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require a stable source of dc voltage
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The basic power supply consists of a transformer, rectifier, filter, and a

4

regulator.
Transformer: Used to increase or decrease the amplitude of the line
voltage ni1

W O]

1 + +
VZ (t) = ; Vl(t) v N1 N2 wo
ir(t) =niy(t)

N1
V2(t) _ N2 n =Nz
vie) 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. T
Lty  , _Va
o,av — T h)

Vo m Vo (t)

2

) n . t
T V;‘H

1
Vo,m, = 7 fVo(t)dt

Vi Voav =

| v

1 T
Viaw = T fo Vi(®)dt= 0

Dc Power Supply
* Rectifier: used to convert the ac voltage
(zero- average value) into either positive
and negative pulsating dc.
+ 1) Half- Wave Rectifier & =
s Ri] Vo (1)
Vs(t) .
° Vl(t) = n_ T
Vi(t) RV
M A) when V;(t) > 0, Diode is on (short circuit) b i(t)
#Vo(®) = Vi(t)
~Vp) =0
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B) when V;(t) < 0, Diode is off (open circuit)
>
ideal +
V:(t
© A
VD(t)
~~~~~~~~~ +
v () R, %®
Vo(t) =0
2 Vp(®) = Vi)
>
ideal +
Vi(t)

R, V, (1)

Vi )

N ohn

|

v, (£)
ha
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1 T
® Vo,av =7 fo Vo(t)dt

_ V(7 20
= 2 [,sin6do
Vs (N
¢ Vour="2 /A
« T=T, 20 S
® f: fO Vrn
N
. Vm b1 21 t
* IpHav = n'_RL '

ip(t)
]L\ (A .

Important Electrical Ratings

e Ipy = Maximum Forward Current

e Ipy = Maximum average current that can safely be
sustained by the diode when it is forward biased

e Vrm = Maximum Reverse Voltage

e Vrm = Maximum voltage that can be applied to the diode
in the Reverse bias polarity before voltage break down
occur 0

+ PIV = Peak Inverse Voltage

« PIV= VRM Vim

/ Vi ()
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e . For the have-wave rectifier

Vin
Vo,av = -
Vin
Ipy = 7R,

PIV =-V,, Prove ????

To calculate PIV
When V;(t) < 0, Diode is off

VD(t),max ==V

Full-Wave Rectifier

A) Center-tapped transformer full-wave Rectifier
) PP Va(®) = — Vp(®

V4(t) , V(t) have the same 1
amplitude but 180° out of phase Val) == Vs (t)
1
vp(t) =- — V,(t)

4 M
Vi(0) =Y A8y
Vm [\ n:1 : bl
U | V (t@ | |
‘IGDO° ¢
V() B % I
V., [\ | D2 )
U + D, and D, are ideal
'Vm
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Simplified Circuit

Va(®) (N
v 1
} \ Cl)mr) D1
D, and D, are ideal
1) when V(t) >0 355@1 . V+(t)
V,(t) >0, Dyison —_ g ’
. 1
Vg(t) <0, D,is off D2
. Vo(t) =Va(t) -
=1
o uo Pt
Vo ©
t ﬁ
| & i
(o RS ()
Vp2(1)
. .
Vi(t)
2) when V4(t) < 0 " .o
t
VA <0; D]_ is off Vo1 ()
Vg >0;D,ison
V() =Vg(t) >0 — "
V,(t) RS Wt

| N

Y el
A 02
|

For a complete cycle of V(&)

m
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To calculate PIV for D2

NI
1
ve Pl
Vo () =Vg(t) — V() O
Vb2 (t),max ==V =V |
V2 () max = —2Vim ... -
oo PIV - _zvm b Vpz (£ ' ?(t)

V4(t) >0, Dqison
Vp(t) <0, D,is off

2V V()
° Vo,av = T U( )‘
— V
.« PIV=-2V, n
1 T 2n t >
.« T=T, .

f=2f, *;

BN
B

Diodes current.s|

Vm
R,

=i J
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H o+ |Ifthe diodes have Vk
w | 03

b) Bridge full-wave rectifier
« Simplified circuit
Vs(®)
Vi t) =
® n @ vi(t)
Instructo%sﬂ%%ﬁpm Uploaded By anonymousg
