar
exceeds the number needed for
thermal equilibrium, many of the

A photovoltaic cell generates electricity when irradiated by sunlight

®
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electronsare pulled acrossthe junction by theforce of theelectric field. Thosethat crossthejunction
contribute to the current in the cell and through the external load. Theterminal voltage of thecell is
directly proportiona to the intensity of the incident light. The voltage may be as high as 0.6 V
depending on the external load. Usually alarge number of cellsare arranged in an array in order to
obtained higher voltages and currents as shown in Fig. 53.18.

>
N N " SRS
"y "y " :\GD | :\GD |
1 - | - |
. N 2 i | |
I ;o |
I w b | Ni-Cd -
I I I % E : § : : :Tj : Battery T % RL
| | | MEEE
1 1 1 :QA : :\}A :
! 1! 1
I ;o |

B B | @il

Fig. 53.18 Fig. 53.19

Solar cells act like a battery when connected in series or parallel. Fig. 53.19 show two groups
of 10 series cells connected in parallel with each other. If each cell provides 0.5V at 150 mA, the
overal value of the solar bank is5V at 150 mA. The two parallel solar banks provide 5V at 300
mA. Thissolar power source suppliestheload and a so chargesthe Ni-Cd battery. The battery provides
power in the absenceof light. A blocking diode D isusedtoisolatethe solar cellsfrom the Ni-Cd battery
otherwisein the absence of light, the battery will discharge through the cells thereby damaging them.

A solar cell operateswith fair efficiency, hasunlimited life, can be easily mass-produced and has
a high power capacity per weight. It is because of these qualities that it has become an important
source of power for earth satellites.

Example 53.2. An earth satellite has on board 12-V battery which supplies a continuous cur-
rent of 0.5 A. Solar cellsare used to keep the battery charged. The solar cellsareilluminated by the
sun for 12 hoursin every 24 hours. If during exposure, each cell gives0.5 V at 50 mA, determinethe
number of cellsrequired. (Optoedectronics Devices, Gujarat Univ. 1994)

Solution. The solar cell battery-charging circuit is shown in Fig. 53.20. The cells must be
connected in seriesto provide the necessary voltage and such groups must be connected in parallel to
provide the necessary current. The

R D

charging voltage has to be greater
than the battery voltageof 12 V. Al- F— VVVVV N — %
Ny L

lowingfor different drops, let the so-
lar bank voltage be 13.5 V.

Number of series connected so-
lar cells=13.5/0.5 =27

The charge given out by batter-
ies during a 24 hour period = 12 x
0.5=6 Ah. Hence, solar cellsmust
supply this much charge over the <4 %D

same period. However, solar cells

I
|
| B —
|
\:A 1
deliver current only when they illu- @
minatedi.e. for 12 hoursin every 24 A 3

hours. Necessary charging current Fig. 53.20
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required from the solar cells=6 Ah/12h=0.5 A.
Total number of groups of solar cells required to be connected in parallel is
= output current / cell current = 0.5/ 50 x 10°=10
0 total number of solar cells required for the earth satellite = 27 x 10 = 270

53.11. Laser Diode

Like LEDs, laser diodes are typical PN junction devices used under aforward-bias. The word
LASER is an acronym for Light Amplification by Stimulated Emission of Radiation. The use of
laser is (becoming increasing common) in medical equipment used in surgery and in consumer prod-
ucts like compact disk (CD) players, laser printers, hologram scanners etc.

(a) Construction

Broadly speaking, the laser diode structure can be divided into two categories:

1. Surface-emitting laser diodes: These laser diodes emit light in a direction perpendicular

to the PN junction plane.

2. Edge-emitting laser diodes: Theselaser diodes emit light in adirection paralld to the PN

junction plane.

Fig. 53.21 (a) showsthe structure of an edge-emitting laser diode. Thistype of structureiscalled
Fabry-Perot type laser. As seen from the figure, a P-N junction is formed by two layers of doped
galium arsenide (GaAs). The length of the PN junction bears a precise relationship with the wave-
length of thelight to be emitted. Asseen, thereisahighly reflective surface at one end of thejunction
and a partially reflective surface at the other end. External leads provide the anode and cathode
connections.

