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ABSTRACT 

 

In this paper an attempt has been made to describe the role of Zener diode 

and its application in electronics. Zever diode works on the principle of Zener 

breakdown and is operated in reverse breakdown region. In reverse breakdown region 

high current flow through the diode leading to high power dissipation. 

Zener diodes can be found in several applications. Some of these are : voltage 

stabilizers or regulators, surge suppressors for device protection, peak clippers 

switching operations, reference elements and in meter protection applications. 
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INTRODUCTION 

 

It was noted earlier that the reverse-bias saturation current of a general-purpose 

junction diode is so small that it ordinarily is masked by currents associated with high-

resistance conducting paths across the junction. But currents associated with other phenomena 

occurring in what is a very complex physical junction environment also can mask the leakage 

current.  

If the reverse-bias voltage magnitude is increased above a threshold (the specific value 

depends on the junction geometry and material parameters) one or the other (possibly even 

both concurrently) of two new phenomena occur. These phenomena, which are different from 

the junction phenomena described before, establish a new mechanism of current flow, 

generically referred to as ‘Zener breakdown’, which masks the junction reverse-bias leakage 

current. In the breakdown region of operation large current changes occur with very small 

changes in reverse-bias voltage, similar to forward-bias operation but for quite different reasons. 

These phenomena occur in all semiconductor junction diodes. However the reverse-

bias breakdown voltage characteristic can be reproduced with considerable precision by 

controlling doping and other manufacturing process parameters. For ordinary use diode 

breakdown is characterized simply by specification of a minimum reverse-bias breakdown 

voltage and current; the magnitude of the breakdown voltage is guaranteed to be no less and 

http://www.physics-journal.org/
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the current (for a specified lower voltage) no more than specified values. Such diodes are not 

intended specifically for operation in reverse breakdown, and are expected to maintain a low-

conduction state when operated in reverse-bias within the specified breakdown voltage limit. 

 

 
 

Diodes whose reverse-breakdown characteristics are controlled precisely during 

manufacture commonly are called Zener diodes. Zener diodes command a premium because 

of the special production controls and selection, and are intended specifically for operation in 

the reverse-breakdown mode primarily as inexpensive voltage references. 
 

 

 

 

 

 

 

 

 

 

 

 

 
Zener effect  

 

In electronics, the Zener effect (employed most notably in the appropriately 

named Zener diode) is a type of electrical breakdown. It occurs in a reverse biased p-n 

diode when the electric field enables tunneling of electrons from the valence to the conduction 

https://en.wikipedia.org/wiki/Electronics
https://en.wikipedia.org/wiki/Zener_diode
https://en.wikipedia.org/wiki/Electrical_breakdown
https://en.wikipedia.org/wiki/P-n_junction#Reverse_bias
https://en.wikipedia.org/wiki/P-n_diode
https://en.wikipedia.org/wiki/P-n_diode
https://en.wikipedia.org/wiki/Electric_field
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band of a semiconductor, leading to a large number of free minority carriers which suddenly 

increase the reverse current 
 

 
 

The I-V curve for a diode showing avalanche and Z 

 

Theoretical Consideration 

 

The Zener diode is like a general purpose signal diode. When biased in the forward 

direction it behaves just like a normal signal diode, but when a reverse voltage is applied to it, 

the voltage remains constant for a wide range of currents. 

 There is a limit for the reverse voltage. Reverse voltage can increase until the diode 

breakdown voltage reaches. This point is called Avalanche Breakdown region. At this stage 

maximum current will flow through the Zener diode. This breakdown point is referred as 

“Zener Voltage”. 

 The Zener diode is used in its “reverse bias”. From the I-V characteristics curve we 

can study that the Zener diode has region in ts reverse bias characterstics of almost a constant 

negative voltage regardless of the value of the current flowing through the diode and remains 

nearly constant through the diode and remains nearly constant even with large changes in 

current as long as the Zener diodes current remains between the breakdown current I
Z

(min) 

and the maxium current rating I
Z

(max). 

