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INTRODUCTION

T he most common application of diodesisrectification. Therectifier diodesare used in power
suppliesto convert a.c. voltage into d.c. voltage. But rectification isnot all that a diode can
do. A number of specific types of diodes are manufactured for specific applications in
this fast developing world. Some of the more common special-purpose diodes are (i) Zener diode
(i) Light-emitting diode (LED) (iii) Photo-diode (iv) Tunnel diode (v) Varactor diodeand (vi) Shockley
diode.
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126 B Principles of Electronics
7.1 Zener Diode +1

A zener diodeisaspecial type of diode
that isdesigned to operatein thereverse
breakdown region. An ordinary diode
operated in this region will usualy be
destroyed due to excessive current.
Thisisnot the casefor the zener diode.

v
A zener diodeis heavily dopedto  _ V< ;Z >V,

reduce the reverse breakdown voltage.

Thiscausesavery thin depletion layer.

As aresult, a zener diode has a sharp

reverse breakdown voltage V. Thisis EZE}'(\‘SCF;WN

clear from the reverse characteristic of REGION

zener diode shown in Fig. 7.1. Note

that the reverse characteristic dropsin L |

an almost vertical manner at reverse _7

voltage V,. Asthe curve reveas, two
things happen when V, is reached :

(i) Thediode current increases rapidly.
(i) Thereverse voltage V, across the diode remains almost constant.

In other words, the zener diode operated in this region will have a relatively constant voltage
across it, regardless of the value of current through the device. This permits the zener diode to be
used asavoltage regulator. For detailed discussion on zener diode, the reader may refer to chapter 6
of this book.

7.2 Light-Emitting Diode (LED)
Alight-emitting diode (LED) is a diode that gives off visible light when forward biased.

Light-emitting diodes are not made from silicon
or germanium but are made by using elements like
gallium, phosphorus and arsenic. By varying the
quantities of these elements, it is possible to produce
light of different wavelengths with colours that in-
cludered, green, yellow and blue. For example, when
aLED ismanufactured using gallium arsenide, it will
producearedlight. If theLED ismadewith gallium
phosphide, it will produce a green light.

Theory. Whenlight-emitting diode (LED) isfor-
ward biased as shown in Fig. 7.2 (i), the electrons
from the n-type material cross the pn junction and
recombine with holes in the p-type material. Recall
that these free electrons are in the conduction band
and at a higher energy level than the holesin the va-
lence band. When recombination takes place, there-
combining electrons release energy in the form of heat and light. 1n germanium and silicon diodes,

Fig. 7.1

Light-emitting diode
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amost the entire energy isgiven up intheform of heat and emitted light isinsignificant. However, in
materials like gallium arsenide, the number of photons of light energy is sufficient to produce quite
intensevisiblelight.
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Fig. 7.2
Fig. 7.2 (ii) shows the schematic symbol for aLED. The arrows are shown as pointing away
from the diode, indicating that light is being

emitted by the devicewhen forward biased. Al- 12

though LEDs are available in several colours 10

(red, green, yellow and orangearethemost com-  RADIATED 8

mon), the schematic symbol is the same for all LIGHT (mW) 2

LEDs. Thereis nothing in the symbol to indi- )

cate the colour of a particular LED. Fig. 7.3 L L L1y (mA)
showsthe graph between radiated light and the 0 20 40 60 80 100 ~°F
forward current of the LED. Itisclear fromthe Fig. 7.3

graph that the intensity of radiated light is di-
rectly proportional to the forward current of LED.

7.3 LED Voltage and Current

The forward voltage ratings of most LEDs is from 1V to 3V and for-
ward current ratingsrange from 20 mA to 100 mA. In order that current
through the LED does not exceed the safe value, aresistor Ry is con-
nectedin serieswith it asshowninFig. 7.4. Theinput voltageisVgand
the voltage across LED is V.

Ir

i1}
B

Voltage across Ry = Vg—Vp
Vs -V,
Circuit current, I = %

Example 7.1. What value of series resistor is required to limit the current through a LED to
20 mA with a forward voltage drop of 1.6 V when connected to a 10V supply ?

