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Break Down Mechanism 
 

◦ If  the reverse-bias applied to a p-n junction is increased, a point will reach when the junction breaks down and reverse current rises sharply 

to a value limited only by the external resistance connected in series. This specific value of  the reverse bias voltage is called breakdown 

voltage (vz). After breakdown, a very small further increase the reverse current. The breakdown voltage depends upon the  witdh of  

depletion layer. The width of  depletion layer depends upon the doping level.  



Zener Breakdown 
 

◦ The Zener Breakdown is observed in the Zener diodes having Vz less than 5V . When  a reverse voltage is applied  to a Zener diode, it 

causes a very intense electric field to appear across a narrow depletion region. Such an intense electric field is strong enough to pull some of  

the valence electrons into the conduction band by breaking their covalent bonds .these electrons then become free electrons which are 

available for conduction.  A large number of  such free electrons will constitute a large reverse current through the Zener diode and 

breakdown is said to have occurred due to the Zener effect. 

 



Avalanche Breakdown 
 
 
◦ The avalanche breakdown is observed in the Zener Diodes having Vz having more than 8 V. In the reverse biased condition, the conduction 

will take place only due to the minority carriers. As we increase the reverse voltage applied to the Zener diode, these minority carriers tend 

to accelerated. Therefore, the kinetic energy associated with them increases. While travelling, these accelerated minority carriers will collide 

with the stationary atoms and impart some of  the kinetic energy to the valence electrons present in the covalent bonds. 

 



Introduction 

◦ The very steep i–v curve of the diode in the breakdown region and the almost-constant 

voltage drop suggest that diodes operating in the breakdown region can be used in the 

design of voltage regulators. 

◦ Voltage regulators are circuits that provide a constant dc output voltage in the face of 

changes in their load current and in the system power-supply voltage. 

◦ It can be obtained using diodes operating in the reverse-breakdown region. 

◦ These special diodes are manufactured to operate specifically in the breakdown region 

and are known as breakdown diodes or zener diodes. 

◦ Figure1 shows the circuit symbol of the zener diode. 

◦ Current flows into the cathode, and the cathode is positive with respect to the anode. 

Fig.1 : Symbol of  

Zener Diode 



V-I Characteristics 

◦ Figure 2 shows details of the diode i–v characteristic in the 

breakdown region. 

◦ The i–v characteristic is almost a straight line for currents 

greater than the knee current IZK . 

◦ Voltage across the zener diode VZ  is usually  specified at test 

current, IZT. 

◦ the zener voltage changes by ∆V, which is related to ΔI by 

   

Fig.2 : The diode i–v characteristic with the 

breakdown region 

ΔV = rz ΔI 

where rz  is the incremental or dynamic resistance at 

operating point Q.  



Modelling of  Zener Diode 

◦ The analysis of networks employing Zener diodes is quite similar to the analysis of semiconductor diodes. 

◦ Figure 3 shows the approximate equivalent circuits for each region of a Zener diode assuming the straight-line 

approximations. 

 

Fig.3 : Approximate equivalent circuits for the Zener 

diode in the three possible 

regions of  application. 



Vi and R Fixed 

◦ The applied dc voltage is fixed, as is the load resistor as shown in 

figure 4. 

◦  The analysis can fundamentally be broken down into two steps. 

1. Determine the state of the Zener diode by removing it from 

the network and calculating the voltage across the resulting open 

circuit. 

Fig.4 : Basic  Zener 

Regulator 

Fig.5 : Determining the 

state of  Zener Diode 

If V  ≥ VZ,  Zener diode “ON”  

If V ≤ VZ,  Zener  diode “OFF” 



◦ 2. Substitute the appropriate equivalent circuit and solve for the 

desired unknowns. 

◦ On substituting the diode equivalent model, as shown in figure 6, 

 

Fig.6 :Substituting the Zener 
equivalent for the 

“on” situation. 

Where, 

The power dissipated by the Zener diode is determined by 

PZ  should be less than the PZM specified for the device 



Example 

Question: For the Zener diode network of Figure 7 ,  

a. Determine VL, VR , IZ , and PZ. 
b. Repeat part (a) with RL= 3 k. 

Fig.7  

Solution: (a) 

Since V = 8.73V is less than VZ = 10 V, the diode is “off”, 
equivalent circuit is shown in fig.8 

Fig.8 


