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Zener Diode
Simple Voltage Regulator

» The Zener Is used as a voltage regulator to maintain a
constant dc output under variations in load current and ac
line voltage

» [t can also be used as protection device against
overvoltage

» Analysis starts by defining state of diode followed by
using appropriate modadel, then find unknown quantities
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Voltage Regulator
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Variable source

A voltage regulator supplies constant voltage to a load.
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Zener Diode V-l Curve

lz=lka=-1ak Z S Vz=Vka

|

(2)
(3) Reverse
Zener Region

VzT : Vzx =Vz(min)

e |flzK < Iz< IZmax

(1)

Forward

* |n data sheet,
we have lzr, Vz7

* Zener currents
will be assumed
positive if

VAK passing from

|2k =|z(min)

Paj

|ZM= |z(max)

cathode to
Anode

e |flz<Izk zener will
act as an open
circuit

e |f1z> IzZmax

zener will
damaged

zener will be in voltage regulation (zener) region
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lz=lka=-1ak

Zener Diode Operation Regions

K ? +
Vz=Vka
ZS | A
Ao
(2)
(3) Reverse FOF(V:\ll;rd
Zener Region R .
| Regi£1*_ - *____eilon
|
Vzv | Vzr 1 VzK =V z(min) J VAK

|ZK=|z(min)

|27

|zm= |z(max)

Region (1)

» When VAK>0 , zener
acts as regular diode
ON

» Region (2)

When Vzk<VAk<O0 , zener
acts as regular diode
OFF

> Region (3)

When VzK>VAK ,

This is the intended
operating region ,and the
zener acts as a voltage
regulator

» And Vz=VKA ,it can be
replaced by either a
battery or a battery in
series with resistor rZ
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Zener Diode
Operation & Models

The Zener Is a diode that Is 9,
operated in reverse bias at o /Zg -
the Zener Voltage (V). e e
Conditions for zener diode to operate in ad
the breakdown (Zener/ON) region When Rs
1. Cathode is more positive than anode A AN +
IS
2. Vth > VZ Vin sz S \I/ j/ VL
3. 1z > 1z(min) A
4. 1z< 1z(max) Rs
==> Voltage across the Zeneris V, ——
S
« Zener current: /= /s— 1/, vin Vi l

* The Zener Power: P,= V,/, - YR
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1. Ideal Mode/

2. Simplified Model

Zener Diode

Models

lz=lka=-lak

o]

+
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(Vz >V >0V)

"oft"

i '

Vz
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Fixed Vi, Variable RL

» Due to the value of Viz, there Is specific values of RL (IL)
that ensure the zener is in the ON (regulation) state

» Too small values of RL can result in zener being OFF
R

_ _ L
VL —VZ — Vin Rs
R+ R,
+
R RV, S
L (min) _V V Vi Vv 2 S
in Vz " ’
A v, _ z 1w R
RL > RL(min) — IL(max) — R — R
L L (min)
Also, valuesof R, =R canresultin =1, > 1, ., | o
L(min) — 's ~ 'Z(@max)
U
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Example

Given the following valuesof R,
find the mode of operation of the
zener and the voltage V,
a)R, =0.1kQ
b)R, =0.5kQ
C)R, =5kQ
dR, =
SOLUTION
a) R, =0.1kQ
using ideal model

R, V. - 0.1
R, +Rg 0.1+1
Zener works in region 2, it acts
as open circuit
V, =3.18V (itisnot regulated)

Vth =

1z

35V =3.18V

RL
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Vz=10V,

Example
IS
+
35V

b)R, =0.5kQ
using ideal model
\VA =—RL V. = 0.5 35V =11.67V

R, +Rg 0.5+1
Vin >V,
Zener works in region 3, it works as voltage regulator
V, =V, =10V
I = 35V-10V _ 25 mA

1kQ

I, = Vi _ 10 =20 mA

R, 0.5kQ

=1;-1, =5mA

RL
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Vz=10V,

1

Example
+
35V
C)R, =5kQ
using ideal model
V, = LVin = i35V =29.17V
R, +Rg 5+1
Vy >V,
Zener works in region 3, it works as voltage regulator
V, =V, =10V
I = 35V-10V _ 25 mA
1kQ
I, = Vi _ 10 =2mA
R, 5kQ

I, =1,-1, =23mA

RL
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Example

35V

Vz=10V,

1

d)R, =5kQ
using ideal model
V, =——\. =35V
o+ R
Vin > V7
Zener works in region 3, it works as voltage regulator
V, =V, =10V
I = 3/5V-10V _
1kQ

V. _1o_,

|, =
L
RL o0

,=1,-1, =25mA

25 mA

RL
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Example

1) Determine Range of R, & I that

will resultin V, be maintained at10V

2) Determine the power rating of
the zener diode

SOLUTION
1) Tofind R, that will turn the

zener diode ON :

Ve=Ve = Vi
L + S
R
R = > z
Vi _Vz
o = 2 102500
5010

250 Q< R, <1.25kQ

| 2 (may =32 MA

2)TofindR .0 = Weneed |l .