+
Full + Partial
Reflector Reflector
T } Depletion
Reflective Reci
- — —> —>
End %{3{34_ 3:{ >3
PN___, N Partially paser
Junction Reflective Beam
U 0 End 0

(@) ()
Fig. 53.21

(b) Theory

When the P-N junction isforward-biased by an external voltage source,
electrons move across the junction and usual recombination occursin the
depletion region which results in the production of photons. As forward
current isincreased, more photons are produced which drift at random in
the depletion region. Some of these photons strike the reflective surface
perpendicularly. Thesereflected photons enter the depletion region, strike
other atoms and release more photons. All these photons move back and
forth between the two reflective surfaces. [Fig. 53.21 (b)] The photon
activity becomes so intense that at some point, astrong beam of laser light comes out of the partially
reflective surface of the diode.

(c) Unique Characteristics of Laser Light

The beam of laser light produced by the diode has the following unique characteristics:

1. Itiscoherenti.e. thereisno path difference between the waves comprising the beam;

2. Itismonochromatici.e. it consists of one wavelength and hence one colour only;

Laser diode
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3. ltiscollimated i.e. emitted light waves travel parallel to each e}
other.

Laser diodes have athreshold level of current above which the laser
action occurs but below which the laser diode behaveslike aLED emit-
ting incoherent light. The schematic symbol of alaser diodeissimilar to —
that of LED. Incidentally, afilter or lensis necessary to view the laser
beam.

(d) Applications

Laser diodes are used in variety of applications ranging from medi-
cal equipment used in surgery to consumer productslikeoptical disk equip- e}
ment, laser printers, hologram scanners etc. Laser diodes emitting vis-
iblelight are used as pointers. Those emitting visible and infrared light
are used to measure range (or distance). Thelaser diodes are also widely used in parallel processing
of information and in paralléel interconnections between computers. Some of these applications are
discussed in thefollowing articles.

Fig. 53.22

53.12. Optical Disks

Themajor application field for laser diodesisin optical disk equipment. Thisequipment isused
for reading or recording information and can be broadly divided into two groups :

1. Reading-only and 2. Recording-and-reading type.

The optical disk equipment of either type make use of a laser diode, lenses and photodiodes.
During recording, it changes electrical information into optical information and then records the
information on the optical disk. During reading (or playback), the head optically reads the recorded
information and changes the optical information into electrical information. Fig. 53.22 shows the
different types of optical disksused in practice. The commercial systems make use of disksthat are
90, 120, 130 and 300 mm in diameter. A mini disk, 64 mmin diameter isalso used for digital audio.

Optical disk
Read only Rewritable
Digital audio disk (DAD) Digital video disk Write once Rewritable
(Compact disk (CD), etc.) (DVD-ROM, etc.) optical disk optical disk
| T
Magneto-optical disk Phase-change optical disk
Fig. 53.23

Theoptical diskshave several advantages over semiconductor memories. Some of theseinclude
their larger data storage capacity, shorter access time and smaller size. Therefore they are used in
terminal equipment of computers aswell asin audio visual equipment.

53.13. Read-only Optical Disks Equipment

Fig. 53.24 shows an optical equipment for reading data from digital audio (compact) disks.
Compact disks (CDs) which are 120 mm in diameter are typical digital audio disks. Compact disks
usually meansdigital audio compact disk, but it also includes the read-only memory (CD-ROM) for
data memory and interactive compact disk (CD-1) for multimedia use.
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Audio information (i.e. sound) is digitally recorded in stereo on the
surface of a CD in the form of microscopic “pits’ and “flats’. As seen
from Fig. 53.24, the light emitted from the laser diode passes through the
lens and is focussed to a diameter of about 1 um on the surface of a disk.
As the CD rotates, the lens and beam follow the track under control of a
servo motor. Thelaser light which isaltered by the pitsand flatsalong the
recorded track isreflected back from thetrack through thelensand optical
system to infrared photodiodes. The signal from the photodiodes is then '
used to reproduce the digitally recorded sound. A CD-Rom

Rotating

Lens
y 4
Quarter-waver = - =~ -~ -
plate
\ 4 \ 4
> Electrical
(Polarization) signal
Optical Beam splitter
disk .
head Photodiode
i Lens
Lens

Jﬁ Laser diode

Fig. 53.24
53.14. Printers Using Laser Diodes

There are two types of optical sources usually used in printers; (1) laser diodes and (2) LED
arrays. Theprintersusing laser diodesare called laser beam printers(or simply laser printers). Theseare
oneof themost attractivetype of equipment in office automationintoday’sworld. Wordsand figurescan
be printed rapidly and clearly more easily by alaser printer than by other types of printers.

