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Instructor: Nasser Ismail

ENEE2360

Analog Electronics

Dc Power Supply

• All electronic circuits and systems 

require a stable source of dc voltage 

and current ( or dc power) to operate 

correctly. 

Transformer

Line voltage 
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Rectifier Filter Regulator LOAD
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Supply
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Line voltage 
240 rms 

50Hz

Microphone Loadspeaker

+

-

Load Model

 The basic power supply consists of a transformer, rectifier, filter, and a 

regulator. 

 Transformer: Used to increase or decrease the amplitude of the line 

voltage

𝑽𝟐 𝒕 =
𝟏

𝒏
𝑽𝟏(t)

𝑖2 𝑡 = 𝑛 𝑖1 𝑡

Dc Power Supply

DC Power 
Supply

+

-

+

-

n:1

N1 N2

n  = 
𝑵𝟏

𝑵𝟐
𝑽𝟐(𝒕)

𝑽𝟏(𝒕)
=     

𝑵𝟐

𝑵𝟏

. .
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Dc Power Supply

• Rectifier: used to convert the ac voltage (zero- average value) into 

either positive and negative pulsating dc. 

𝑽𝒐,𝒂𝒗 =
𝟏

𝑻
 

𝟎

𝑻

𝑽𝒐 𝒕 𝒅𝒕

𝑽𝒊,𝒂𝒗 =
𝟏

𝑻
 𝟎
𝑻
𝑽𝒊 𝒕 𝒅𝒕 =  0

𝑽𝒐,𝒂𝒗 =
𝑽𝒎
𝝅

𝑽𝒐,𝒂𝒗 =
𝟐𝑽𝒎
𝝅

Dc Power Supply
• Rectifier: used to convert the ac voltage 

(zero- average value) into either positive 

and negative pulsating dc. 

• 1) Half- Wave Rectifier 

• 𝑽𝒊 𝒕 =
𝑽𝒔 𝒕

𝒏

• A) when 𝑽𝒊 𝒕 > 𝟎 , Diode is on (short circuit) 

∴ 𝑽𝒐 𝒕 = 𝑽𝒊 𝒕

∴ 𝑽𝑫 𝒕 = 𝟎

𝑉𝑠(𝑡) 
ideal +

-

𝑅𝐿  𝑉𝑜(𝑡) 

n:1

𝑉𝑖(𝑡) 
ideal +

-

𝑅𝐿  𝑉𝑜(𝑡) 
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B) when 𝑽𝒊 𝒕 < 𝟎 , Diode is off (open circuit)

𝑉𝑖(𝑡) 
ideal +

-

𝑅𝐿  𝑉𝑜(𝑡) 

+

-

+ -VD(t)

∴ 𝑽𝒐 𝒕 = 𝟎
∴ 𝑽𝑫 𝒕 = 𝑽𝒊 𝒕

𝑉𝑚

𝑉𝑖(𝑡) 
ideal +

-

𝑅𝐿  𝑉𝑜(𝑡) 
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• 𝑽𝒐,𝒂𝒗 =
𝟏

𝑻
 
𝟎

𝑻
𝑽𝒐 𝒕 𝒅𝒕

=
𝑽𝒎

𝟐𝝅
 
𝟎

𝝅
𝐬𝐢𝐧 𝜽 𝒅 𝜽

• 𝑽𝒐,𝒂𝒗 =
𝑽𝒎

𝝅

• 𝐓 = 𝑻𝒐

• 𝒇 = 𝒇𝒐

• 𝒊𝑫 𝒕 ,𝒂𝒗 =
𝑽𝒎

𝝅𝑹𝑳

2π π 
T

To

Important Electrical Ratings 

• 𝐼𝐹𝑀 =Maximum Forward Current

• 𝐼𝐹𝑀 =Maximum average current that can safely be 

sustained by the diode when it is forward biased

• 𝑉𝑅𝑀 = Maximum Reverse Voltage

• 𝑉𝑅𝑀 =Maximum voltage that can be applied to the diode 

in the Reverse bias polarity before voltage break down 

occur 

• PIV ≡ Peak Inverse Voltage 

• PIV = 𝑉𝑅𝑀 .
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• ∴ For the have-wave rectifier 

𝑽𝒐,𝒂𝒗 =
𝑽𝒎

𝝅

𝑰𝑭𝑴 =
𝑽𝒎

𝝅𝑹𝑳

PIV = −𝑽𝒎 Prove ????

