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Zener Diodes and Applications

Zener Diodes:

Diodes which are designed with plate power-dissipation capabilities to operate in the breakdown region may be employed as voltage-reference or constant-voltage devices. Such are known as avalanche, breakdown, or zener diodes. The zener diode is made for operation in the breakdown region. By varying the doping level, a manufacturer can produce zener diodes with breakdown voltages from about 2 to 250 V. 


When the applied reverse voltage reaches the breakdown value, minority carries in the depletion layer are accelerated and reach high enough velocities to dis​lodge valence electrons from outer orbits. The newly liberated electrons can then gain high enough velocities to free other valence electrons. In this way, we get an avalanche of free electrons. Avalanche occurs for reverse voltages greater than  6 V or so.


The zener effect is different. When a diode is heavily doped, the depletion layer is very narrow. Because of this, the electric field across the depletion layer is very intense. When the field strength reaches approximately 3×107 V/m, the field is intense enough to pull electrons out of valence orbits. The creation of free electrons in this way is called zener breakdown (also known as high-field emission).


The zener effect is predominant for breakdown voltages less than 4 V, the avalanche effect is predominant for breakdown voltages greater than 6 V, and both effects are present between 4 and 6 V. Originally, people thought the zener effect was the only breakdown mechanism in diodes. For this reason, the name "zener diode" came into widespread use before the avalanche effect was discovered. All diodes optimized for operation in the breakdown region are therefore still called zener diodes.
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Fig. 7-1


Fig. 7-1 shows the schematic symbol and the current-voltage curve of a zener diode. Negligible reverse current flows until we reach the breakdown voltage VZ.          In a zener diode, the breakdown has a very sharp knee, followed by an almost vertical increase in current. Note that the voltage is approximately constant, equal to VZ  over most of the breakdown region. Data sheets usually specify the value of VZ at a particular knee current IZK which is beyond the knee (see Fig. 7-1). 

The power dissipation of a zener diode equals the product of its voltage and current. In symbols,
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As long as PZ is less than the power rating PZ(max), the zener diode will not be destroyed. Commercially available zener diodes have power ratings from 0.25 W to more than     50 W. Data sheets often specify the maximum current a zener diode can handle without exceeding its power rating. This maximum current is designated IZM (see Fig. 7-1).     The relation between IZM and power rating is given by
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[7.1]


When a zener diode is operating in the breakdown region, a small increase in voltage produces a large increase in current. This implies that a zener diode has a small dynamic resistance (rZ, see Fig. 7-1). We can calculate this zener resistance by
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The complete equivalent circuit of the zener diode in the zener region includes    a small dynamic resistance (rZ) and dc battery equal to the zener potential (VZ),             as shown in Fig. 7-2a. For all applications to follow, however, we shall assume as a first approximation that the external resistors are much larger in magnitude than the zener-equivalent resistor and that the equivalent circuit is simply the dc battery that equal to VZ  as indicated in Fig. 7-2b.
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Fig. 7-2

Zener Diode Applications:

1.  AC Voltage Regulators (Limiters or Clippers):
Two back-to-back zeners can be used as an ac regulator or a simple square-wave generator as shown in Examples 7-1 and 7-2 respectively.

Example 7-1:
Sinusoidal ac regulator, see Fig. 7-3.
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Fig. 7-3

For  t = 0 → t1 and t2 →  π;   D1 ON  and  D2 OFF  =>  
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For  t = t1 → t2;  D1 ON  and  D2 BREAKDOWN  =>  
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For  t = π → t3 and t4 → 2π;  D2 ON  and  D1 OFF  =>  
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For  t = t3 → t4;  D2 ON  and  D1 BREAKDOWN  =>  
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Example 7-2:
Simple square-wave generator, see Fig. 7-4.
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Fig. 7-4

2.  DC Voltage Reference:
Two or more reference levels can be established by placing zener diodes in series as shown in Fig. 7-5. As long as Vi is grater than the sum of 
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, both diodes will be in the breakdown state and the three reference voltages will be available. 
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Fig. 7-5

3.  DC Voltage Regulators:

a. Fixed RL, Variable Vi:
For the regulator circuit shown in Fig. 7-6;
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Fig. 7-6
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b. Fixed Vi, Variable RL:
For the regulator circuit shown in Fig. 7-7;
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Fig. 7-7
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c. Variable Vi and RL:
For the regulator circuit shown in Fig. 7-8;
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[7.4a]
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Fig. 7-8

Example 7-3:
For the regulator circuit of Fig. 7-9, determine the range of RL and IL that will result in VL being maintained at 10 V. Use a zener diode with power rating (PZ) of 320 mW.
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Fig. 7-9
Solution:
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Example 7-4:
The reverse current in a certain  12 V,  2.4 W  zener diode must be at least  5 mA  to ensure that the diode remains in breakdown. The diode is to be used in the regulator circuit shown in Fig. 7-10, where  Vi  can vary from  18 V  to  24 V.  Find a suitable value for  RS  and the minimum rated power dissipation that  RS  should  have.
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Fig. 7-10
Solution:
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Choosing or calculating  
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Exercises:

1. Sketch  the output (vo)  for the circuit of  Fig. 7-11  for the input shown (vi) when    |Vm|  equal to  (i)  5 V,  and  (ii)  15 V.
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Fig. 7-11
2. Design the voltage regulator circuit of Fig. 7-12 to maintain VL at 12 V across RL with Vi that will vary between 16 and 20 V. That is, determine the proper value of RS and the power rating of the zener diode (PZ).
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Fig. 7-12
3. The 6-V zener diode in  Fig. 7-13  has a maximum rated power dissipated of         690 mW.  Its reverse current must be at least  3 mA  to keep it in breakdown.  Find   a suitable value for  RS  if  Vi  can vary from  9 V  to  12 V  and  RL  can vary from  500 Ω  to  1.2 kΩ.
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Fig. 7-13
4. If  RS  in  Exercise 3  is set equal to its maximum permissible value, what is the maximum permissible value of  Vi?

5. If  RS  in  Exercise 3  is set equal to its minimum permissible value, what is the minimum permissible value of  RL?

6. If  RS  in  Exercise 3  is set equal to 120 Ω, what is the minimum rated power dissipated that  RS  should have?
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