Solution.
Vs -Vp

Seriesresistor, Rg |
F

10V, Vp=16V; I.=20mA=20x10°A

Here Vg
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10-16
= ——— =420Q
" 7 20x10°
Note that resistor Ryis also called current-limiting resistor. Ir 222
Example 7.2. What is current through the LED in the circuit 2’8&@ 1+ sy >
shown in Fig. 7.5 ? Assume that voltage drop acrossthe LED is2 V. -
Solution. l? L
Vs -V, .
Current through LED, 1. = % —
HereVg=15V; V,=2V; Rg=22kQ=22x10°Q
| B 501x10°A=501mA
= ——35 =5 =591m
F T 22x10° .

7.4 Advantages of LED

Thelight-emitting diode (LED) isasolid-state light source. LEDshave replaced incandescent lamps
in many applications because they have the following advantages :

(i) Low voltage A
(ii) Longer life (more than 20 years)
(iii) Fast on-off switching 100 O

Protecting LED against rever se bias. The LEDs have low reverse volt-
ageratings. For example, atypical LED may have amaximum reversevoltage
rating of 3V. Thismeansthat if areverse voltage greater than 3V isapplied to p
theLED, the LED may be destroyed. Therefore, one must be careful not to use
LEDswith ahighlevel of reversebias. Oneway to protect aLED isto connect
arectifier diodein parallel with LED asshown in Fig. 7.6. If reversevoltage — —
greater than the reverse voltage rating of LED is accidentally applied, the rec-
tifier diode will be turned on. This protects the LED from damage. Fig. 7.6

7.5 Multicolour LEDs

A LED that emits one colour when forward biased and another colour when reverse biased is called
amulticolour LED.

One commonly used schematic symbol for these LEDsisshown in Fig. 7.7. Multicolour LEDs

Fig. 7.7
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actually contain two pn junctions that are connected in reverse-parallel i.e. they arein parallel with
anode of one being connected to the cathode of the other. If positive potential is applied to the top
terminal as shown in Fig. 7.7 (i), the pn junction on the |eft will light. Note that the device current
passes through the left pn junction. I the polarity of the voltage source is reversed as shown in
Fig. 7.7 (ii), the pn junction on the right will light. Note that the direction of device current has
reversed and isnow passing through the right pn junction.

Multicolour LEDs are typically red when biased in one direction and green when biased in the
other. If amulticolour LED isswitched fast enough between two polarities, the LED will produce a
third colour. A red/green LED will produce a yellow light when rapidly switched back and forth
between biasing polarities.

7.6 Applications of LEDs

TheLED isalow-power device. The power rating of aLED isof the order of milliwatts. Thismeans
that it isuseful asan indicator but not good for illumination. Probably the two most common appli-
cationsfor visible LEDs are (i) as apower indicator (ii) seven-segment display.
(i) Asa power indicator. A LED can be

used to indicate whether the power is on or not. Ry /7

Fig. 7.8 showsthesimpleuse of the LED asapower
indicator. When the switch Sis closed, power is
applied to theload. Atthesametimecurrentaso 7, SR N =

flows through the LED which lights, indicating N

power ison. Theresistor Rgin serieswiththe LED
ensures that current rating of the LED is not ex- T
ceeded. Fig. 7.8

(il) Seven-segment display. LEDs are often grouped to form seven-segment display.
Fig. 7.9 (i) showsthefront of aseven segment display. It containsseven LEDs (A, B, C, D, E, F and
G) shapedinafigureof *8. Each LED iscalled a**segment. If aparticular LED isforward biased,
that LED or segment will light and produces abar of light. By forward biasing vari ous combinations
of seven LEDs, itispossibleto display any number from0to 9. For example, if LEDSA, B,C,D and G
arelit (by forward hiasing them), the display will show the number 3. Similarly, if LEDsSC, D, E, F, A
and G arelit, the display will show the number 6. To get the number 0O, all segments except G arelit.

0) (i)
Fig. 7.9

Fig. 7.9 (ii) showsthe schematic diagram of seven-segment display. External seriesresistorsare
included to limit currents to safe levels. Note that the anodes of all seven LEDs are connected to a

*  Notethat LEDSA, B, C, D, E and F are arranged clockwise from the top with LED G in the middle.

**  Each LED is called a segment because it forms part of the character being displayed.
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common positive voltage source of +5 V. This arrangement is known as * common-anode type. In
order tolight aparticular LED, say A, wegroundthepoint AinFig. 7.9 (ii). Itforward biasesthe LED
Awhichwill belit.

7.7 Photo-diode

A photo-diode is a reverse-biased silicon or germanium pn junction in which reverse current in-
creases when the junction is exposed to light.