𝑽𝑫 𝒕 = 𝑽𝒊 𝒕 < 𝟎

𝑽𝑫 𝒕 ,𝒎𝒂𝒙 = −𝑽𝒎

+

-

+ -VD(t)

When 𝑽𝒊 𝒕 < 𝟎 , Diode is off 

To calculate PIV

Full-Wave Rectifier 

 A) Center-tapped transformer full-wave Rectifier

 𝑉𝐴(𝑡) , 𝑉𝐵(t) have the same 

amplitude but 180° out of phase
𝑽𝑨 𝒕 = 

𝟏

𝒏
𝑽𝒔 𝒕

𝑽𝑩 𝒕 = -
𝟏

𝒏
𝑽𝒔 𝒕

𝑽𝑨 𝒕 = − 𝑽𝑩 𝒕

𝑫𝟏 and 𝑫𝟐 are ideal 
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Simplified Circuit

• 𝑽𝒐 𝒕 = 𝑽𝑨 𝒕

DC

D1

D2

DC

+

-

 1) when 𝑽𝒔 𝒕 > 𝟎

𝑽𝑨 𝒕 > 𝟎 ,   𝑫𝟏is on

𝑽𝑩 𝒕 < 𝟎 ,   𝑫𝟐is off

DC

D1

DC

+

-
+     -

𝑫𝟏 and 𝑫𝟐 are ideal 

• 2) when 𝑽𝒔 𝒕 < 𝟎

𝑽𝑨 < 𝟎 ; 𝑫𝟏 is off

𝑽𝑩 > 𝟎 ; 𝑫𝟐 is on

 ∴ 𝑽𝒐 𝒕 = 𝑽𝑩(𝒕) > 𝟎

DC

DC

+

-

+     -

D2

For a complete cycle of 𝑽𝒔 𝒕
2π π 

T
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To calculate PIV for D2

DC

D1

DC

+

-
+     -

𝑽𝑨 𝒕 > 𝟎 ,   𝑫𝟏is on

𝑽𝑩 𝒕 < 𝟎 ,   𝑫𝟐is off

𝑽𝑫𝟐 𝒕 = 𝑽𝑩 𝒕 − 𝑽𝑨 𝒕
𝑽𝑫𝟐 𝒕 ,𝒎𝒂𝒙 = −𝑽𝒎 − 𝑽𝒎
𝑽𝑫𝟐 𝒕 ,𝒎𝒂𝒙 = −𝟐𝑽𝒎
∴ PIV = −𝟐𝑽𝒎

• 𝑽𝒐,𝒂𝒗 =
𝟐𝑽𝒎

𝝅

• PIV = −𝟐𝑽𝒎

• 𝐓 =
𝟏

𝟐
𝑻𝒐

• 𝒇 = 𝟐 𝒇𝒐

2π π 
T

Diodes currents
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If the diodes have Vk

b) Bridge full-wave rectifier 

• Simplified circuit

D1

D3D4

D2

Vo(t)
+ -

Vi(t)

+

-

𝑽𝒊 𝒕 =
𝑽𝒔 𝒕

𝒏
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b) Bridge full-wave rectifier 

D1

D3

Vo(t)
+ -

Vi(t)

1) when 𝑽𝒔 𝒕 > 𝟎

∴ 𝑽𝒊 𝒕 > 𝟎

∴ 𝑫𝟏 and 𝑫𝟑 are on 

∴ 𝑫𝟐 and 𝑫𝟒 are off

𝑽𝒐 𝒕 = 𝑽𝒊 𝒕

D1

D3D4

D2

Vo(t)
+ -

Vi(t)

+

+

-

-
𝑽𝒊 𝒕 =

𝑽𝒔 𝒕

𝒏

• 2) when 𝑽𝒔 𝒕 < 𝟎

∴ 𝑽𝒊 𝒕 < 𝟎

∴ 𝑫𝟏 and 𝑫𝟑 are off

∴ 𝑫𝟐 and 𝑫𝟒 are on

2π π 
T

D4

D2

Vo(t)
+ -

Vi(t)

VD3(t)

+

-

D1

D3D4

D2

Vo(t)
+ -

Vi(t)

+

+

-

-

∴ 𝑽𝒐 𝒕 = −𝑽𝒊 𝒕

∴ For the complete cycle of 𝑽𝒊 𝒕
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• ∴ For Bridge full-wave rectifier 

• 𝑽𝒐,𝒂𝒗 =
𝟏

𝑻
 
𝟎

𝑻
𝑽𝒐 𝒕 𝒅𝒕

𝑽𝒐,𝒂𝒗 =
𝟐𝑽𝒎

𝝅

• 𝑻 =
𝟏

𝟐
𝑻𝒐

• 𝒇 = 𝟐𝒇𝒐

• To calculate the PIV of the D3 

• 𝑽𝒊 𝒕 < 𝟎

𝑽𝑫𝟑 𝒕 = 𝑽𝒊 𝒕

∴ 𝑽𝑫𝟑(𝒕),𝒎𝒂𝒙 = −𝑽𝒎 ∴ PIV = −𝑽𝒎

2π π 
T

D4

D2

Vo(t)
+ -

Vi(t)

