
5-2 The loaded Zener Regulator 
Figure 5-Sa shows a loaded zener regulator, and Fig. s~sb shows the same circuit 
with giounds. The zener diode operates in the breakdown region and holds the 
load voltage constant. Evenjf the source voltage changes or the load resistance 
varies, the ,load voltage w~ remain fiXed and equal to the zener voltage. 

Breakdown Operation 
How can you_tell whether the zener diode of Fig. 5-5 is operating in the break
down region? Because of the voltage divider, the Thevenin voltage facing the 
diode is: 

(5-2) 

This is the voltage that exists when the zener diode is disconnected from the cir
cuit. This Thevenin voltage has to be greater than the zener voltage; otherwise, 
breakdown cannot occur. 

Series Current 
Unless otherwise indicated, in all subsequent discussions we assume that the 
zener diode is operating in the breakdown region. In Fig. 5-5, the current through 
the series resistor is given by: 

Vs- Vz 
Is= Rs (5-3) 

This is Ohm's law applied to the current-limiting resistor. It is the same whether 
or not there is a load resistor. In other words, if you disconnect the load resistor, 
the current throUgh the series resistor still equals the voltage across the reSistor 
divided by the resistance. 

Load Current 
Ideally, the load voltage equals the zener voltage because the load resistor is in 
parallel with the zener diode. As an equation: 

VL = Vz (5-4) 

This allows us to use Ohm's law to calculate the load current: 

(5-5) 

Figure 5-5 loaded zener regulator. (a) Basic circuit; (b) practical circuit. 
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GOOD TO KNOW 
For zener voltages between 

approximately 3 and 8 V, the 

temperature coefficient is also 

strongly affected by the reverse 

-current in' the diode. The 

temperature coefficient becomes 

m()re positive as current i{lcreases. 
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Zener Current 
With Kirchhoff's current law: 

ls=lz+h 

The zener diode and the load resistor are in parallel The sum of their currents 
has to equal the total current. which is the same as the current through the series 
resistor. 

We can rearrange the foregoing equation to get this important formula: 

lz =Is-h (5-6) 

This tells you that the zener current no longer equals the series current, as it does 
in an unloaded zener regulator. Because of the load reSistor, the zener current now 
equals the series current minus the load current. 

Table 5-1 summarizes the steps in the analysis of a loaded zener regula
tor. You start with the series current. followed by the load voltage and load cur
rent, and finally the zener current 