Thereverse current in aphoto-diodeisdirectly proportional to theintensity of light falling onits
pnjunction. This meansthat greater the intensity of light falling on the pn junction of photo-diode,
the greater will be the reverse current.

Principle. When arectifier diodeisreverse biased, it hasavery small reverse leakage current.
Thesameistruefor aphoto-diode. Thereversecurrent isproduced by thermally generated el ectron-
hole pairs which are swept across the junction by the electric field created by the reverse voltage. In
arectifier diode, the reverse current increases with temperature due to an increase in the number of
electron-hole pairs. A photo-diode differs from a rectifier diode in that when its pn junction is ex-
posed to light, the reverse current increases with the increase in light intensity and vice-versa. This
isexplained as follows. When light (photons) falls on the **pn junction, the energy isimparted by
the photonsto the atomsin thejunction. Thiswill create more free electrons (and more holes). These
additional free electronswill increasethereverse current. Astheintensity of light incident on the pn
junction increases, the reverse current also increases. In other words, as the incident light intensity
increases, the resistance of the device (photo-diode) * * * decreases.

Photo-diode package. Fig. 7.10 (i) shows atypical photo-diode package. It consists of apn
junction mounted on an insulated substrate and sealed insideametal case. A glasswindow ismounted
ontop of the caseto allow light to enter and strike the pn junction. Thetwo leads extending from the
case are labelled anode and cathode. The cathode istypically identified by atab extending from the
side of the case.

WINDOW

CATHODE

7
-

ANODE

() (ii)
Fig. 7.10
Fig. 7.10 (ii) shows the schematic symbol of a photo-diode. The inward arrows represent the
incoming light.

* Also available is the common-cathode type where all cathodes are connected together.

**  Thisistrueonly if thelight energy isapplied at thejunction. If itisapplied tothecrystal at some distance
from the junction, the free electrons and holes will recombine (thus neutralising each other) before they
can join the flow of reverse current.

*** It isfor this reason that semiconductor devices such as diodes and transistors are usually enclosed in
opague case to protect them from light. Those diodes or transistors which are used for light-detecting, on
the other hand, must be encased in transparent plastic or glass so that light may fall on them.
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7.8 Photo-diode Operation

Fig. 7.11 shows the basic photo-diode circuit. The circuit has reverse-
biased photo-diode, resistor Rand d.c. supply. The operation of the photo-

diodeisasunder :

(i) When no light isincident on the pn junction of photo-diode, the
reversecurrent | isextremely small. Thisiscalled dark current.

The resistance of photo-diode with no incident light is called dark

resistance (Rg).
VR

Dark resistance of photo-diode, R, = Dark current

Fig. 7.11

(il) Whenlight isincident on the pn junction of the photo-diode, there
isatransfer of energy from the incident light (photons) to the atomsin thejunction. Thiswill create
more free electrons (and more holes). These additional free electrons will increase the reverse

current.

(ill) Astheintensity of light increases, the reverse cur-
rent I goesonincreasing till it becomes maximum. Thisis
called saturation current.

7.9 Characteristics of Photo-diode

There are two important characteristics of photo-
diode.

(i) Reverse current-lllumination  curve.
Fig. 7.12 shows the graph between reverse current (l5) and
illumination (E) of a photo-diode. The reverse current is
shown on the vertical axisand ismeasured in pA. Theillu-
mination isindicated on the horizontal axisand is measured

Calibrated Photo-Diode

inmW/cm®. Notethat graph isastraight line passing through the origin.

Il = mE

where m = dopeof thestraight line

The quantity mis called the sensitivity of the photo-diode.

E =600 lux

E =400 lux

E =200 lux
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Fig. 7.12

I
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Fig. 7.13

(il) Reversevoltage-Reverse current curve. Fig. 7.13 shows the graph between reverse cur-
rent (I5) and reverse voltage (Vg) for various illumination levels. It is clear that for a given
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reverse-biased voltage Vg, the reverse current |, increases as the illumination (E) on the pn junction
of photo-diode isincreased.

7.10 Applications of Photo-diodes

There are a large number of applications of photo-

diodes. However, weshall givetwo applicationsof photo-

diodes by way of illustration. N ‘:“-& -
(i) Alarm circuit using photo-diode. Fig. 7.14

showsthe use of photo-diodein an alarm system. Light

from alight source is allowed to fall on a photo-diode | |gHT—

fitted in the doorway. The reverse current I, will con-  SOURCE :."‘N‘/PHOTO-DIODE
tinueto flow so long asthe light beam is not broken. If a DETECTOR

. |
person passes through the door, light beam is broken and L Light beam |y
the reverse current drops to the dark current level. Asa L :
result, an alarm is sounded. AR !

