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Chapter 3: Zener Diodes Circuits

The Zener model to be employed for the “on” state will be as shown in Figure a. For the “off”
state as defined by a voltage less than Vzbut greater than 0 V with the polarity indicated in
Figure 3.1-b, the Zener equivalent is the open circuit that appears in the same figure
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Figure 3.1: Zener diode equivalents for the (a) “on” and (b) “off” states.

The simplest Zener diode circuit appears in Figure 3.2.

Figure 3.2: Basic Zener diode regulator.

3.1 FixedV;and R_

The analysis can fundamentally be broken down into two steps:

1. Determine the state of the Zener diode by removing it from the network and calculating
the voltage across the resulting open circuit, as shown below:
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AN |
o +
Vo= WL R
¢ -
Using voltage divider rule:
RV,

V=V =55
R+ R

e If V >= VZ the Zener diode is “on” and the equivalent model of Figure a can be
substituted.

e |IfV <VZ, the diode is “off” and the open-circuit equivalence of Figure b is substituted.

2. Substitute the appropriate equivalent circuit (Figure a or b) and solve for the desired
unknowns.

e If the diode is ON:

Then

Apply KCL to find Iz

IR: _{rf+ IL

;=1 I

Where,
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The power dissipated by the Zener diode 1s determined by

P,=V;1I

Which must be less than the Pz (Maximum Zener Power) specified for the device.

Example 1: (a) For the Zener diode network of Figure 3.3, determine VL, VR, IZ, and PZ.
(b) Repeat part (a) with RL = 3 k Ohm.

1 kL2

6V V=10V R, &12k0 |

-]- Pag = W0 mW -
2

Solution:
Part (a):

yo RV 12k006V) _

“R+R 1KQ+i2kQ SRV

Since V<Vz; the diode is OFF and the resultant circuit will be
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V, = V=873V

Ve=V,— V, =16 V=873V =727V
I;=0A

Pr=Vi,=VA0A) =0W

Part (b):

V= RV, _ 3kQU6V) _
R+ R O 1kQ+3kO

12V

Since V>V;; the diode is ON and the resultant circuit will be

V, == 16V Ve .{ v R &3k
i |
VLZVEZIGV
Ve=V,— V, =16 V—10V=6V
Vi 10V
I, ==L = = 3.33 mA
LR 3k0
Ve 6V
I — — :ﬁ 1;'5‘1
R= R "1k "

I7=Ig — I; [Eq. (2.18)]
= 6 mA — 3.33 mA

= 2.67 mA
The power dissipated.
Pr= Vi, = (10 V)2.67 mA) = 26.7 mW
which 1s less than the specified Pay = 30 mW.
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3.2 Fixed Vi, Variable RL

Due to the offset voltage Vz, there is a specific range of resistor values (and therefore load
current) which will ensure that the Zener is in the “on” state. Too small a load resistance
Rowill result in a voltage Viacross the load resistor less than Vz, and the Zener device will be
in the “off” state.

To determine the minimum load resistance of the regulator in the figure below that will turn
the Zener diode on, simply calculate the value of Rcthat will result in a load voltage V. =Vz.
That is:

V- x4 §R¢

RV

Vi=V:=R R

Then the minimum load resistance is :

I =tz
R R
Once the diode 15 m the “on” state. the voltage across R remams fixed at
Ve=V,— V;
and [g remains fixed at
o=
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Then the Zener current:

IE’ZIR_IL

Resulting in a minimum 1z when I.is a maximum and a maximum Izwhen ILis a minimum
value since Iris constant.

Since Izis limited to Izwas provided on the data sheet, it does affectthe range of R.and therefore
IL. Substituting 1zm for Izestablishes the minimum I as

ILm:in — IR - Jrg;.'.,gr

and the maximum load resistance as

__z

R =75

TOAN

Example: (a) For the circuit shown below, determine the range of Riand I that will result in
Vr.being maintained at 10 V.

(b) Determine the maximum wattage rating of the diode.

I-v= Maximum Zener Diode

Solution:
@
RV, (1 K10 V) 10 kL)
] F
fr'l,.-h; 7 v, S0V 10V 10 250 ()
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Ve=V,— V=50V -10V=40V

7 _Ve_ 40V
B R 1kQ

= 40 mA

I . =1Ip— ;=40 mA — 32 mA = 8§ mA

e Ve _ 10V _
Fama I . 8mA

A plot betweenV, and R, and I, and R is shown below:

¥ ."I

ey 10 Y
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AU i

=
=
=

0] 2500 Bl 0| &

(D) Paax = Vz Ly
= (10 V)(32 mA) = 320 mW

3.3 Fixed RL, Variable Vi

The voltage Vimust be sufficiently large to turn the Zener diode on. The minimum turn-on

voltage Vi = Vimin is determined by:

_y = RV
= V2= R TR
y _ R+ RV
Imin RL

The maximum value of V; is limited by the maximum Zener current Izw.

Since Iom=1g -1,

Igmﬂ = IZ.M + IL

Since 1 is fixed at Vz/R, and Iy is the maximum value of Iz, the maximum V; is defined by

55



St (7 Grawi Physics Part 3

Views = Viwme T V2

lf!‘rm = IRWR + VZ

Example: Determine the range of values of Vi that will maintain the Zener diode of the figure
below in the “ON” state.

Ia
-
o AN v f
g LW Ilf.:
+
~ Vp=20V @12k W
rar = B mA

al

Solution:

. (R, tR}I-",_[l.’!ﬂﬂ Il+22011}[20\'}_ .

Ve =R, 1200 2 23673
L= Yel 20V 661 ma

R, R 12Kk
liee = g + I = 60 mA + 16.67 mA
= 76.67 mA
Viw = Ieu R + V2
= (76.67 mAN0.22 kf)) + 20V
= 1687TV+2V
= 3687V

A plot of V| versus Vi is provided in the figure below:

WV|———————q—
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e The results of this example with a fixed RL revels that, the output voltage will remain
fixed at 20 V for arange of input voltage that extends from 23.67 to 36.87 V.

e In fact, the input could appear as shown the figure below and the output would remain
constant at 20 V.

e Two reference levels can be obtained using two Zener diodes as shown in the figure
below, if the input voltage >V z1+Vz,, both diodes are in ON state.

+ DV
— NN -
S ki M
: ¥
+ -

V= SV L]

e Backto back Zener diodes can used to get the output as illustrated in the figures below:

&, 1
+ 5kQ +
2V 7

Zy

v, 20-V < Vo 20V l _
0 \/ wi Zeners 0 T W0V wi

=
=N
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lV_f
AANN—1 o AT,
S0V + 5k + +
7
l v, 10w/~ v, 10V —-1
0 1 of Zeners }‘2 lovb l |l
o I

Figure: Output voltage and diode current waveforms: (a) small C; (b) large C.
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