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Zener diodes 
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Zener Diode 

• Small-signal and rectifier diodes cannot be operated in 

the breakdown region as it may damage them. 

 

• Zener diode operates in the breakdown region 

 

• By varying the doping level of silicon diodes, a 

manufacturer can produce zener diodes with 

breakdown voltages from about 2 to over 1000 V.  

 

• Zener diodes operate in any of three regions: forward, 

leakage, and breakdown. 
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Characteristics of Zener Diode 

• Forward region - conduction starts around 0.7 V, 
like a ordinary silicon diode.  

 

• Leakage region (between zero and breakdown) - 
only a small reverse current flows.  

 

• Breakdown region - has very sharp knee, followed 
by almost vertical increase in current. 

 

• Voltage is almost constant, approximately equal to 
VZ over most of the breakdown region 
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Characteristics of Zener Diode 

• V
Z
 at a particular test current I

ZT 

 

• Maximum reverse current I
ZM 

 

• As long as the reverse current is less than IZM, 
the diode is operating within its safe range.  

 

• If the current is greater than IZM, the diode will 
be destroyed.  

 

• To prevent excessive reverse current, a current-
limiting resistor must be used 
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Zener Resistance 

• Increase in reverse current produces a slight 
increase in reverse voltage. 

 

• The increase in voltage is very small, typically 
only a few tenths of a volt 

 

• Zener resistance equals the inverse of the 
slope in the breakdown region 
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Ideal Zener diode 

• Breakdown region can be approximated as vertical.  

 

• Therefore, the voltage is constant even though the 
current changes, which is equivalent to ignoring the 
Zener resistance.  

 

• A Zener diode operating in the breakdown region 
ideally acts like a battery 
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Zener Regulator 

• Known as Voltage-regulator diode as it maintains a constant output voltage 
even though the current through it changes.  

• For normal operation, Zener is reverse-biased  

• To get breakdown operation, the source voltage VS must be greater than the 
zener breakdown voltage VZ.  

• A series resistor RS is always used to limit the zener current to less than its 
maximum current rating, otherwise,  diode will burn out due to too much power 
dissipation 
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Zener Regulator 

• Zener voltage regulator, or zener regulator 

• The voltage across the series or current-limiting resistor 
equals the difference between the source voltage and 
the Zener voltage 
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Loaded Zener Regulator 

• Breakdown operation 

 

 

    Thevenin voltage has to be greater than the zener voltage; 

otherwise, breakdown cannot occur 

 

• Load Current - the load voltage equals the zener voltage 

because the load resistor is in parallel with the zener diode. 
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Problem #1 

Suppose the zener diode shown has a breakdown voltage of 10 V. What are 

the minimum and maximum zener currents? 

Solution: 
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Problem #2 

Is the zener diode shown below operating in the breakdown region? 

 

 

 

 

 

Solution: 

zener diode is operating in the breakdown region 
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Loaded Zener Regulator 

• Zener Current – With Kirchhoff’s current law 
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Zener Equivalent Circuit 

• Zener current flows through the zener resistance, the load 
voltage is given by 
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Problem #3 

The zener diode Shown has a breakdown voltage of 10 V and a zener 

resistance of 8.5 Ω. Calculate the load voltage when the zener current is 

20 mA. 

 

 

 

 
Solution: 
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Reading a Data Sheet 
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Device Specifications 

Maximum Power dissipation 

• equals the product of its voltage and current 

 

 

Maximum Current, IZM 

• zener diode can handle without exceeding its power 

rating 

 

 

Derating Factor 

• Reduce the power rating of a device. 