(ii) Counter circuit using photo-diode. A photo- hhad Doorway \J:
diode may be used to count items on a conveyor belt.
Fig. 7.15 shows a photo-diode circuit used in a system Fig. 7.14

that counts objects asthey passby onaconveyor. Inthis
circuit, a source of light sends a concentrated beam of
light across aconveyor to a photo-diode. Asthe object passes, the light beam is broken, I, dropsto
the dark current level and the count isincreased by one.

LIGHT SOURCE

PHOTO-DIODE

COUNTER

Fig. 7.15

Example 7.3. From the reverse current-Illumination curve for a photo-diode shown in
Fig. 7.16, determine the dark resistance. Assume a reverse-biased voltage of 10 V.
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Fig. 7.16

Solution.

The current that flows when the incident light is removed from the photo-diode is called dark
current. The resistance of a photo-diode corresponding to dark current is called dark resistance.
From the curve shownin Fig. 7.16, it is clear that for zero illumination, the reverse current iS50 pLA.

Dark current, | = 50pA =50x10°A

r

Reversevoltage, Vg = 10V
. _ VR 10 _ 3 _
Dark resistance, Ry = —=———- =200x 10" Q = 200 k€2
I, 50x10"

Example 7.4. A photo-diode is exposed to light with an illumination of 2.5 mWien?. If the
sensitivity of the photo-diode for the given conditionsis 37.4 uA/mW/cmz, find the reverse current
through the device.

Solution.

Reversecurrent = Sensitivity x [llumination
or lg = MxE=374x25=935pA

7.11 Optoisolator

An optoisolator (also called optocoupler) is a device that uses light to couple a signal from itsinput
(a photoemitter e.g., a LED) to its output (a photodetector e.g., a photo-diode).

Fig. 7.17 shows a LED-photo diode optoisolator. The LED ison the left and the photo-diodeis
ontheright. The arrangement shown in Fig. 7.17 isreferred to as optocoupling because the output
from the LED circuit is coupled via light to the photo-diode circuit. When the LED is energised,
current flows through the LED. The light from the LED hits the photo diode and sets up areverse
current through resistor R,. The voltage across the photo-diode is given by :

Vo = Vss— IR,

The output voltage depends on how large the reverse current is. If wevary the LED supply, the
amount of light changes and this causes the photo diode current to change. Asaresult, v, changes.
Thekey advantage of an optoisolator isthe electrical isolation between theinput and output circuits;
the only contact between the input and output circuitsis the stream of light.
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Fig. 7.17

7.12 Tunnel Diode

A tunnel diodeisa pn junction that exhibits negative resistance between two values of forward
voltage (i.e., between peak-point voltage and valley-point voltage).

A conventional diode exhibits * positive resistance when it is forward biased or reverse biased.
However, if a semiconductor junction diode is heavily doped with impurities, it exhibits negative
resistance (i.e. current decreases as the voltage is increased) in certain regionsin the forward direc-
tion. Such adiodeis called tunnel diode.

Theory. The tunnel diode is basically a pn junction with heavy doping of p-type and n-type
semiconductor materials. In fact, atunnel diode is doped approximately 1000 times as heavily asa
conventional diode. Thisheavy doping resultsinalarge number of majority carriers. Because of the
large number of carriers, most are not used during the initial recombination that produces the deple-
tionlayer. Asaresult, thedepletion layer isvery narrow. In comparison with conventional diode, the
depletion layer of atunnel diode is 100 times narrower. The operation of a tunnel diode depends
upon the tunneling effect and hence the name.

Tunneling effect. The heavy doping provides alarge number of mgjority carriers. Because of
thelarge number of carriers, thereismuch drift activity in p and n sections. This causesmany valence
electronsto havetheir energy levelsraised closer to the conduction region. Therefore, it takesonly a
very small applied forward voltage to cause conduction.

The movement of valence electrons from the valence energy band to the conduction band with
little or no applied forward voltage is called tunneling. Valence electrons seem to tunnel through
the forbidden energy band.

