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L6  Diode Applications 4

Instructor: Nasser Ismail

ENEE236

Analog Electronics

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

 It can also be used as protection device against 

overvoltage

 Analysis starts by defining state of diode followed by 

using appropriate model, then find unknown quantities 
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A voltage regulator supplies constant voltage to a load.

Voltage Regulator 

ENEE236  – Analog Electronics

Zener Diode V-I Curve
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• In data sheet , 

we have IZT, VZT

• Zener currents 

will be assumed 

positive if 

passing from 

cathode to 

Anode

• If IZ< IZK   zener will 

act as an open  

circuit 

• If IZ> IZmax

zener will 

damaged

• If IZK < IZ< IZmax zener will be in voltage regulation (zener) region

VAK

IA

(1)
Forward 
Region

(2)
Reverse 
Region

(3)
Zener 
Region

IZK =Iz(min)

IZT 

IZM= Iz(max)

VZM VZT VZK =Vz(min)

A

K

IZ=IKA=-IAK
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VZ=VKA
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Zener Diode Operation Regions
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Region (1)

 When VAK>0 , zener

acts as regular diode 

ON

VAK

IA

(1)
Forward 
Region

(2)
Reverse 
Region

(3)
Zener 
Region

IZK =Iz(min)

IZT 

IZM= Iz(max)

VZM VZT VZK =Vz(min)

A

K

IZ=IKA=-IAK

+

VZ=VKA

-  Region (2)

When VZK<VAK<0 , 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

Zener Diode

Operation & Models
The Zener is a diode that is 

operated in reverse bias at 

the Zener Voltage (Vz). 

Conditions for zener diode to operate in 
the breakdown (Zener/ON) region When 

1. Cathode is more positive than anode

2. Vth  VZ

3. IZ > IZ(min)

4. IZ< IZ(max)

==>  Voltage across the Zener is VZ

• Zener current: IZ = IS – IL
• The Zener Power: PZ = VZIZ
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Vin

Rs

RL

+

VL

-

+

VZ

- IZ IL

IS

A

K

IZ=IKA=-IAK

+

VZ=VKA

-

Vin

Rs

RL

+

VTH

- IL

IS



ENEE236

BZU - ECE

10/3/2015

Fall 2015-2016

Instructor: Nasser Ismail 4

Zener Diode

Models
1. Ideal Model
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2. Simplified Model

A

K

+

VZ

-
A

K

IZ=IKA=-IAK

+

VZ=VKA

-

Fixed Vin, Variable RL

 Due to the value of VZ, 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
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Example
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Example
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Example
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diodezener  the
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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))
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Example

Find the range of values of Vi that will maintain the zener in 

the ON (regulation ) State
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Design of Rs (Current limiting Resistor)

Given  :

Find  range of acceptable Rs in the voltage regulator 
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Design of Rs (Current limiting Resistor)

Given  :

Find  range of acceptable Rs in the voltage regulator 
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Design of Rs (Current limiting Resistor)
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Variation of VZ (using simplified model)

ENEE236  – Analog Electronics

          

ΔI

ΔV
r

Z

Z
Z 

                    

r . )I(IV                     

r . ΔIVVV

r . )I(IV                     

r . ΔIVVV

known are r & I,V If

ZZ(min)ZTZT

ZZZTZKZ(min)

ZZTZ(max)ZT

ZZZTZMZ(max)

ZZTZT









(2)
Reverse 
Region

(3)
Zener 
Region

IZK =Iz(min)

IZT 

IZM= Iz(max)
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Example
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Clipper circuits using Zeners Rs

+

Vo

-

+

VZ

-

Vin

a) When Vi(t) < -0.7 V, Zener

works in region (1) as regular 

diode ON

b) When VZ > Vi(t) > -0.7 V, 

Zener works in region (2) as 

regular diode OFF

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

in region (3) as voltage regulator 
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         7.0)(V 
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t
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t
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         )(V)(V iO tt 

         V)(V ZO  t

ENEE236  – Analog Electronics

Clipper circuits using Zeners
c) When Vi(t)> VZ, Zener works 

in region (3) as voltage regulator 

         V)(V ZO  t

Rs

+

Vo

-

Vin

+

VZ

-

VZ

-0.7 V
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Clipper circuits using Zeners
Find and sketch  Vo(t)

a) When  0.7V <Vi(t) < VZ2,

D1- regular diode ON

D2- regular diode OFF

b) When Vi(t) > VZ2 

D1 – ON (region 1)

D2- Zener ON (region 3)

         )(V)(V iO tt 

         7.0V)(V Z2O  t

R

+

Vo

-

+
0.7 V

-
Vi(t)

R

+

Vo

-

+
0.7 V
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R

+

Vo

-

+
VZ2

-

-
VZ1

+

Vi(t)

D1

D2
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Clipper circuits using Zeners

c) When -0.7V >Vi(t) > -VZ1, 

D1- regular diode OFF

D2- regular diode ON

d) When Vi(t) < -VZ1 

D2 – ON (region 1)

D1- Zener ON (region 3)

         )(V)(V iO tt 

         7.0V)(V Z1O  t

R

+
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-
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+
Vi(t)

-
0.7 V

+
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-

Vi(t)

-
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+

R

+

Vo

-

+
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-

-
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+

Vi(t)

D1

D2
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Clipper circuits using zeners
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Voltage-Multiplier Circuits

Voltage Doubler

Voltage Tripler

Voltage Quadrupler

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:
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Voltage Doubler

This half-wave voltage doubler’s output can be calculated 

using:

Vout = VC2 = 2Vm

where Vm = peak secondary voltage of the transformer
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Voltage Doubler

Vout = VC2 = 2Vm

Positive Half-Cycle D1 conducts

D2 is switched off

Capacitor C1 charges to Vm

Negative Half-Cycle D1 is switched off

D2 conducts

Capacitor C2 charges to Vm
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Voltage Tripler and Quadrupler
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