VD3(t)

+

-

+

-

If the diodes have Vk

2π π 
T

If the 

Diodes

are ideal
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FilterRectifier

• Filter: used to smooth out the pulsating 

dc produced by the rectifier by removing 

its ac ripple contents and passing its dc 

component ( average value)

DC

ideal

+

-

n:1

C

Transformer

ENEE236  – Analog Electronics

3) Filter

• One of dc power supply components

• Used to smooth out (remove) the 

pulsating DC produced by the rectifiers 

and to pass only the DC component 

(average value; mean value)
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Simplified Circuit

• A) when 𝑉𝑖 𝑡 > 𝑉𝑐 𝑡 ; 

Diode is on and 𝑉𝑜 𝑡
= 𝑉𝑐 𝑡 = 𝑉𝑖 𝑡

• B) when 𝑉𝑖 𝑡 < 𝑉𝑐 𝑡 ; 

Diode is off and the 

capacitor starts discharging

DC

ideal

+

-

𝑅𝐿  𝑉𝑜(𝑡) 
CVc(t)Vi(t)

Diode is off Diode is on

t1 t2

• Ripple factor is an indicator for the 

effectiveness of the filter

𝑟 =
𝑅𝑀𝑆(𝑟𝑖𝑝𝑝𝑙𝑒 𝑜𝑓 𝑜𝑢𝑡𝑝𝑢𝑡 𝑣𝑜𝑙𝑡𝑎𝑔𝑒 )

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑜𝑢𝑡𝑝𝑢𝑡 𝑠𝑖𝑔𝑛𝑎𝑙
× 100%

• The output signal can be approximated as 

shown 

Ripple 
voltage

+
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T

10

8

Example
Find average output voltage?

V 9)
2

2T
(8T

T

1
        

(Area)
T

1
         

(t)dtV
T

1
VV

T

0

OAVGO,DCO,





 

2V                    

10Vm here         w

V
2

1
VV

ppLr,

ppLr,mDCO,











OR

        V 9.2
2

1
01V DCO, 

• Also for a triangular signal, 

         

100%

V
2

1
V

32

V

%r     

ppLr,m

ppLr,









3232

Valuepeak  Peak  to
Value  RMS

OR 

3

ValuePeak  
Value  RMS

, ppLrV 




         

V   ripplepeak  peak to  thefind

  toneed factor we ripple  theDetermine To

ppLr, 


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Ripple Factor 

t1 t2
RC

)t-(t-

 )(V

ttFor   t

1

L

12

emVt 



RC

)-(-

e

12

mp-pLr,

2L1Lp-pLr,

tt

 VV

)(tV)(tVV

m
V



















 RC

)t-(t-

e1VV

12

mp-pLr,

x1e x-  using 

ENEE236  – Analog Electronics

ppLr,m,

12
mp-pLr,

12

mp-pLr,

V
2

1
V

RC

)t-(t
VVRC

)t-(t-

e1VV































dcLV

x1e x-  using 
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ENEE236  – Analog Electronics

 

 
RCf32

V
V

32

V
V

RC2f

1
1VV

RCf

1
V

RC

T
VV

f

1
Tt-t

Rectifier  WaveHalfFor  a)

O

m

RMSrL,

p-pLr,

RMSrL,

O

mdcL,

O

m
O

mp-pLr,

O

O12








































 

         

100%
V

V
%r     

dcL,

RMSrL,


 
         

100%
1-RC2f3

1
%r     

O



ENEE236  – Analog Electronics

 

 
RCf34

V
V

32

V
V

RC4f

1
1VV

RC2f

1
V

2RC

T
VV

2f

1
T

2

1
t-t

Rectifier  WaveFullFor  b)

O

m

RMSrL,

p-pLr,

RMSrL,

O

mdcL,

O

m
O

mp-pLr,

O

O12








































 
         

100%
1-RC4f3

1
%r     

O


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Example

• 𝑉𝐿,𝑑𝑐 = 𝑉𝑚 −
1

2

𝑉𝑚

2𝑓𝑜𝑅𝐿𝑐
= 41.54 𝑣

𝑉𝐿𝑟,𝑝−𝑝 =
𝑉𝑚

2𝑓𝑜𝑅𝐿𝑐
= 1.7677𝑣

• RMS (ripple voltage) =
𝑉𝐿𝑟,𝑝−𝑝

2√3
= 0.51𝑣 𝑟𝑚𝑠

∴ 𝑟 =
0.51

41.54
× 100%

𝑟 = 1.2277 %

Find the ripple factor r%

 Input=30V RMS

F=60 Hz
30 v Rms

60 Hz

200   

C=1000µF
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