 This ability to control itself can be used to great effect to regulate or stabilise a voltrage 

source against supply or load variations. The fact that the voltage across the diode in the 

breakdown region is almost constant turns out to be an important applicaiton of the Zener diode 

as a voltage regulator. 

https://en.wikipedia.org/wiki/Semiconductor
https://en.wikipedia.org/wiki/Charge_carriers_in_semiconductors
https://en.wikipedia.org/wiki/Electric_current
https://en.wikipedia.org/wiki/Current%E2%80%93voltage_characteristic
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APPLICATION 

 

Zener diode is a junction formed by combining highly doped PN semiconductors. It 

works on the principle of Zener breakdown and is operated in reverse breakdown region. In 

reverse breakdown region high current flow through the diode leading to high power 

dissipation. Hence the Zener diodes are provided with adequate power dissipation capabilities 

to operate in reverse breakdown region. 

 

AS RECTIFIER 
 

From the V-I characteristic of a junction diode we see that it allows current to pass 

only when it is forward biased. So if an alternating voltage is applied across a diode the current 

flows only in that part of the cycle when the diode is forward biased. This property is used to 

rectify alternating voltages and the circuit used for this purpose is called a rectifier.  

If an alternating voltage is applied across a diode in series with a load, a pulsating 

voltage will appear across the load only during the half cycles of the ac input during which the 

diode is forward biased. Such rectifier circuit, as shown in Fig. 14.18, is called a half-wave 

rectifier. The secondary of a transformer supplies the desired ac voltage across terminals A 

and B. When the voltage at A is positive, the diode is forward biased and it conducts.  

When A is negative, the diode is reverse-biased and it does not conduct. The reverse 

saturation current of a diode is negligible and can be considered equal to zero for practical 

purposes. (The reverse breakdown voltage of the diode must be sufficiently higher than the 

peak ac voltage at the secondary of the transformer to protect the diode from reverse 

breakdown.) Therefore, in the positive half-cycle of ac there is a current through the load 

resistor RL and we get an output voltage, as shown in Fig. 14.18(b), whereas there is no current 

in the negative halfcycle. In the next positive half-cycle, again we get the output voltage. Thus, 

the output voltage, though still varying, is restricted to only one direction and is said to be 

rectified. Since the rectified output of this circuit is only for half of the input ac wave it is 

called as half-wave rectifier.  

The circuit using two diodes, shown in Fig. 14.19(a), gives output rectified voltage 

corresponding to both the positive as well as negative half of the ac cycle. Hence, it is known 

as full-wave rectifier. Here the p-side of the two diodes are connected to the ends of the 

secondary of the transformer. The n-side of the diodes are connected together and the output 

is taken between this common point of diodes and the midpoint of the secondary of the 

transformer. So for a full-wave rectifier the secondary of the transformer is provided with a 

centre tapping and so it is called centre-tap transformer. As can be seen from Fig.14.19(c) the 

voltage rectified by each diode is only half the total secondary voltage. Each diode rectifies 

only for half the cycle, but the two do so for alternate cycles.  

Thus, the output between their common terminals and the centretap of the transformer 

becomes a full-wave rectifier output. (Note that there is another circuit of full wave rectifier 

which does not need a centretap transformer but needs four diodes.) Suppose the input voltage 

to A 
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Figure 14.18 (a) Half-wave rectifier circuit, (b) Input ac voltage and output voltage waveforms from the 

rectifier circuit. 

 

(Note that there is another circuit of full wave rectifier which does not need a centretap 

transformer but needs four diodes.) Suppose the input voltage to A with respect to the centre 

tap at any instant is positive. It is clear that, at that instant, voltage at B being out of phase will 

be negative as shown in Fig.14.19(b).  

So, diode D1 gets forward biased and conducts (while D2 being reverse biased is not 

conducting). Hence, during this positive half cycle we get an output current (and a output 

voltage across the load resistor RL) as shown in Fig.14.19(c). In the course of the ac cycle 

when the voltage at A becomes negative with respect to centre tap, the voltage at B would be 

positive. In this part of the cycle diode D1 would not conduct but diode D2 would, giving an 

output current and output voltage (across RL) during the negative half cycle of the input ac.  

Thus, we get output voltage during both the positive as well as the negative half of the 

cycle. Obviously, this is a more efficient circuit for getting rectified voltage or current than the 

halfwave rectifier The rectified voltage is in the form of pulses of the shape of half sinusoids. 

Though it is unidirectional it does not have a steady value. To get steady dc output from the 

pulsating voltage normally a capacitor is connected across the output terminals (parallel to the 

load RL).  