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b) Bridge full-wave rectifier

V(1)
n

Vi(t) =

1) when Vg(t) >0
~Vi(t)>0
~ D4 and D3 are on
~ D, and D4 are off

Vo) =Vi(D)

@ vio

D1 D2
+

« 2)when V() <0
Vi) <0
~ D4 and D3 are off
~ D, and D4 are on
& V() =—=V(t)

=~ For the complete cycle of V;(t)

0
A © A L

C_@ o
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e .~ For Bridge full-wave rectifier
e Voar = % foT Vo(t)dt K q@\’\h@ e
Voav = % Vn { !
¢« T= %T,, PENCINEE o
s f=2f, }
+ To calculate the PIV of the D3 f\)v«? VWV J.
e Vi) <0 o |
Vp3(®) =V; (D)
& Vp3(®) max = Vi =PIV = =V,

T I z Diogies
are ideal

v A

If the diodes have Vk

(b)
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* 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)

V(¢
0" Tzé no

ENEE236 — Analog Electronics

3) Filter

—-O0— —O—

Filter
—0O0— O

IS~~~

oy, —

t t

» 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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* A)when V;(t) > V.(t) ;
Diode is on and V, (t)
=V.(t) = V()

* B) when V;(t) < V.(t) ;
Diode is off and the
capacitor starts discharging

Simplified Circuit

C) Vi(t) Ve(t) ——cC §RL V(0

N
1

ideal

Djode is off/ Diode is on

: :
t1 L t2 [l -

Vi(6)

* Ripple factor is an indicator for the
effectiveness of the filter

RMS(ripple of output voltage)

shown

Ripple
voltage

o Average value of the output signal

» The output signal can be approximated as

X 100%
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17} _y 1
Vooc = Voavs = ?_([Vo (Hdt OR Vopc = Vn 2 Viipp
1 where Vm =10
== (Area) Vipp =2
1 2T
== (8T+<)=9V
—@T+5) .

Vooe =10-7.2=9V

« Also for a triangular signal,

RMS Value = Peak Value
V3

OR

\Y
RMS Value = Peak topeak Value Vi,

243 2.3

V,

Lr,p—p

r%:21¢100%
V. o—tv

m Lr,p—
2 p-p

= To Determine the ripple factor we need to
find the peak to peak ripple V,

r,p—p
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Ripple Factqr
For t,>t>t v,
2 ! Vm 275 /
-(t-t) / Y
Vi (t) =V, e e t1 E 5 2 -
v t
VLr.p-p = VL (tl) — VL (tz) e N
— i
SN Y e L
Lr,p-p = Vm _Vm € RC . ,r’{/— - \l /;9 A'e\\\ //
B (tz - tl) | (..Z,I"'r'\"h"l‘j'f \\'\ ,/‘”‘J \\'\ //
Virpp =Vn|1-e RC \/ \/
using "X =1-X

ENEE236 — Analog Electronics

using "X =1—-X

'az'H)
Vip,=Vall-e RC 1=v, =V ((tZR—Ctl)j

1
VL,dc = Vm _EVLr,p—p
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a) For Half Wave Rectifier (VL )
1 r % = ——""S 100%

t,-t,=2To=— L.de
o

VLr,p-p = m(Lj = Vm {LJ 1
RC fbRC) . r%h=—————100%

. J3[2f,RC-1]
Viw =V [1_ 2f ch
(0]
V..
(VL,r)RMS = ZL\/%p

VITI
Wik =2 .m0

-

ENEE236 — Analog Electronics

b) For Full Wave Rectifier

11
2 % 2f,

T, 1
— o |=V |——
Yot “‘(RCJ m(zfoRCj

1
Vo=V |1-
Lde m( 4fORCJ

e =

V' RMS 2@

Vm
(VL,r )RMS - m

t,-t, =

r%=—=———-100%

J3[4f,RC-1]
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Example
Find the ripple factor r%
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Input=30V RMS
F=60 Hz
i
D3 200 Q RL
_ 1 Vm _ FIOOOH.F
* Vide =V = 37,0 = 4154V
v = Im_ - 17677
L
« RMS (ripple voltage) = VL;—\}’;” = 0.51v rms
051 0
T 41.54 X 100%
r=12277%
m
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