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Zener Diodes and Voltage Regulators 
 

A voltage regulator constructed using the ~0.7V forward bias 
voltage drop across a diode is designed using the following 
equations: 

number of diodes: N = VR/0.7 
 line regulation:  Δvr/Δvs = N×rd/(N×rd+RS) 
 

The problem is that for larger regulated voltages many diodes 
must be used resulting in poor line regulation.  The current-
voltage characteristic is shown in the plot for N = 1 to 5. As N 
increases the slope decreases resulting in a larger resistance.  
 

The plot also shows the breakdown region for a single diode, 
which exhibits a large turn on voltage and steep fairly constant 
slope. A Zener diode is exactly the same as a normal junction 
diode except: 

1. The voltage and current orientations are reversed. 
2. The diode symbol has edges on the line. 
3. The datasheet specifies additional information for the 

breakdown region. 
 

The Zener diode can be modeled using the CVD model or with 
the addition of a small resistor. The resistor accounts for the 
constant slope of the i-v curve in breakdown. The resulting 
current voltage characteristic for the PWL model becomes: 
 iz=0   for vz<VZ0 
 iZ=(vZ-VZ0)/rz for  vz>VZ0 
 

Care should be taken with Zener diodes that vz does not become negative to go into the FB region. 
 

 
The table (https://www.onsemi.com/pub/Collateral/1N4736AT-D.PDF) shows values for Zener diodes. 
The 12V device (1N4742A) has rz = 9Ω, and a test current, IZ(VZ=12V) = 21mA.  Based on these values, we 
can find VZ0 = 12 – 9×.021 = 11.81V.  As a comparison, a 12V regulator based on N×FB diodes (n=2) would 
require 12/0.7 = 17 diodes.  If VS = 14V and RS = 200Ω, the regulator would have total diode resistance of 
80Ω and a line regulation of 0.28. The Zener diode approach would require one diode and have a line 
regulation of 0.04. 
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