Zener Effect 

When the breakdown vQlt~.is g:r~~~E,Ql,Eln ~~~~~<?!!,~e l?!t?~d?wn is the 
~~anc:he ~ffect, 9i~~~~~~.S~~E.:. 2. 'Il:~--~~~~~!!!~.~.~.~.!h!LTI!iH2f!!X.~~rs are 
~~~~!';~~l}i~\_!~~2J!g~~~edsl2lfu!2.~!?~~f!l~~~.JlJ?I}!t._~~s, p~oducing 
a chain or avalanche_ effe~t that results -~n a ~_llf_ge_ reverse current. ,_. 
----~"'The zener·effect ~is·omerent: Wh~~~"~~~~~~~~-~~~aV1fr_4~E~~. t!!~-deple-
tion la~er beco~es -~ery n~w. Because o!. this, the electfic _field_ across the de-

pl~E~~l~ieiCV,,§~§ge~~~~~IX.~i!~~j}S'~-~fiJ~Pi~~·\Vh.iit!!~]!~i~i~~igfu 
r:~~~~~~~PPn:~~~lX}_<!Q!QQ.O YJ~m, the_~~!~i~.-~J?5~~se :.~?-~g~--~~~lectr_,Qps 
ou~_<?.!J:J!5tk.Yalens~~'?!bits~ .. :ne creation of free _electron~}!l.~i-LW~yj_~_s;A!l~d the 
~.~!l~! .. ~_!!_t:~t (also knp$Ii_].S_I;lg~1(I~r£!Ii:t7QUJ:ThfSis_cti§tio.g~.-Qifferent from 
the avalanche effect, which depends on high-speed minority carriers dislodging 
valenCe electrons. 

When the breakdown voltage is less than 4 V, :only the zener effect OC

curs. When the breakdown voltage is "greater than 6 V, only the avalanche effect 
occurs. When the breakdown voltage is between 4 and 6 V, both effects are 
present. 

The zener effect was discovered before the avalanche effect, so all 
diodes used in the breakdown region came to be known as zener diodes. Although 
you may occasiOnally hear the term avalanche diode,· the name zener diode is in 
general use for all breakdown diodes. 

Table 5-1 Analyzing a Loaded Zener Regulator 

Process Comment 

Step 1 'Calculate the series current, Eq. (5-3) Apply Ohm's law to Rs 

Step 2 Calculate the load voltage, Eq. (5-4) Load voltage equals diode 
voltage 

Step 3 Calculate the load current, Eq. {5-5) Apply Ohm's law to RL 

Step 4 Calculate the zener current, Eq. (5-6) App'y the current law 
....,. 'f'.~ . to the diode 
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GOOD TO KNOW 
In applications requiring a highly 

stable reference voltage, a zener 

diode is connected in series with 

one or more semiconductor diodes 

whose voltage drops change with 

temperature in the opposite 

direction that Vz changes. The 

result is that Vz remains very stable 

·even though the temperature may 

vary over a wide range. 

Example 5-2 

Temperature Coefficients 
When the ambient temperature changes, the zener voltage will change slightiy.· On . 
data sheets the effect of temperature is listed under the temperature coefficient, 
which is defined as the change in breakdown voltage per degree' Of increase. The 
temperature coefficient is negative for breakdown voltages less than 4 V (zener 
effect). For instance, a zener diode with a breakdown voltage of 3.9 V may have 
a temperature coefficient of -1.4 m V fC. If temperature increases by 1 o, the 
breakdown voltage decreases by 1.4 m V. 

On the other band, the temperature coefficient is posidve for breakdown 
voltages.greater than 6 V (avalanche effect). For instance, a zener diode with a 
breakdown. voltage of 6.2 V may have a temperature coefficient of 2 m V /°C. If the 
temperature increases by 1°, the breakdown voltage increases by 2 m V. 

Between 4 and 6 V, the temperature coefficient ·changes from negative to 
positive. In other words, there are zener diodes with breakdown voltages between 
4 and 6 V in which the temperature coefficient equals zero. This is important in 
some applications when a solid zener voltage is needed over a large temperature 
range. 

Is the zener diode of Fig. 5-6a operating in the breakdown region? 

Figure 5-6 Example. 
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SOLUTION With Eq. (5-2)' 

lkl1 
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Since this Thevenin voltage is greater t_han the ze~er voltage, the zener diode is operating in the breakdown region. 

Example 5-3 lllllllluii!Sinf 

What does the zener current equal in Fig. 5-6b? 

SOLUTION You are given the voltage on both ends of the series resistor. Subtract the voltages, and you can see that · 
8 Vis across the series resistor. Then Ohm's law gives: 

SV 
Is~--~29.6mA 

270!1 
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Since the load voltage is 10 V, the load current is: 

I~ lQV ~lOrnA 
L ik!1 

The· zener current is the difference between the two currents: 

[z ~ 29.6 mA- lO mA ~ 19.6 rnA 

PRACTICE PROBLEM 5-3 Using Fig. 5-6b, change the power supply to 15 V and calculate !5, h, and [z. 

Example 5-4 1111 illlllllisom 

What does the circuit of Fig. 5-7 do? 

Figure 5-7 Example. 
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SOLUTION This is im example.of a preregulator (the first zener·diode}driving a zener regulator (the second zener 
diode). First, notice that the preregu1ator has an output voltage of 20 V. This is the input to the second zener regulator, 
whose output is 10 V. The basic idea is to provide the second regulator,~ith a well-regulated input, so that the final output 
is extremely well regulated. 

Example 5-5 
What does the circuit of Fig. 5-8 do? 

Figure 5-B Zener diodes'uS~d:for waveshaping. 
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SOLU~ION In most applications, zener diodes are used in voltage tegulators where they remain in the breakdown re
gion .. But there are· exceptions. Sometimes zener diodes are used in waveshaping circuits like Fig. 5-8. 

Notice the back-to-back connection of two zener diodes. On the positive half cycle, the upper diode conducts and 
the lower diode breaks down. Therefore, the output is clipped as shown. 'The clipping level equals the zener voltage 
(broken-down diode) plus 0. 7 V (forward-biased diode). 

On the negative half cycle, the action is reversed. The lower diode conducts, and the upper diode breaks down. In 
this way, the output is almost a square .wave. The larger the input sine wave, the better-looking the output square wave. 

PRACTICE PROBLEM 5-5 In Fig. 5-8, the Vz for each diode is 3.3 V,. What would the voltage across RL be? 
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Example 5-6 
Briefly describe the circuit action for each of-the circuits in Fig. 5-9. 

Figure 5-9 Zener appfications.{o) Producing nonstandard output voltages; (b) using a 6-V relay in a 12-V system; (c) using a 6-V 
capacitor in a 12-V system. 
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SOlUTION Figure 5-9a shows how zener diodes and ordinary silicon diodes can produce several de output voltages, 
given a 20-V power supply. The bottom diode produces an output of 10 V. Each silicon diode is forward bias·ed, producing 
outputs of 10.7 V and 11.4 V, as shOwn. The top diode has a breakdown voltage of 2.4 V, giving an output of 13.8 V. With 
other combinations of zener and silicon diodes, a circuit like this can produce different de output voltages. 

If you try to connect a 6-V relay to a 12-V system, you will probably damage the relay. It is necessary to drop 
some of the voltage. Figure 5-9b shows one way to do this. By connecting a 5.6-V zener diode in series with the relay, 
only 6;4 V appears across the relay, which is usually within the tolerance of the relay's voltage rating. 

Large electrolytic capacitors often have small voltage ratings. For instance; an electrolytic capacitor of 1000 J.LF 
may have a voltage rating of only 6 V. This means that the maximum voltage across the capacitor should be less than _6 \ · 
Figure 5-9c shows a workaround solution in which a 6-V electrolytic capacitor is used with a 12-V power supply. Again, 
the idea is to use a zener diode to drop some of the voltage. In this case, the zener diode drops 6.8 V, leaving only 5.2 V 
across the capacitor. This way, the electrolytic capacitor can' filter the power supply and still remain with its voltage rating. 
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