Apparatus required: Bread Board, Zener Diodes, Re

sistors ~1kQ, Digital Multimet
pC Ammeters (0-200mA), Regulated Power Supply(0- g1 ultimeter,

30V), Connecting wires,
Theory

A Zener diode is heavily doped p-n junction diode, specially made to operate in the
preak down region. A p-n junction diode normally does not conduct when reverse biased.
put if the reverse bias is increased, at a particular voltage it starts conducting heavily.

This voltage is called Break down Voltage. High current through the diode can
permanently damage the device.

To avoid high current, we connect a resistor in series with Zener diode. Once the diode
starts conducting it maintains almost constant voltage across the terminals whatever may

be the current through it, i.e., it has very low dynamic resistance. It is used in voltage
regulators.

A portion of the reverse characteristic of the Zener diode where the current increases
suddenly and the reverse current becomes almost independent of the voltage across Zener
diode is known as breakdown region of the given Zener diode. This portion is very
important for voltage regulation purpose.

The value of current limiting resistance (Rg) is determined by maximum allowable

“Wrent through the given Zener diode. If I,,,, be the maximum allowable Zener current,
then

R =Vi_VZ=Vi_VZ=V‘_VZVZ
g Izm Pz/Vg Pz

Where p z is the power rating of the given Zener diode, say 14 Watt and V7 is the Zer}er
"cakdown voltage, say 5.6 Volt. So for input voltage 10 volt, the value of series

“Mance becomes 100-8.8 5,6 = 98.56 ~ 100 Ohm.

= .0—-5.6) x
e Wattage rating of series resistance would be (V; — Vz) X Izm = (10.0-5 )

*0501964 ~ 0.20 ~ 1 Watt.

Mmim‘lm value of load resistance (R.) req

giVenb v
Vids = e ¥ 5.6 ~ 125 Ohm.
L=7,; _szz_.—l/4x5.6

uired to achieve Zener breakdown region is
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For forward Bias

Static resistance Ry = Pty (1)
AVy
Dynamic resistance 7" = Bps i (1a)
For Reverse Bias
4
Static resistance Rg = 7R£ ......... (2)
L (2b)

Dynamic resistance r = Al

If Vi be the no-load voltage across the Zener diode and V}, be the voltage acr

Zener diode or load at the rated load current, then the Load regulation Percentag,
e

given by
R Vi g (3
Vi
The variation of the output voltage due to variation of the input at a fixy g
resistance is known as line regulation characteristics of the given Zener diode. Tle inpu

regulation factor at a rated load voltage is given by
change in load voltage (AV})

i~ change in input voltage (AV)
Steps to be followed
Forward Bias

1. Arrange the circuit with proper value of series resistance (Rg)as showni
Fig. 4.1.

2. Vary the input voltage (Vi) in steps and measure the forward voltage (Vi
across the diode using digital Voltmeter or multimeter and forward curret
(Ir) through diode using Ammeter. -

3. Tabulate the values of Vi and Ir. At the knee point when the forward currt
Just starts to increase, take reading in close intervals.

4. By using the values of V and I, plot the forward bias characteristic® :

5- At suitable operating point in the characteristic, calculate the stati
dynamic resistance of diode using the formula given in the theory:

Rs
iz | Rg = 100 kO
. 7 i Vg = 0-30 volt DC
/,. Vs o Ve Z = Zener diode
- J Vg = Voltmeter (0-2 V)

mA = Milliammeter (0-50

T

F' 4.1: . : 3 .
1g8.4.1: CIPCQIt diagram of forward bias characteristics:
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Reverse Bias

1.

. Vary the reverse input voltage (V)

A.l‘l'al?ge 't.he cuc.ull: V.VIth pProper value of soriog resistance (Rg) as per the given
circuit diagram in Fig. 4.2, o

_ in steps and measure the reverse volte
in o Yo Vi ) age
(Vi) across the diode using digital voltmeter or digital multimeter and

reverse current (In) through diode using micro ammeter

Tabulat(‘a the values of V, and In: - At the'knee point when' the forward
current just starts to increase, take reading in close intervals.

By using the values of V; and Ir, plot the reverse bias characteristic curve.

. At suitable operating point in the characteristics, calculate the static and

dynamic resistance of diode given in the theory.

Rg
s : Rg = 100 kQ
: Z g Vg =0-30 volt DC
> Vs R Z = Zener diode
/ J Vg = Voltmeter (0-20 V)
_L mA = (0-50 mA)

Fig.4.2: Circuit diagram for the reverse bias characteristics.

