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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

➢ 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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Reverse bias of a pn junction

A

The electric field may become large enough for the covalent bond to break, causing 
electron-hole pairs to be created. 

Breakdown Voltage
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Regulator :

Used to maintain a constant dc output voltage 

under variation in the load current from the dc 

power supply and under variation in the ac line 

voltage 

𝑉𝑜= 𝑅𝐿

𝑅𝐿+𝑅𝑆
 . Vs 
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A voltage regulator supplies constant voltage to a load.

Voltage Regulator 
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Simple voltage regulator 

1 k

Vz=10 v

+

-
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Zener Diode V-I Curve

ENEE236  – Analog Electronics

• 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

+

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 0 <VKA<VZK , zener 

acts as regular diode 

OFF

➢ Region (3)

When VKA>VZK ,

This is the intended 

operating region ,and the 

zener acts as a voltage 

regulator
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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

Uploaded By: Malak ObaidSTUDENTS-HUB.com



Zener Diode

Models
1. Ideal Model
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2. Simplified Model  (will not 

be used in this course)

A

K

+

VZ

-
A

K

IZ=IKA=-IAK

+

VZ=VKA

-

rz
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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

ENEE236  – Analog Electronics

=

=

=

=

L

L

L

L

L

L

d)R

kΩ 5c)R

kΩ 0.5b)R

kΩ 0.1a)R

V  voltage theandzener 

  theofoperation  of mode  thefind

,R of  valuesfollowing Given the

) regulatednot  isit  (  V .183V

circuitopen  as

 actsit  , 2region in  sZener work

V 18.3V 35
11.0

0.1
V

RR

R
V

 model ideal using

kΩ 0.1R a)

L

SL

L
th

L

=

=
+

=
+

=

=

in

SOLUTION

35V

+

VZ=10V

-
IZ

ILIS

RL

Uploaded By: Malak ObaidSTUDENTS-HUB.com



Example
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Example
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Example
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Example

ENEE236  – Analog Electronics

diodezener  the

 of ratingpower   theDetermine )2

 10Vat  maintained being Vin result  will

 that  &  of Range Determine )1

L

LL IR

50V

Rs=1kW

RL

+

VL

-

+

VZ=10V

- IZ

ILIS

mA 32IZ(max) =

W=
−

W
=

−
=


+

==

 25001
0105

k 1
R

 V
VV

R
R

V
RR

R
VV  

:ON diodezener 

  turn the that will  find To )1

L(min)

Z

Zi

S
L

i

SL

L
ZL

(min)LR

SOLUTION

W===



=−=

=
W

−
=

−
=

−=



k 25.1
mA 8

V 10

I

V
R

mA 82304I

mA 40
k 1

0105

R

VV
I

III

I need weR find To )2

L(min)

L
L(max)

L(min)

S

Zi
S

Z(max)SL(min)

L(min)L(max)

Z(max)

Z(max)ZZ(max)

P  ratingpower h chosen wit is diodezener  The

mW  320mA 32  .  V 10.IVP )3



===
WW k 25.1R  250 L

Uploaded By: Malak ObaidSTUDENTS-HUB.com



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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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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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 =
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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)
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