(Courtesy optical semiconductor devices by M.Fukuda published by John Weliy & SonsInc.)
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Fig. 53.25 shows a simplified diagram of alaser printer. As seen the laser diode is driven by
modulated signalsfrom the computer. The optical beam after passing through the lensisreflected by
the rotating polygon mirror and scanned on the photosensitive drum. The drum is homogeneously
charged when it passes through the charging unit consisting of an LED array. The homogeneous
electrification is partially erased in accordance with the scanned optical beam. Thisisbecause of the
fact that the electrical resistance at the light-irradiated part decreases and the electric charge is re-
leased. This causes the signals (i.e. data) from the computer to be written on to the drum. At the
developing unit, an electrically charged powder (called toner) iselectrostatically attached to the writ-
ten parts. At thetranscribing unit, the powder istransferred to the paper. Next, thetransferred pattern
isfixed by heating and pressing at the fixing unit. The datafrom the computer isthus printed on the

paper.

Electr/iﬁed unit

= /

Laser diode
LED array | Photosensitive
for electric drum
discharge ° .

. . Developing
Printed paper Rotathg/ ~unit
Cleaning unit
e foaaos [ — (Foccoccaossan .
s B .4 Pape
Controller / interfaN

Fixing Transcribing

Rotating

Laser diode

Electrical signal
from computer

Fig. 53.25
53.15. Hologram Scanners

The hologram scanner is widely used in various equipment and is ordinarily used in bar-code
readers in point-of-sale systems (such as super marked checkout counters). It isalso used in laser
printersfor scanning the laser beam on the drum precisely.
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Fig. 53.26 shows a simplified schematic of a hologram scanner. As seen, the optical beam for
reading the bar-codeis focussed by alensthrough the hologram disk and scanned on the bar-code by
rotating the hologram disk. Gratings with coaxial circles are formed on the hologram disk. This

Laser diode Light beam Bar code
for reading

Rotating

Hologram scanners .
Photodiode

Fig. 53.26

causes the incident laser beam to bend at the grating by an amount determined by the grating pitch.
Thereflected light modulated according to the bar-code is reflected by the mirror and monitored by
the photodiode. The monitored optical signal isthen translated into an electrical signal.

53.16. Laser Range Finder

Thelaser diodes along with photodiodes can be used to measure the range (i.e. adistance) of an
object. Fig. 53.27 shows a simple schematic of a laser range finder. As seen, the laser diode is
modulated with high current pulses. The pulsed high-power beam is emitted in the direction of an
object. The beam isreflected from the object. The reflected beam is detected with a photo detector
(or photodiode). The range is calculated as the difference between the time the light was emitted
from the laser diode and the time it was detected by the photodiode.

Pulsed modulation

——- =

Object

Time Laserdiode Yirens = @ @0 0 =
------ 4 -""-’—“‘
-------------------- A‘-“'—
N
— 5 :I] S Reflected light

Time E
Photodiode Y1 eng

Fig. 53.27
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Let D = distance between the laser range finder and the object.

AT = Timedifference between theinstance when the light was emitted from
the laser diode and the instance when it was detected by the photo-
diode

Then D = %xspeedoflightXAT

A 2-dimensional array of laser diodes and photodetectors can be constructed. Such asystemis
used to obtain 3-D images of an object.

53.17. Light-activated SCR (LASCR)

The operation of aLASCR is essentialy similar to that of a conventional SCR except that it is
light-triggered (Fig.53.28). Moreover, it has

a window and lens which focuses light on Alarm
thegatejunction area. The LASCR operates OI;ZE; |
likealatch. It canbetriggered ON by alight
input on the gate area but does not turn OFF
when light source is removed. It can be N ——alo—
turned OFF only by reducing the current N
throughit below itsholding current. Depend- E :,!>
ing on itssize, aLASCR is capable of han- I =
dling larger amount of current that can be =R, T
handled by a photodiode or a photo-transis- 7
tor. .
Fig. 53.28

Fig. 53.28 shows how aLASCR can be
used for energizing alatching relay. Theinput dc source turns on the electric lamp and the resulting
incident light triggersthe LASCR into conduction. The anode current energizesthe relay and closes
the contact. It isseen that theinput dc sourceis electrically isolated from the rest of the circuit.