Line Regulation Characteristics

VS7

. Vary the input voltage from z

. Draw the graph taking input voltage

R
—WV\SM &) Ly ""Rg=1000
mA Vg = 0-30 volt DC
v AN VL mA = Milliammeter (0-100 mA)
P E R, Z = Zener diode
R, = load resistance box (0-50,000 Q)
1 V,_ = Voltmeter (0-20 volt)

Fig.4.3: Circuit diagram for line regulation characteristics.

. Arrange the circuit as shown in Fig. 4.3. . :
. The load resistance is fixed to known value (about five times the value o

series resistance). .
ero in suitable steps and measure the input

voltage (V) with a digital dc voltmeter and the corresponding load voltage

V1) using digital voltmeter.
(V1) using digital vo (V1) along x-axis and load voltage (V..

along y-axis.
Observe the value of input voltage above w
constant. The Zener diode is fired or got bre

input voltage.

hich the load voltage is almost
akdown region at that value of
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6. Calculate t

V()]t
is given by )

change in load voltage (AVy)
S; = change in input voltage (AV;)

Load Regulation Characteristics:
Rs mA

M _(#) —« Rg=1000
gl Vg = 0-30 volt DC

Kn VL mA = Milliammeter (0-100 ma)
VSX[ Z05p }T;L Z = Zener diode

R, = Variable load resistance box (-5
J_ V| = Voltmeter (0-20 volt)

000 )

Fig.4.4: Circuit diagram for load regulation characteristics.

1. Arrange the circuit as shown in Fig.4.4.

2. Set the input voltage fixed to known value sufficiently larger (almost I
times) than Zener breakdown voltage.

3. Set the load resistance to infinite or no load connected actually and note

no load voltage Vii) from the voltmeter. In this situation no load currﬂl“.
passing obviously.

o
4. Vary the load resistance starting from say 10000 Ohm and measure e

s tlﬂ#";
voltage (Vi) and load current (I.) for high to low values of differen
resistances in steps. i

nt
9. Draw the graph taking load voltage (V) along y-axis and load .c;{;eo .
a!ong x-axis. This curve is known as load regulation characterist!
given Zener diode, i
eq
) g;lc‘ﬂate bercentage regulation at the given load current from W

Experimental Observations

Table 1;

D : ) 0.
\‘\Ma;ﬁ)r Forward biased 1~y characteristics of the given diode i
81. No. of obs \

u
Source Voltage Forward Voltage (Vr) Forwaffi c‘"
— | (Vl)(ODtlonal) i Volt | against diode in Volt -
’\

e ’ :%




| 4

(o
Table 2: Data for Reverse biased I~V characteristics of the given diode No.
Source Voltage (V)

(optional) in Volt

/N()_’(-)—f—o—bs
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Sl

Reverse Voltage
(Vi) against diode
in Volt

Reverse current
(Ir) in mA

Calculation: Plot I~ V graph for both types of biasing and obtain the following.

For forward Bias

L. vy
Static resistance R f= =
D o resistance 11 =

ynamic r =3

For Reverse Bias

o v
Static resistance Rg = 7%
R

: ; AV
Dynamic resistance r = T’ﬂ
. R

Table 3: Data for Reverse biased line regulation characteristics of the given

Zener diode No. ......

SL. No. of obs

Source Voltage (Vi) in
Volt

" The fixed load resistance (Ri) =i Ohm

Load Voltage (Vi) in
Volt

L
ah.Manu,phy [3)
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Table 4: Data for Reverse biased [Load re
Zener diode No. ......

gulation characteristics of the giyq,

Fixed Input Voltage: ...... Volt
Sl. No. of obs Value of Load Load Voltage (V1) in Load cum
resistance (Ri,) Volt mA
optional) in Ohm
(optional) - S
1 00 e oy
e ——
]
I——

Calculation: Plot I;~V|, graph for both line and load regulations.

Line Regulation percentage
S — change in load voltage (AV})
'~ change in input voltage (AV)

Load regulation percentage

| VA
R= N{./ L oz
L
Discussions

1. Ensure that the polarities of the power supply and the meters as per the
circuit diagram.

2 E;nsure the proper value of series resistance and its wattage to protect tht
circuit from burn out. :

4 During load regulation the load current should not be very high, in that &
the voltage acrogs the Zener be v

comes v reach
breakdown voltage, ety low and may not

5. During line re :
gulatio . _ Rs
value, It ep N, the load resistance should be about five times the

Sures that duripg i
voltage acrogg the 7 g Inpu