One can also use an inductor in series with RL for the same purpose. Since these 

additional circuits appear to filter out the ac ripple and give a pure dc voltage, so they are called 

filters.  

Now we shall discuss the role of capacitor in filtering. When the voltage across the 

capacitor is rising, it gets charged. If there is no external load, it remains charged to the peak 

voltage of the rectified output. When there is a load, it gets discharged through the load and 

the voltage across it begins to fall. In the next half-cycle of rectified output it again gets charged 

to the peak value (Fig. 14.20). The rate of fall of the voltage across the capacitor depends upon 

the inverse product of capacitor C and the effective resistance RL used in the circuit and is 

called the time constant.  To make the time constant large value of C should be large. So 

capacitor input filters use large capacitors. The output voltage obtained by using capacitor 

input filter is nearer to the peak voltage of the rectified voltage. This type of filter is most 

widely used in power supplies. 
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Figure 14.19 (a) A Full-wave rectifier circuit; (b) Input wave forms given to the diode D1 at A and to the 

diode D2 at B; (c) Output waveform across the load RL connected in the full-wave rectifier circuit. 
 

 
Figure 14.20 (a) A full-wave rectifier with capacitor filter, (b) Input and output voltage of rectifier in (a). 

 

As  a Voltage Stabilizer 
 

The major application of a Zener diodes in the electronic circuit is as a Voltage 

Regulator. It provides a constant voltage to the load from a source whose voltage may vary 

over a sufficient range. The figure below shows the circuit arrangement of Zener diode as a regulator. 

 

 

 

 

 

 

 
L connected in the full-wave rectifier circuit. 

.FIGURE 14.20 (a) A full-w 



 Abhay Gupta, et al., J. Pure Appl. & Ind. Phys. Vol.7 (6), 287-294 (2017)  

293 

In the above circuit the Zener diode of Zener Voltage VZ is connected across the load 

RL in reverse condition. The constant voltage (V0 = VZ) is the desired voltage across the load. 

The output voltage fluctuation is absorbed by a series resistor R which is connected in series 

with the circuit. This maintains a constant voltage (V0) across the load. 

Let a variable voltage Vin be applied across the load RL. When the value of Vin is less 

than Zener voltage VZ to the Zener diode no current flows through it and the same voltage 

appearing across the load. The Zener diodes conduct a large current is, when the input voltage 

Vin is more than the Zener Voltage Vz. As a result large amount of current flows through series 

resistor R which increases the voltage drop across it. 

Thus, the input voltage, excess of Vz (i.e. Vin – VZ) is absorbed by the series resistor. 

Hence, a constant voltage V0 = Vz is maintained across the load RL. When a Zener diode of 

Zener voltage Vz is connected in reverse direction parallel to the load, it maintains a constant 

voltage across the load equal to Vz and hence stabilizes the output voltage. 

 

For Meter Protection 
 

Zener diodes are generally employed in multimeters to protect the meter movement 

against the damage from the accidental overloads. The Zener diode is connected in parallel 

with the meter from the safety point of view. 

The circuit diagram is shown below. 

 
The Meter movement is protected from any damage as most of the current passes 

through the Zener diode, in case of any accidental overload. When the meter movement is 

required to be protected, regardless of the applied polarity (i.e when alternating current is passed). 

The circuit arrangement is modified as shown in the figure below. 
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CONCLUSION 

  

A Zener Diode is a special kind of diode which permits current to flow in the forward 

direction as normal, but will also allow it to flow in the reverse direction when the voltage is 

above a cartain value the breakdown voltage known as the Zener Voltage. The Zener voltage 

of a standard diode is high, but if a reverse current above that value is allowed to pass through 

it, the diode is permanently damaged. 

 Zener diodes are widely used as voltage references and as shunt regulators to regulate 

the voltage across small circuits. When connected in paralled with a variable voltage source 

so that it is reverse biased, a Zener diode conducts when the voltage reaches the diode’s reverse 

breakdown voltage. From that point on, the relatively low impedence of the diode keeps the 

voltage across the diode at that value. Zener diodes are also used in surge protectors to limit 

transient voltage spikes Zener diodes have been available for many years, and nowadays they 

are widely used in many areas of electronic circuits. 
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