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Types of Regulators

Voltage Regulators 

”VR”

Linear VR Switching VR

Shunt Series

Discrete IC VR

Fixed 

Output
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Output

Positive 

output

78XX
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Output
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Used for high 

power apps
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here

Used for low 

power apps
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Types of Regulator

 Fundamental classes of voltage regulators are linear 

regulators and switching regulators.

 Two basic types of linear regulator are the series regulator

and the shunt regulator .

 The series regulator is connected in series with the load 

and the shunt regulator is connected in parallel with the 

load.

Types of Regulator

Linear VR

Shunt Series

Discrete
(Made From discrete 

components)

IC VR

(Implemented 

within  an 

Integrated circuit)

Opamp

Series with 

current limit

Opamp

Series VR

Uploaded By: anonymousSTUDENTS-HUB.com



BZU-ECE

ENEE2360

2/5/2023

First2022-2023

Instructor: Nasser Ismail 4

-

+
Opamp

Vin

R2

R1

RL

R3

Q1

Vo

+

-

VZ

+

-
VZ

+

-
VZ

+

-

Vo’

C

B

E

CEoi
VVV 

,V  If
o


Opamp Series VR

ddo
VAV '













oZd
V

RR

R
VA

12

2    

,
o

V ,
be

V E
I

o
V, 

-

+
Opamp

Vin

R2

R1

RL

R3

Q1

Vo

+

-

VZ

+

-
VZ

+

-
VZ

+

-

Vo’

C

B

E

+

+

-

-















small bemust  resistors  

erough thescurrent th the
 

Vo of samplingfor 

 are  
2

R,
1

R Resistors

III

VVV

RR

RRo





21

21

2

2

R

V
I

VV

Z

ZR





21

2

RR

R
VV

oZ




Opamp Series VR











2

11
R

R
VV

Zo

Uploaded By: anonymousSTUDENTS-HUB.com



BZU-ECE

ENEE2360

2/5/2023

First2022-2023

Instructor: Nasser Ismail 5

Example

 Determine the output voltage for the regulator below.
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Choosing the right Transistor

 The transistor must be chosen such that its power 

rating is suitable

 PQ > or = VCE*IE      otherwise BJT will be damaged

 VCE=Vc-VE=Vin-Vo  

 IE=IL+IR1    , but  IL>> IR1 
Control 

Element

Error Detector

Sample 

Circuit

VREF

Opamp Series VR  with current limit

-
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+
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Q2

Rsc

Current Limiting Circuit

In order to protect the transistor from damage when a very 

high current passes through it due to a short circuit or 

excessive current demand at the load
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Opamp Series with current limit
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IC Voltage Regulator

IC VR

Fixed 

Output

Adjustable 

Output 

(*317*)

Positive 

output
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Negative 

Output
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Fixed Voltage Regulator

IC Part Output Voltage (V) Minimum Vi (V)

7805 +5 +7.3

7806 +6 +8.3

7808 +8 +10.5

7810 +10 +12.5

7812 +12 +14.5

7815 +15 +17.7

7818 +18 +21.0

7824 +24 +27.1

Positive-Voltage Regulators in the 78XX Series

Vin must be higher than Vo by at least 2V for proper operation of the voltage regulator
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Fixed Voltage Regulator

IC Part Output Voltage (V) Minimum Vi (V)

7905 -5 -7.3

7906 -6 -8.4

7908 -8 -10.5

7909 -9 -11.5

7912 -12 -14.6

7915 -15 -17.7

7918 -18 -20.8

7924 -24 -27.1

Negative-Voltage Regulators in the 79XX Series
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Adjustable Voltage Regulator 

based on 78xx family
 Find the minimum and maximum output voltage (Vo)  for 

the following IC voltage regulator. Note that R2 is a 

variable resistor that can be varied from 0 to 3kW

 What is the range of values of  VIN required for proper 

operation of the circuit

 What is the power dissipation of the LM7808 when 

Vo=Vo(min) and Vin=Vin(max)  and load current =0.25A

R2

LM7808

R1

2kW

+

Vo

-

+

VIN

??

-

Iadj=3mA

Voltage Regulators
 Solution
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Voltage Regulators

 Solution

ENEE236                Analog Electronics                                    

Nasser Ismail 

V 13292V ,  V92Vowhen 

V 1028V ,  8VVowhen 

 volts2least at by  Von higher tha bemust  V

IN(MAN)

IN(MIN)

IN





   W5.750.25*8)-(31 I*V-VP

:LM7808 ofn DissipatioPower 

LOIN(LM7808)


Adjustable-Voltage Regulator

Adjustable-Voltage Regulator

 Voltage regulators are also available in circuit 

configurations that allow to set the output voltage to a 

desired regulated value.

 The LM317 is an example of an adjustable-voltage 

regulator, can be operated over the range of voltage from 

1.25 to 35 V.
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Voltage Regulators

 Iadj=~ 50 uA (constant From data sheet)

 VREF=1.25 (always true for the 317 family) 

 Vo=~ 1.25 – 35V

 Vo is defined by proper choice of R1 & R2

 Vo=VR1+VR2

 VR1=VREF=IR1*R1

 IR1=IREF=VREF/R1

 VR2=(IREF+IADJ)*R2

 Vo=IREF*(R1+R2)+Iadj*R2

Example

 Given R1=220 W ; R2=5kW potentiometer

 Iadj=~ 50 uA (constant From data sheet)

 Find Vo(min) and Vo(max) 

 Find range of Vin ?
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Voltage Regulators

   

 
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Voltage Regulators example
 Given the following series voltage regulator

 1) Complete the design of the following voltage regulator 

(Find  of R1, R2 and R3) assuming that the voltage across 

the load resistor RL is equal to 12V. Assume Iz(min) = 2mA.

 2)Show how to modify the circuit to limit the load current to 

1A.

 3)Find the output voltage for the modified circuit of part 2) 

when  the load resistor  RL =100W and when RL =8W.

 4) Choose a transistor with suitable power 

rating

-

+
Opamp

VZ
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V
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20V to 25V

R2
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R3

Q1
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+

-

IZ(min)

2mA
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Example Continued

 SOLUTION
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Voltage Regulators
 SOLUTION
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Ex. Continued

 SOLUTION
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