Astheforward voltage isfirst increased, the diode current rises rapidly due to tunneling effect.
Soon the tunneling effect isreduced and current flow startsto decrease asthe forward voltage across
thediodeisincreased. Thetunnel diodeissaid to have entered the negativeresistanceregion. Asthe
voltageisfurther increased, thetunneling effect playslessand less part until avalley-point isreached.
From now onwards, the tunnel diode behaves as ordinary diodei.e., diode current increases with the
increasein forward voltage.

V-I Characteristic. Fig. 7.18 (i) showsthe V-I characteristic of atypical tunnel diode.

(i) Astheforward voltage across the tunnel diodeisincreased from zero, electronsfrom then-
region “tunnel” through the potential barrier to the p-region. Asthe forward voltage increases, the
diode current also increases until the peak-point P is reached. The diode current has now reached
peak current I, (= 2.2 mA) at about peak-point voltage Vp (= 0.07 V). Until now the diode has
exhibited positive resistance.

(ii) Asthevoltageisincreased beyond Vp, the tunneling action starts decreasing and the diode
current decreases as the forward voltage is increased until valley-point V is reached at valley-point
voltage V,, (= 0.7V). In the region between peak-point and valley-point (i.e., between points P and

* If current flowing through acircuit or device increases asthe applied voltageisincreased, we say that the
circuit or device has positive resistance.
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V), the diode exhibits negative resistancei.e., asthe forward biasisincreased, the current decreases.
This suggests that tunnel diode, when operated in the negative resistance region, can be used as an
oscillator or aswitch.

[(mA)
A
P
[,=22mA— -, NEGATIVE
: RESISTANCE
REGION
| . A’
I,=03mA— f---- S :
Vp Wy
0 0.07V 0.7V > ¥ (volts)
0) (i)
Fig. 7.18

(iif) When forward biasisincreased beyond valley-point voltage V,, (= 0.7 V), the tunnel diode
behaves as anormal diode. In other words, from point V onwards, the diode current increases with
theincreasein forward voltagei.e., the diode exhibits positive resistance once again. Fig. 7.18. (ii)
shows the symbol of tunnel diode. It may be noted that atunnel diode has a high reverse current but
operation under this condition is not generally used.

7.13 Tunnel Diode Oscillator

A tunnel diode is aways operated in the negative resistance region. When operated in this re-
gion, it works very well in an oscillator. Fig. 7.19 (i) shows aparallel resonant circuit. Notethat R,
isthe parallel equivalent of the serieswinding resistance of the coil. When thetank circuit isset into
oscillations by applying voltage as shown in Fig. 7.19. (ii), damped oscillations are produced. It is
because energy islost in the resistance R, of the tank circuit.

[\/\/\/\/\/\

cxr V= R lc VAR
3 [ ’ Iéﬁ (VAN

1
—||.)—l\4
=
%
+
D]
J
J

= o

(i)
Fig. 7.19
If atunnel diodeisplaced in serieswith the tank circuit and biased at the centre of the negative-
resistance portion of its characteristic as shown in Fig. 7.20, undamped oscillations are produced at

the output. It is because the negative-resistance characteristic of the tunnel diode counteracts the
positive-resistance characteristic of the tank circuit.

Thecircuit shownin Fig. 7.20 is called tunnel diode oscillator or negative resistance oscillator.
The negative resistance oscillator has one major drawback. While the circuit works very well at
extreme high frequencies (upper mega hertz range), it cannot be used efficiently at low frequencies.
Low-frequency oscillators generally usetransistors.
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Fig. 7.20

7.14 Varactor Diode

A junction diode which acts as a variable capacitor under changing reverse biasisknown asa
varactor diode.

When apn junctionisformed, depletion layer is created in the junction area. Sincethere are no
charge carrierswithin the depletion zone, the zone actsasaninsulator. The p-type materia with holes
(considered positive) asmajority carriers and n-type material with electrons (—ve charge) asmajority
carriers act as charged plates. Thusthe diode may be considered as a capacitor with n-region and p-
region forming oppositely charged plates and with depletion zone between them acting as a dielec-
tric. ThisisillustratedinFig. 7.21 (i). A varactor diodeis specially constructed to have high capaci-
tance under reverse bias. Fig. 7.21 (ii) shows the symbol of varactor diode. The values of capaci-
tance of varactor diodes are in the picofarad (10™* F) range.

