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Dc Power Supply

 All electronic circuits and systems
require a stable source of dc voltage
and current ( or dc power) to operate

correctly.
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Block diagram of a dc power supply.
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De5|gn|ng a power supply

1) Transformer =
ip —— Np: Ns__Is

gt .

Usually steps down type to decrease the amplitude of the ac line voltage
v, N, i N
V, N i N

s p s

N

n =—=transformer turns ratio
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Designing a power supply

2) Rectifier : converts ac v 'P“"’S“j""ﬁ de
\

.
+ —O— /

Diode
rectifier

M__+ - y
LNy 0A, o ND—

» Used to convert ac voltage (with zero average value) to
pulsating.dc voltage (non zero average

> Rectifiers are two types: M ov -\U—U‘
a) Half Wave Rectifier —2

b) Full Wave Rectifier of -Kij—

«~ - Bridge Full Wave Rectifier
“” - Center Tapped Transformer Full Wave Rectifier
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Half Wave Rectifier

1)When Vi(t) >0,

Diode is ON \)

Vo =Vi -

+
+
Yy
I
l—'vf/v—
| # +0o

2)When Vi(t) <0, ot ]
Diode is OFF i '
Vo=0 | /-> ”

The diode conducts only when it is forward biased, therefore only
half of the AC cycle passes through the diode to the output.

e, .
Vive = ! V_Sin(at)dt
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Half Wave Redctifier
Vs = le:vain(a)t)dt

— L, sin(o)do
27
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T=T and f =f,
\\hT’O \__—‘ L
(period and frequency of the rectified waveform
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Y. Important Electrical Ratings | afea

e Iry = maximum forward current

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

e Vzy = maximum reverse voltage

* Vzy = maximum voltage that can be applied to the diode in
the reverse bias polarity before voltage break down occur

« PIV = Peak Inverse Voltage o) 4
o PIV = Vgy
-se Vkm)=30 |
) Vp (£)
w hew
'D\o&’-
1§ yeversc
b\f/v\

¢ e —3 w; l‘nsrwf‘ w “‘“‘}‘ (s
maRimanm reverse

Vo Hage that the

dicde will sex

= FTy=—Um=-50V m bthd
S0 \— " TR _y, case
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PIV (For Half Wave Rectifier)

Because the diode is only forward biased for one-half of
the AC cycle, it is also reverse biased for one-half cycle.

It is important that the reverse breakdown voltage rating of the
diode be high enough to withstand the peak, reverse-biasing AC
voltage.

¥ Up =

Vol)=Vi(t) _ :
Vo O e ==V, ) R o S

O

PIV=-V|| u=0
Ipy =
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Full-Wave Rectification .

The rectification process can be ¥
improved by using a full-wave
rectifier circuit.

0 T t
Full-wave rectification produces a 2 \/®!

greater DC output: 21
1

g = ¥ (40 At «
0

n
%—\\— Vg = 0.636V,,
T_‘
| 2

I

Vi

Half-wave: V. =0.318V,, K :
A\
Full-wave: V. =0.636V/,,
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Bridge Full-Wave Rectifier

A full-wave rectifier with four diodes that are connected in a bridge
configuration

1)When Vi(t) >0, H E ) S W\

D2,D3are ON of I
D1, D4 are OFF

\V
= Vo(t) = Vi(t) /

g

2)When Vi(t) <0,
D2, D3are OFF
D1, D4 are ON

— Vo(t) = - Vi(t)
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Bridge Full-Wave Rectifier

15+
V.~ =— |V _Sin(wt)dt
AVG T‘([ m ( )

_1 j V_Sin(6)dé
7[.0

Ve = 2% ~0.636V,

T:T—0 and f =2f,
2

(period and frequency of the rectified waveformis not the same as ac input)
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PIV for each of the 4 diodes

For ideal diode
VDl (t) = _\/i (t)
VDl(t)max ==V,

m

[PIV=-V,) .
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Center Tapped Transformer
Full-Wave Rectifier

g Pcc,\'al case

\szi

Ns=2

Requires two diodes and a
center-tapped transformer

Note: A2 auPesV

if turns ratio is other than 1:2
, make sure to calculate Vm

at the secondary side
correctly

= -
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CT Transformer Full-Wave Rectifier
DWhen Vi(t) >0, | "
D1is ON )
D2is OFF

- Vo(t) = Vi(t)
2)When Vi(t) <0,

D1lis OFF ;{V“u; ‘
D2is ON TN

0000000
Lz
\
*

O

= Vo(t) = - Vi(t)