I|_(min) — Is — IZ(max)

IS:V‘_VZ _50-10 _ .5 A
R, 1k
| iy =40—32=8mA
U
R\ ma) = Vo 10V 95ka
IL(min) 8mA

3) Py = Va-lzomag =10V . 32 MA =320 mW

The zener diode is chosen with power rating > P, ..,
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Fixed RL, Variable Vin

For Fixed RL, the voltage Vin must be large enough to turn
the zener diode on ( regulation region (3))

R, + R
Vin :Vin(min) =——V, Rs
it AVAVAY
Vinmag 1S limited by maximum —>"| IL
S

zener current I, . *Xvin Vz l

IS(max) - IZ(maX) + I'—

Vi(max) — IS(max)'RS + VZ

U

Vin(min) = Vin = V

in(max)
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Example

Find the range of values of Vi that will maintain the zener in
the ON (regulation ) State Rs=22002

R, +R
\/in(min) = LR—SVZ
L

_1200+220 .1 o397V
1200 Iz RL=1.2kQ

lc=1,+1,

I +1.

S(max) — I z(max)

=Y 2OV 6 67mA
R, 12000

lsmao = 60 MA +16.67 MA = 76.67 mA
V., . =(76.67 MA).(220Q)+ 20V =36.87 V

i(max)

. 23.07V <V, <36.87V
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Design of Rs (Current limiting Resistor)

G/l/en .' VZ ' I Z(min)? I Z(max) ? Vin(min) ) Vin(max) ) R L(min)? R L(max)
Find range of acceptable Rs in the voltage regulator

D1, =l —1, Rs 220€)

Worst Case : ehtsmallest value of (I —1,)
must be always higher than > 1.

+
le, .~ —1 > | Vin Vz-ZOV l
S(min) L(max) — " Z(min)

I Z(min)

1z RL=:
VS(min) _VZ |

>\,
L(max) — " Z(min)
R

VS(min) - VZ
R S

| 2 miny T VL maxy =

R < VS(min) _Vz
S

IZ(min) + IL(max)
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Design of Rs (Current limiting Resistor)

G/l/en .' VZ ' I Z(min)? I Z(max) ? Vin(min) ) Vin(max) ) R L(min)? R L(max)
Find range of acceptable Rs in the voltage regulator

2) IZ = IZ(maX) VS(max) _Vz ] <1
L(min) = 'Z
Worst Case : the largest value of (I —1,) R, (min) = “2(me)
must be alwayssmaller than I, ., | L Vsmag — Vz
Z(max) L(min) — R
IS(max) o IL(min) = IZ(max) S
V. -V
Rs > S(max) Z
IZ(max) + IL(min)
Note That
Vz
I|_(min) — R—
L(max)
vV VS(min) _Vz >R.> VS(max) _Vz
__Vz =2 Rg 2
IL(max) - R IZ(min) + IL(max) IZ(max) + IL(min)

L(min)
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Design of Rs (Current limiting Resistor)

Given:

V, =10 V,

L z(miny =9 MA, 1 z(may = 200 MA, Vs =Vz_ g 5 Vs~V
=z Rg 2

Vin(min) =15V, Vin(max) =20 Vv, IZ(min) + IL(max) IZ(max) + IL(min)

R miny =900, R () = ©

Find R,?
Solution 2000Q >R, >500
letR; =100 Q
IL(min) = Ve = 10V =20 mA
R e 500 Q2
V 10V
I = Z = — O
L(max) R o

L(min)
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Variation of Vz (using simplified model)

AV,

I, = (3) (2)
AIZ Zener Reverse
|, Region. Region

Vazm Vzk =Vz(min)

If V., 1. &, are known |2k =l2(min)
VZ(max) = VZM — VZT + AIz .y ~

=V, + (IZ(max) —lzr). 1y, ; I |zr
Vz(min) =V, =V, —AL, .1, N

= VZT - (IZT - IZ(min)) 17 ———————————— lzv= |z(max)
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Rs??
Example AAA
If V,, =15V at |, =17mA A X +
IZK — 0.25mA _ 24V Vz VL
P, =1Watt ] 1z RL
Find: -
1)Minimum and Maximum Values of Vz
(2)
Z)Value Of RS Ze_-(:()-:-r Reverse
| Region. ! Region
3) Valueof R ., o T
Vv | Vzr 1 Vzk =Vz(min)
P i |M=Hmm
1) 1y =200 WAL _ g6 2 ma :
V, 15 ! I
: ZT
VZ(max) — VZM — VZT + AIz .y |
= VZT + (IZ(max) — IZT) Iy
|Zhﬂ=|zhnax)