53.18. Optical Isolators

Optical isolators are designed to electrically isolate one circuit from another while allowing one
circuit to control the other. The usual purpose of isolation isto provide protection from high-voltage
transients, surge voltages and low-level electrical noise that could possibly result in an erroneous
output or damage to the device. Such isolators allow interfacing of circuits with different voltage
levels and different grounds etc.

o—] LED o— LED\x\ —Oo_ LED
- O 2o N o)
—O —O —O
(a) () (©)
Fig. 53.29
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An optical isolator (or coupler) consists of alight source such as LED and a photodetector such
as aphoto transistor as shown in Fig. 53. 29 (a) and is available in astandard | C package.

When LED isforward-biased, thelight produced by it istransferred to the phototransistor which
isturned ON thereby producing current through the external load.

Fig. 53.29 (b) showsaDarlington transistor coupler which isused when increased output current
capability is needed beyond that provided by the phototransistor output. The LASCR output coupler
of Fig. 53.29 (¢) can be used in applicationswhere alow-level input voltageisrequired to latch ahigh
voltage relay for activating some kind of electro-mechanical device.

53.19. Optical Modulators

Light emitting PN junction devices
such as LEDs and laser diodes are easily
modulated by superimposing signals on to
the injected current. Thisis direct modu-
lation. Laser diodes in high-bit rate and
long-span optical communication systems
are frequently used under direct modula-
tion.

However direct modulation resultsin
chirping which limits transmission quality
because of dispersion inoptical fibres. An
optical modulator can modulate the light
output from laser diodes with little or no
chirping. There are two types of optical Optical modulator
modulators:

1.  The semiconductor optical modulators

2. Optical modulators composed of dielectric materials such as lithium nitrate (LiNO5)

The semiconductor optical modulatorsare PN junction diodes and can further be subdivided into
two types:

1. Devicesused under forward bias (asLEDs and laser diodes are used). The optical modula-
tionin these devicesis carried out by changing gain or loss within the modulators.

2. Devices used under reverse bias (i.e., as photodiodes are used). Most high-performance
semiconductor optical modulators are used under
reverse bias. Thereversebiasis needed to generate §f

Modulated

strong electric field. Optical modulation isbasicaly
performed by modulating the refractive index or
optical absorption coefficient of themodulators. The light
devices which make use of refractive index
phenomenon for modulation are called phase
modulation type deviceswhile those that use optical
absorption coefficient phenomenon are called @
intensity modulation type devices.
Therearesevera different typesof optical modu- % /
N

Electrodes

lators available today. But the waveguide type opti-
cal modulator is more commonin use. Further there

7
areseveral different waveguidetype optical modula- L?;Ei/

tor structures possible. Fig. 53.30 showsamesatype _

optical modulator structure. Fig. 53.30
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It may be noted that although we have shown the structure making use of asimple N- and P-layer
but in reality each layer (N-type or P-type) is made up of several different semiconductors.

53.20. Optical Fibre Communication Systems

The optical fibre communication systems (such as public communication networks and data
links) are the basic infrastructure of the information hungry society. There are several advantages of
the optical fibre system over metallic transmission systems as listed below :

1. Datacan betransmitted at avery high-frequency over longer distances without much loss.

2. Electromagnetic induction (EMI) noiseis never induced during transmission through opti-

cal fibre cables.

3. Optical fibre cableislight, flexible and economical.

Fig. 53.31 showsthe public optical fibre communication system broadly divided into two groups:
(2) Submarine systems, and (2) Land systems. Submarine systemshave already been used to connect
countries all over the world. The submarine systems help people to talk overseas without any time
delay.

Optical fibre
Communication systems

Submarine systems Land systems
| | |
Long-haul systems Short-haul systems
Subscriber CATV
Fig. 53.31

In land systems, long-haul systems have been connected between large cities. Theland systems
aso include systems such as subscriber systems and CATV (i.e. community or common antenna
television, cable and telecommunication television system, or cable television system).

