GOOD TO KNOW

As with conventional diodes, the :

manufacturer places a band an the
cathode end of the zener diode for

terminal identification.

5-1 The Zener Diode

Small-signal and rectifier diodes are never intentionally opcréted in the breakdown .

region because this may damage them. A zener diode is different; it is a silicon
diode that the manufacturer has optirnized for operation in the bréakdown region.
The zener diode is the backbone of voltage regulators, circuits that hold the load
voltage almost constant despite large changes in line voltage and load resistance.

I-V Graph

Figure 5-1a shows the schematic symbol of 4 zener diode; Fig, S-ib is an alterna-

tive symbol. In either symbol, the lines resemble a z, which stands for “zener.” By’
varying the doping level of silicon diodes, a manufacturer can produce zener.

diodes with breakdown voltages from about 2 to-over 1000 V. These dicdes can
operate in any of three regions: forward, leakage, and breakdown.
{»Flgure 5-1c shows the I-V graph of 4 zener diode. In the forward’ reg;on

it starts é‘onductmg around 0.7 V, just like an ordinary silicon dicde. In the leak-
age region (between zere and breakdown), it has cnly a small reverse current. In -
a zeper diode, the breakdown has a very sharp knee, followed by an almost verti-:

cal increase in current':;Note that the voltage is almost constant, approximately
équal to Vz over miost of the breakdown region. Data sheets usually spec1fy the

value of Vz at a particular test current Jzr.

(Flgure 5-1c also shows the maximum reverse current Iz, As long as the
reverse current is less than Izy, the diode is operating within its safe range. If the

. cufrent is greater than Jzy, the diode will be destroyed. To prevent excessive

reverse current, a current-limiring resistor-must be used (discussed later?/;

- Lener Resnstance

In the third approximation of a silicon diode, the forward ivoltagc across a diode
equals the knee voltage plus the additional voltage across the bulk resistance.

Figure 5-1  Zenér diode. (o) Schematic symbol; {8 alternative symbot; (¢} graph of current versus voltage; (o} typical zener diodes.
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-Similarly, in the breakdown region, the reverse voltage across a diode
equais the breakdown voltage plus the additional voltage across the bulk resis-
tance. In the reverse region, the bulk resistance is referred to as the zener resis-
tance. This resistance equals the inverse of the slope in the breakdown region.

P
£ _In.other words, the more vertical the breakdown region, the smaller the zener

resistance.

In Fig. 5-1c, the zener resistancé means that an increase in reverse cur-
rent produces a slight increase in reverse voltage. The increase in VOltage 18 very
small, typically only a few tenths of a volt. This slight increase may be important
in design work, but not in troubleshooting and preliminary analysis) Unless
otherwise indicated, our discussions will ignorethe zener resistance. Fig. 3-1{d)
shows typical zener diodes. : |

. Zener Reguiator

{ A zener diode is somet:mes called a voltage-regulator dzode because it mamtams

] operatmn you have to reverse blas the zener d1ode, as shown in F1g 5~«§ Furs
thermore, to pet breaf{"&“‘“ﬁfﬂ“ﬁﬁéﬁﬁ?n the source voItage Vs mustﬁ’e g;rf:atcr thg,n

W1ll burn out tike any dcwce with too much quer - dissipation, Y-

““Flgure*g‘ 2b shows an ﬂ;emway / to draw the cireuit with grounds

For instance, suppose you want to know the voltage across the series
resistor of Fig, 5-2b. Here is the one way to find it when you have a built-ep cir-
cuit, First, measure the voliage from the Ieft end of Rs to ground. Second, measure
the voltage from the right end of Ry to ground. Third, subtract the two voitages to
get the voltage across Ry. If you have a floating VOM or DMM, you can connect
'd;.rectly across the series resistor. ‘

Figure 5-2¢ shows the output of a power supply connected to a senes\
resistér and a zener diode. This circuit is used when you want a dc output voltage
that is less than the output of the power supply. A circuit like this is called a zener
voltage regulator, or sunply a zener regulator. : -

Ohm's Law Again _

In Fig. 5-2, the voltage across the series or current:limiting resistor equals the dif-
ference between the source voltage and the zener voltage. Therefore the current
‘through r:he resistor is

Vs — ¥V ! : )
Is= Rg 2 - . - ' - 5D

F‘igure 52 Zener regulator, {a) Basic circuit; (b) same circuit with grounds; (] power supply drives reguiator.
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Ei . ~ o Ongce you have the value of series current, you also-have the value of zener current.
igure b-3 ideal approximationofa S N , R ;
. cenerdiods, This is because Fig. 5-2 is a series circuit. Note that fs must be less than Jzy.

o | Ideal Zener Diode

+ For roubleshooting and preliminary analysis, we can approximate the breakdown
Ve region as vertical. Therefore, the voltage is constant even though the current -
- changes, which is equivalent to ignoring the zener resistance. Figure 5-3 shows
: the ideal approximation of a zener diode. This means that a zener diede operating
in the breakdown region ideally acts like a battery. In a circuit, it means that you
can mentally replace a zener diode by a voltage source of Vy, provided the zener
diode is operating in the breakdown region. :

~ £xample 5-1

Suppose the zener diode of Fig. 5-4q has a breakdown voltage of 10 V. What are
the minimum and maximom zener currents?

Figure 5-4 Example.

B20 Q2

. ) _ ' ' (b

SOLUTION  The applied voltage may vary from 20 to 40 V. Ideally, a zener
" diode acts like the battery shown in Fig. 5-4b. Therefore, the output voltage is
- 10V for any source voltage between 20 and 40 V.
b The minimem current occurs when the source voltage is minimum.,
® Visualize 20 V on the left end of the resistor and 10V on the right end. Then you
can see that the voltage across the resistor is 20 V — 10V, or 10 V. The rest is
Oflun's law:

i A -
Is= goq = 122mA

The maximum current océﬁrs when the source voltage is 40 V. In this case, the
voltage across the resistor is 30V, which gives a current of
h 0V —
Iy=——=366mA =
578 a 7 |

Ina voltage tegulator like Fig. 5-4a, the output voltage is hield constant -
2 at 10 V, despite the change in source voltage from 20 to 40 V. The larger séurce -
voltage produces more zener carrent, but the output voltage holds fock-solid at
10 V. (JIf the zener resistance is incheded, the output voltage increases shghtly

", -when the source voltage i increases. )

! PRACTICE PROBLEM 5~1% Usiﬂg Fig,-5-4, what is the zener current Igif
A Vm =130 V?
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