DEPLETION REGION
LEAD LEAD
_¥— P N J +

EFFECTIVE PLATE T EFFECTIVE PLATE

EFFECTIVE DIELECTRIC
(i) (i)
Fig. 7.21

Theory. For normal operation, avaractor diodeisalways *reverse biased. The capacitance of
varactor diodeisfound as:

A
Cr = fw, C, (oF)
where C; = Tota capacitance of the junction *
€ = Permittivity of the semiconductor 100
material 80
A = Cross-sectiona areaof thejunction 60
W, = Width of the depletion layer

When reverse voltage across a varactor diode is 40

increased, the width W, of the depletion layer increases.
Therefore, the total junction capacitance C; of the

20

junction decreases. On the other hand, if the reverse "z < '15 1'0 '5 0
voltage across the diode is lowered, the width W, of the - - B
depletion layer decreases. Consequently, thetotal junction Fig. 7.22

capacitance C; increases.

* A forward biased varactor diode would serve no useful purpose.
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Fig. 7.22 showsthe curve between reverse bias voltage Vg
V across varactor diode and total junction capacitance C.
Notethat C; can be changed simply by changing thevoltage
V. For this reason, a varactor diode is sometimes called

voltage-controlled capacitor. L
7.15 Application of Varactor Diode D
1
We have discussed that we can increase or decreasethejunc- Ry,
tion capacitance of varactor diode simply by changing the o

reversebiasonthediode. Thismakesavaractor diodeideal

for usein circuitsthat require voltage-controlled tuning. Fig.

7.23 showsthe use of varactor diodein atuned circuit. Note I Ry
that the capacitance of the varactor isin parallel withthe =

inductor. The varactor and the inductor form aparallel LC
circuit. For normal operation, a varactor diode is always
operated under reverse bias. In fact, this condition is met Fig. 7.23

in the circuit shown in Fig. 7.23. Theresistance R, in the

circuit isthewinding resistance of theinductor. Thiswinding resistanceisin serieswith the potenti-
ometer R,. ThusR, and R, form avoltagedivider that isused to determine the amount of reverse bias
acrossthevaractor diode D, and thereforeits capacitance. By adjusting the setting of R, we can vary
the diode capacitance. This, in turn, varies the resonant frequency of the LC circuit. The resonant
frequency f, of the LC circuit is given by;

uill—o

1
I 2n/LC

If the amount of varactor reverse biasis decreased, the value of C of thevaractor increases. The
increasein C will causetheresonant frequency of thecircuit to decrease. Thus, a decreaseinreverse
bias causes a decrease in resonant frequency and vice-versa.

Example 7.5. The LC tank circuit shown in Fig. 7.23 hasa 1 mH inductor. The varactor has
capacitance of 100 pF when reverse biasis 5V d.c. Determine the resonant frequency of the circuit
for thisreverse bias.

Solution.

Resonant frequency, f. = 1
T 2m/LC

Here, L=1mH=1x10"H; C=100pF=100x 10 ?F

f, = 1 =503.3 x 10° Hz = 503.3 kHz

2m1x10> x100x 102

7.16 Shockley Diode

Named after itsinventor, a Shockley diode isaPNPN device having two terminals as shown in Fig.
7.24 (i). This*device acts as a switch and consists of four alternate P-type and N-type layersin a
single crystal. The various layers are labelled as P,, N, P, and N, for identification. Since a
P-region adjacent to an N-region may be considered ajunction diode, the Shockley diodeis equiva
lent to three junction diodes connected in series as shown in Fig. 7.24 (ii). The symbol of Shockley
diodeisshownin Fig. 7.24 (iii).

* Note that if we remove the gate terminal of an SCR, the resulting device is Shockley diode.
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Fig. 7.24

Working

(i) When Shockley diode is forward biased (i.e., anode is positive w.r.t. cathode), diodes D,
and D, would be forward-biased while diode D, would be reverse-biased. Sincediode D, offersvery
high resistance (being reverse biased) and the three diodes are in series, the Shockley diode presents
avery highresistance. Asthe*forward voltageincreases, thereverse biasacrossD, isa so increased.
At someforward voltage (called breakover voltage V), reverse breakdown of D, occurs. Sincethis
breakdown results in reduced resistance, the Shockley diode presents a very low resistance. From
now onwards, the Shockley diode behaves as a conventional forward-biased diode; the forward cur-
rent being determined by the applied voltage and external load resistance. Thisbehaviour of Shockley
diodeisindicated on its V-I characteristicin Fig. 7.25.