Electrical signal Optical signal Electrical signal
|- N N
— — —>
el | | 5

A v
Optical fibre cable
LED,
Laser diode Photodiode

Optical connector

Transmitter Receiver

Fig. 53.32
Fig. 53.32 shows an application of LEDs, laser diodes and photodiodes in a simplified optical
fibre communication systems. The LEDs and laser diodes emit light modulated with asignal. The
optical signal is then transmitted through the optical fibre and is received with photodiodes on the
destination side. In this type of a system LEDs or laser diodes emit the light directly through the
optical fibre and therefore is referred to as direct modulation type systems. But in more recent
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systems, the optical modulators modul ate the light emitted from the laser diodes and then the modu-
lated light is transmitted through the optical fibre [refer to Fig. 53.33].

Electrical signal l

Optical signal

JAVAYA%N
L‘@j‘,ﬂ_lm_

¥ [
Optical Modulator Optical Optical fibre cable
Laser diode fibre connector

Transmitter

Fig. 53.33

In long-haul systems, repeaters (which include photodiodes and laser diodes and electronic
circuits) are inserted. In the repeater, the weak optical signal being transmitted through the optical
fibre is detected by the photodiode. The detected signal is reformed and amplified by the electronic
circuits. Theamplified signal isconverted again into an optical signal by alaser diode and transmit-
ted again through the optical fibre cable. Fig. 53.34 shows a simple schematic of arepeater.

Optical signal Optical signal
bt iy
—> —>
Optical fibre cable:E Repeater :I: Optical fibre cable
Optical connector

Optical connector

Fig. 53.34
From the modul ation point of view, the optical fibre communication systems can bedivided into
digital systemsand analog systems. Most long-haul and large capacity optical fibre communication
systems are digital systems. The analog systems are used for transmitting information over a short
distance.

53.21. Optical Fibre Data Links

Theuse of optical fibredatalinks haswide spread in the past few decades. Itsapplication ranges
from local area networks (LANS) to the computer, digital audio and mobile fields. Several different
types of LEDs and laser diodes emitting light at wavelengths ranging from visibleto theinfrared are
used as optical sources. Thetransmission datarateisafunction of transmission distance and varies
from application to application. For computer linkswhere the distance variesfrom 1 m to 100 m, the
datatransmission rate variesfrom 1 M bits/sto 100 M bits/s. For local-area-networksused in factory,
office and building automation, the data transmission rate varies from 10 K bits/sto 5 M bhitg/s. In
digital audio field, where the distance is below 1 m the data transmission rate varies from 500 bits/s
to over 10 M bits/s. Similarly in mobile fields (such as ship, aircraft, train and automotive applica-
tions) where the distance could vary from 1 m to 100 m, the data transmission rate varies from 1 K
bits/sto 1 M bitg/s.
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1. Optical fibre local

area networks. The optical fi- Personal Computer Personal Computer

bre local areanetworks (LANS) | |
aresimilar to the public commu- Optical fibre cable

nication systems. Some of their -: Facsimile
advantages over the systems us- machine
ing metallic cablesare: (1) high

transmission capacity and bit
rateand (2) longer transmission Printer
distance. However, the range of )

. . Wide-range
LANSs is restricted. They are Communication Network
more commonly used within fac- Fig. 53.35
tories, offices, buildings etc.
Compyters, printers, facsi ml le el el
machines and other office Computer Computer

H . ® 5.9

equipment are connected with Printer lﬁzz‘ﬁf

each other by optical fibre
cables as shown in Fig. 53.35.

The LEDsand laser diodes Terminal
are used to transmit data
through the optical fibre cable
and photodiodesare used to re-
ceivedata. Thedifferent types
of equipment connected in the
LAN could be one of the fol-
lowing two types: (1) An optical ethernet having aradial-shape network as shown in Fig. 53.36 (a)
or (2) afibre-distributed datainterface (FDDI) having aring-shape network as shown in Fig. 53.36
(b).