Vo = 2% ~0.636V,

T=TE° and f =2f,

| Walf wae \ &vidse Cewkesr +eppd -

D\;J,,s\ L \@ \ @&

aug-u,HL 0:NEVa ‘ 0~636V-\.\ O'w ) # L6
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3) Filter

l—o—

Filter

o - ?
o, ~ I

« One of dc power supply cor;v%nents
« 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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Diode is on and V, (t)
= V() = Vi(0)

« B) when V;(¢) < V;(t) ;
Diode is off and the

t_ +
>\_/-O Vit V)”i‘C §RL v, (t)

2 —Ur
Volws) =

T
Simplified Circuit vt
\=Va Ve=Vyg /\_/-\____
« A)when V(®) > V() ; 2V T B

¥ D
V\"ﬁfp"bwg—s
] Diode is off y Diode is on
Vn *1 / / =4 Ve(h
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R ipple factor is an indicator for the
( e_tLe_QQ/eness of the filter_
. @ripple of output voltage) 0
v_/j Average value of the output signal X 100%

« The output signal can be approximated as

shown . )
m S~~~

a,a ruﬁo\e. — RMS

/

Ripple
voltage

\
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v <
V =V_- 1 V,
Vope = Voave = IV (t)dt OR opC = M, o "Lrp-p
1 where Vm =10
== (Area) Viipp =2

_Lter+ihoov .
U 2 Vope =10-2.2=0V
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 Also for a triangular signal,

Peak Value 7
J3

RMS Value =

OR
Peak topeak Value Vi ,,

243 243

RMS Value =

V,

Lr:p_p

243

1
Vm _EVLr,p—p )A'—— Ve lu—t..

* .

r% = 100%

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

N

,p—p

D RMmS + ;(la\(
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i
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1

(- t1 (st @
(}/(t) -v_e RC |

Viwo =Y (W)=Y ()
-, -t)

Lr,p-p m
Vi =V, 1-€ %
-~

&ing e X Elﬂ
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using € X =1-X

- (tz 3 tl)

_v [1-¢ RC :Vup_p:vm((tz-tl)j
' RC

V,

Lrp-p

1
VL,dc = Vm _EV

Lrvp_p
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a) For Half Wave Rectifier
1
t,-t, =T, =—
2 1 (¢} fo

e s =222

RMS 2«./?
Vi
Wk =5 e

r% = MlOO%

L,dc

?’ —Izﬂgé.com
Instructor :Nasser [smalil

Uploaded By: anonymous,



ENEE2360 7/13/2021
BZU-ECE

~—

ENEE236 — Analog Electronics

H‘,L/L wa €
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_&RC _Z_fORC
Vige =Va|1- = T
' 4f ,RC
Virp-
(VLJ)RMS = 2_\/p§p

V
= —m /
- 4J3f ,RC Y .

= 100%
J3[4f,RC-1] DN
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Y/ = ) EmsS nipple s/
d(, Uulu& UIM
) =
NvLr,pP ‘ LY pP= 2-fo lzC,

\ll-r,ﬁms = —_——

z V—; Ul;\,f;\lm :%O.\rz

Example s;wu Wﬂ; ‘
e~/
Find the ripple facto rect
Input=30V RMS . - f . .
=60 Hz
D3 —— XZR

|C=1000uF
—

0.51
ST = mxlOO%l?
r=1.2277 %
J:—J s de = Y1.S¥ U

1.3 _—5 B o
/\’/ . 29317637 = yo-€6 v~
MWA -
\ S

\ i 5,}-44«4/7 j—/—ddL‘
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" Transformer D2 on tLth SCLDV\AM;
Ump . Ve Ums
Ums = Unmp- N5 _ joox 12N g2
,\I‘) 2%
Ums _ 4Lz -7
— = — 3\V
- 231 . = = 0. é‘/ﬁf
Nivypp = 2 ;
axéoX I\*—XYD"_“( )
17391
= Um =L WVov = 31-=3\°
\JL,AAIS W$re = v
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NOTE THAT EACH STUDENT WILL FFERENT DESIGN TARGET

« Design a rectifier with filter to provide an a load
(RL=0X5 kohm) with an average voltage equal

to @@ Vdowith a ripple factor =4:898) Vin is
sinusoidal with @ —5Q H>

» Perform the design three times using :

X

1. Half Wave rectifier Tt
K - ifi / @ —-@
< r~1") 2. Bridge Full wave rectifier o oo
X 3. Center tapped full wave rectifier

S\i_r’nu_lat/eyour designed circuits ésiné Pspice ;

Np: Ns .
/ f K- Cuuflwts
vp b % K=1
N
v Lf
=5 =V s

\/s N
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