=15+ (66.7-17) mA (14 Q) =157V
VZ(min) =V, =V, —AlL .1,
-—-\/ _—_(q1 _—_1  \Nr
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Rs??
Example — AN
— % +
VZ(min) =V =V —AlL .1, N /ZSI ILl
¥
=V, — (IZT — IZ(min)) .y <->24V vz Vi
=15—(17-0.25) mA (14 Q) =14.76 \V ] 1z RL
2)R; a) @)
ener Reverse
VS(min) _Vz > Rs > VS(max) _Vz | segﬂ,% _Region
| 2miny T 1L max) | 2maxy + VL (miny Vo i v iV i
Here V,, = V, is fixed = i T o
V. -V B | ZK =1z(min)
R > —> 20 _ 247157 _ 1040 :
| 2o + Viming~ 66.7 MA+0 ~ | |
' : P ZT
VS — VZ(min) 24 — 1476 E :
Rs < = S L.
| 2iminy + Vmag  0-25 MA+?7? i/
| § S S |zv= |z(max)
e

we choose R, =124Q AVz
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Rs??
Example A A A
% +
IS IL
+
24V Vz J, VL
_ . RL
3)RL(min) — IL(max) -
IL(max) — IS - IL(min) (3) (2)
—66.7 MA -0.25 mA = 66.45 mA ener o
- ——
_ V 2(min) 14.76 V |
c R L (min) = = = 222 Q \Vzm V IV Vz(mi
I L(max) 6645 mA Al ZK___ _anl"l)__

|ZK=|z(min)

ba

- |ZM= |z(max)
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Clipper circuits using Zeners Rs

Vin Vz /ZS/ Vo

a) When Vi(t) <-0.7V, Zener
works in region (1) as reqgular

diode ON 0.7+i ().R+V, () =0
Vi()-07 _

i (t) = 0
V. (t) <—0.7
=V, (t) =-0.7

b) When Vz > Vi(t) > -0.7 V,
Zener works in region (2) as
regular diode OFF - v @) =V.(t)

c) When Vi(t)> Vz, Zener works
In region (3) as voltage regulator

SV, (1) =V,

Rs

Vin i)—(b

0.7V

Rs

Vo

Vin@
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Clipper circuits using Zeners

c) When Vi(t)> Vz, Zener works

: : Rs
In region (3) as voltage regulator

+ +

SV, (t) =V,

vVin V: —— Vo
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Clipper circuits using Zeners

Find and sketch Vo(t)

a) When 0.7V <Vi(t) < Vzz,
D1- regular diode ON
D2- regular diode OFF

<V, (1) = Vi (t)

R

Vi(t) f\)

NV

Vi(t)

0.7 v—

R

—AMA

b) When Vi(t) > Vz2
D1 — ON (region 1)

D2- Zener ON (region 3)

Vs (t)=V,,+0.7

Vi(t) f\)

0.7 V—

Vz2 =—
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Clipper circuits using Zeners

c) When -0.7V >Vi(t) > -Vz,

D1- regular diode OFF
D2- regular diode ON
= Vo (1) = V()

R

—AW

Vi(t) fg Vo

0.7V—
+

d) When Vi(t) < -Vz1
D2 — ON (region 1)

D1- Zener ON (reaion 3)
Vg (t)=-V,, 0.7

R

+

Vo

—AW
Vet ,SZ/M
Vi(t) f\)
Vea /ZS/DZ
R
—\W\ ,
V-zz
Vi(t) f\) ' Ve
0.7V
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Clipper circuits using zeners

. +
Uin o

O

-
24V

l"“
24V

o

Yo

fna

—T:

24V

+ O

(¢) Circuits for the characteristic of part (a)
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Voltage-Multiplier Circuits

Voltage multiplier circuits use a combination of diodes
and capacitors to step up the output voltage of rectifier
circuits. Three common voltage multipliers are the:

\V/e)
\V/e)

tage Doubler

tage Tripler

Voltage Quadrupler
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Voltage Doubler

“ Vm Dl 2Vm — C2 2"m
+

This half-wave voltage doubler’s output can be calculated
using:
Vo — VCZ =2 Vm

ut =

where V,, = peak secondary voltage of the transformer



ENEE236 — Analog Electronics

Voltage Doubler

Positive Half-Cycle D, conducts
D, is switched off

Capacitor C, chargesto VV/,

Negative Half-Cycle D, is switched off
D, conducts

Capacitor C, chargesto V/,,

Diode D, . Diode D,
+ Vn /nonconducting + Gy /conducting
I s I o
+ : o A -
C D, J_ v, ] _J_
— — V. D, G, Ve A\ 42 2 == G 2V,
Vou= Ve = 2V | § /D o
- \ . - . +
Diode D, \Diode D,
conducting nonconducting
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Voltage Tripler and Quadrupler

['ripler (3V,,)
4 2V,
== ¢ + 1=
™ " "
C C;
%‘ v, 42 D, D r &
G, .
— i Ik . 1t
2V, 2V,
Doubler(2V))) -
Quadrupler (4V,,)
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Practical Applications

Rectifier Circuits
Conversions of AC to DC for DC operated circuits
Battery Charging Circuits

Simple Diode Circuits
Protective Circuits against
Overcurrent
Polarity Reversal
Currents caused by an inductive kick in a relay circuit

Zener Circuits
Overvoltage Protection
Setting Reference Voltages