2. Digital audio field. Fig. 53.37 shows an example of adatalink in digital audio field. As
seen, the optical fibre cable is used to connect compact disk (CD) player, laser disk (LD) player,
digital audio tape (DAT) and tuner with the amplifier and speaker. The connection between the
amplifier and everything except DAT isunidirectional. Theaudio digital signalsfrom CD, LD player,
DAT and tuner are convertedinto optical sig-

(a) b)
Fig. 53.36

nals by LEDs or laser diodes at one end of | Gompact disk player | | T .
the fibre optic cable and then transmitted
through the cableto the oppositeend. Atthe Optical S~
opposite end, thesignalsare received by pho- e
todiodesand convertedinto an electrical Sig- | pigital >
na for amplification and finally speaker for | audio tape 41 Amplifier
reproduction to a sound. f /
. . . Optical fibre_—y

3. Mobile fields. The optical data cable Speaker
links are very suitable in mobile fields such Tuner
as ship, aircraft, train, automotive etc. The Fig. 53.37

reason is that optical data links are very
compact, and light in weight than metallic datalinks. Inadditionto this, the optical datalinksare not
subjected to noise induced by electromagnetic induction.
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OBJECTIVETESTS - 53

. LEDs are commonly fabricated from gallium
compounds like gallium arsenide and gallium
phosphide because they

(a) arecheap

(b) areeasily available
(c) emit more heat
(d) emit more light.

. A LED isbasicaly a .....cc.coeeenne P-N junc-
tion.

(a) forward-biased

(b) reverse-biased

(c) lightly-doped

(d) heavily-doped.

. Ascompared to aLED display, the distinct ad-
vantage of an LCD display isthat it requires
(@) noillumination

(b) extremely low power

() noforward-bias

(d) asolidcrysta

. BeforeilluminatingaP-N junction photodiode,
it hasto be

(a) reverse-biased

(b) forward-biased

(c) switched ON

(d) switched OFF.

. Inaphotoconductive cell, the resistance of the
semiconductor material varies............. withthe
intensity of incident light.

(a) directly

(b) inversely

(c) exponentialy

(d) logarithmically.

. A photoconductivecell isknownas.................
cell.

(a) phototransistor

(b) photoresistor

(c) photovoltaic

(d) both (a) and (b).

. A phototransistor excels a photodiode in the
matter of

(a) faster switching

(b) greater sensitivity

(c) higher current capacity

(d) both (a) and (b)

10.

1.

12.

13.

14.

15.

(e) both (b) and (c).

A photodarlington comprises of
(a) aphototransistor

(b) atransistor

(c) aphotodiode

(d) both (a) and (b).

A solar cell operates on the principle of
(a) diffusion

(b) recombination

(c) photo voltaic action

(d) carrier flow.

Solar cellsare used as source of power in earth
satellites because they have

(a) very high efficiency

(b) unlimited life

(c) higher power capacity per weight

(d) both (b) and (c)

(e) both (a) and (b).

The device possessing the highest sensitivity
isa

(a) photo conductive cell

(b) photovoltaic cell

(c) photodiode

(d) phototransistor

The unique characteristics of LASER light are
that itis

(a) coherent

(b) monochromatic

(c) collimated

(d) all of the above

The LASCR operateslike a

(a) latch (b) LED
(c) photodiode (d) phototransistor.
Optical couplers are designed to ............. one
circuit from another.

(a) control (b) isolate

(c) disconnect (d) protect.

The main purpose of using optical isolatorsis
to provide protection to devices from

(a) high-voltage transients

(b) surgevoltages

(c) low-level noise

(d) all of the above.
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16. A LED emitsvisiblelight whenits...............
(@) P-Njunctionis reverse-biased
(b) depletion region widens
(c) holes and electrons recombine
(d) P-N junction becomes hot.
17. InLED, light is emitted because
(a) recombination of charge carriers takes
place
(b) diode gets heated up
(c) light falling on the diode gets amplified
(d) light gets reflected due to lens action.

Electrical Technology
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18. GaAs, LEDsemit radiationin the
(a) ultraviolet region
(b) violet-blue green range of the visible re-
gion
(c) visibleregion
(d) infracred region
19. Phototransistors respond much like a conven-
tional transistor except that, in their case, light
energy isused to .........
(a) alter leakage current
(b) change base voltage
(c) switchit ON
(d) alter emitter current.

ANSWERS

1.(d 2@ 3b 4() 5 (b

6.(d) 7. (e

8.(d) 9.(c) 10.(d) 11 (d) 12 (d)

13.(8) 14.(b) 15.(d) 16.(c) 17.(a) 18.(d) 19.(c)
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