»
»

REVERSE VOLTAGE

A
v

Ai o VEO
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4

Fig. 7.25

(i) When Shockley diodeisreverse biased (i.e., anodeis negative w.r.t. cathode), diodes D, and
D, would be reverse-biased while diode D, would be forward-biased. If reversevoltageisincreased
sufficiently, the reverse voltage breakdown (point A in Fig. 7.25) of Shockley diode isreached. At
this point, diodes D, and D, would go into reverse-voltage breakdown, the reverse current flowing
* Since D, and D; offer very low resistance (being forward biased), the entire applied voltage appears as
reverse voltage across D.,.
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through them would rise rapidly and the heat produced by this current flow could ruin the entire
device. For thisreason, Shockley diode should never be operated with a rever se voltage sufficient to
reach the rever se-voltage breakdown point.

Conclusion. The above discussion revealsthat Shockley diode behaves like aswitch. Solong
astheforward voltageislessthan breakover voltage, Shockley diode offersvery high resistance(i.e.,
switchisopen) and practically conducts no current. At voltages above the break-over value, Shockley
diode presents avery low resistance (i.e. switch is closed) and Shockley diode conducts heavily. It
may be noted that Shockley diode is also known as PNPN diode or four layer diode or reverse-
blocking diode thyristor.

Note. Once Shockley diodeisturned ON (i.e,, it starts conducting), the only way to turn it OFF
isto reduce the applied voltage to such avalue so that current flowing through Shockley diode drops
below itsholding current (1,,) value. Diode D, then comes out of its reverse-breakdown state and its
high-resistance valueisrestored. This, inturn, causesthe entire Shockley diodeto revert toits high-
resistance (switch open) state.

MULTIPLE-CHOICE QUESTIONS

1. Zener diodes are used primarily as 6. When the reverse voltage increases, the
(i) amplifiers (i) voltageregulators junction capacitance
(iii) rectifiers  (iv) oscillators (i) decreases (i) staysthesame
2. A pnjunction that radiates energy as light (iii) increases  (iv) hasmorebandwidth
instead of asheat iscalled a 7. The device associated with voltage-con-
(i) LED (i) photo-diode tr'olled capacitanceisa ) '
(i) LED (i) photo-diode

(iii) photocell (iv) Zener diode
3. The capacitance of a varactor diode in-
creases when reverse voltage across it

(iii) varactor diode  (iv) Zener diode
8. Thevaractor isusually

(i) decreases (i) increases ) revran it
(iii) breaksdown (iv) storescharge (iii) unbiased

4. To display the digit 8 in a seven-segment
indicator

(i) Cmust belighted

(iv) inthebreakdown region
9. When the light increases, the reverse
current in a photo-diode

(ii) G must be off (i) increases (i) decreases
(iii) Fmust beon (i) isunaffected (iv) none of the above
(iv) All segments must belighted 10. To display the digit O in a seven segment
5. A photo-diodeisnormally display
(i) forward-biased (i) A must belighted
(i) reverse-biased (if) F must be off
(iii) Neither forward nor reverse biased (iii) G must beon

(iv) al segmentsexcept G should belighted

(iv) Emitting light

Answersto Multiple-Choice Questions

1. (i) 2. () 3. () 4. (iv) 5. (ii)
6. (i) 7. (i) 8. (ii) 9. (i) 10. (iv)
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Chapter Review Topics
WhatisaLED ?
Explain the working of aLED.
Give two applications of LEDs.
Why do LEDs need series current-limiting resistors ?
How does LED differ from an ordinary diode ?
What is a photo-diode ?
How does photo-diode work ?
Give two applications of photo-diodes.
What is an optoisolator ?
What is atunnel diode ?

. Explain the V-1 characteristics of atunnel diode.

Explain the working of tunnel diode oscillator.

. What isavaractor diode ?

Explain the working of varactor diode.

. Give one application of varactor diode.

Explain the working of Shockley diode.

© N ok wDd PR

Discussion Questions

Why is LED not made of silicon or germanium ?

Where do we use seven-segment display ?

How do we protect LED from large reverse voltage ?

How does photo-diode differ from an ordinary diode ?

What is dark resistance of photo-diode ?

What do you mean by the sensitivity of photo-diode ?

What is the use of optoisolator ?

How does the width of depletion layer change the capacitance of avaractor ?
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