ENEE2360 7/13/2021
BZU-ECE

15/2]20%!
L‘ 0!‘\"\0

ENEE2360
Analog Electronics

T4:
Diode Applications

Instructor: Nasser Ismail

SUMMER 2020-2021
Instructor :Nasser Ismail 1



ENEE2360
BZU-ECE

7/13/2021

Vi(t)
Dc Power Supply hhor
ac

 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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ENEE236 — Analog Electronics

Designing a power supply

1) Transformer
ip — Np: Ns __1Is

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
e N

5 used fr ac volwies b
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Designing a power supply

2) Rectifier : converts ac +» 'P“"’SM"MD de
\

.
+ —O— /

Diode

rectifier
_ |
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b

AU_? M, ov ADes

t

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

-

> Rectifiers are two types: M o ,\U._U-
a) Half Wave Rectifier —2
b) Full Wave Rectifier of W

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

SUMMER 2020-2021
Instructor :Nasser Ismail



ENEE2360 * ,\\:’ 7/13/2021
BZU-ECE

-'D
- V a —
- ol .
— Uaﬂ'):vl 0.7
o <
s oL = vtz

\ ,4 ) >0 D! e — -
Z) 4 4 <b—a " “

ENEE236 — Analog Electronics

Half Wave Rectifier

1)When Vi(t) >0, | »

Diode is ON \) R

Vo =Vi -

+0

2)When Vi(t) <0, ] .
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 Rectifier

1t
=7 j V_Sin(awt)dt

VAVG

- —Tv Sin(9)dé
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T=T and f =f,
(period and frequency of the rectified waveform
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IS the same as ac input)
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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
the Madiman reyersc
Vo Hage that the

dicde will sex

= 9Ty=—VUm=-56V m thd
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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 A

PIV=-V|| u=0
Ipy =
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The rectification process can be
improved by using a full-wave
rectifier circuit.

Full-wave rectification produces a
greater DC output:

T
g = [ dt

Half-wave: V. =0.318V,
Full-wave: V. =0.636V,,

Full-Wave Rectification .

A h_ /
Vi
- %—\\— Vg = 0.636V,,
%
| 2

0

g"‘
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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 W 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

17
Ve == |V, Sin(wt)dt
AVG -I-_([m (wt)

:ijvmsm(e)de
.0

T

Ve = 2% ~0.636V,

T:T—° 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 L eane
Full-Wave Rectifier spu\lf-_i

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
SUMMER 20202021~ Unn \-\IM \ -2Vm

Instructor :Nasser Ismail




ENEE2360 —1?/3/202) Sec A 7/13/2021
BZU-ECE

de  Pswes qu’f’b ?w\s“_h‘;‘b,'(‘
— Diode Y /NS ot
VR e
— —\ YY) Aol most
¥ nevle app ) tuwhons

1 ,
__J\(’c',‘t\&——:;? c ¢ = vippk

ENEE236 — Analog Electronics

3) Filter

l—o—

Filter
o 7

—o0—
—o0—|
Lo e~ and
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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R ipple factor is an indicator for the
( e_tLe_gweness 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 o1
m SN~
< y
)
Ripple Vi
voltage

\
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VO,DC = VO,AVG = ? .('; Vo (Hdt OR VO,DC Vi, 5 VLr,p_p
il where Vm =10

== (Area) Vi, =2

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

Peak Value 7
J3

RMS Value =

OR
Peak topeak Value Vi ,,

24/3 243
D RMmS + ;(la\(

RMS Value =

V,

Lr,p—p

243

1
Vm _EVLr,p—p )A.'—— Ve lu—C..

* .

r% = 100%

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

S A

Um
i

*

NS
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using "X =1—X

- (tz - tl)
Vi =Vall-e RC 1oy = vm(
1
VL,dc = Vm o EVLr,p—p

(tz 'tl)

RC

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

(Ve s =22

RMS 2«./?
Vi
Werhie =5 erre

r% = MlOO%

L,dc

SUMMER 2020-2021
Instructor :Nasser Ismail

23



ENEE2360 7/13/2021
BZU-ECE

~—

ENEE236 — Analog Electronics

H‘,L/L wa €

_ Um
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' 4f ,RC
Virp-
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= —m /
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Example wau Wﬂ; ‘
e~/
Find the ripple facto rect
Input=30V RMS . - f . .
=60 Hz
D3 —— XZR

|C=1000uF
—~/

051
= 100%%
r=12277%

WV = §2:93 Jo = Yl.SY T
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- 2 . y2u3— 3439 T ¥0-66V
w —-
\ S

\ I 5’}"‘“’[7 5‘;""#

SUMMER 2020-2021
Instructor :Nasser Ismail 25



ENEE2360 7/13/2021
BZU-ECE
? ?
« Calculate VL(avg) and r% if C=400uF ,C.,L(»/v/‘“"_";,
/
Mo NS
4 [25:0) o
: oa P
( D1 R1
¢V 1
> 2
E /U @ | v
li/ :b ‘-’;.‘?deal =
: =155V q*__z_'D I . -I—., fL .
fE§0\|-ELCentertapped ﬂ\-_\ 15 Um
" Transformer D2 on t‘ﬁk_‘z’_ SCLDV\AM;
Uwm N = ¥,
_,___E.m - MmsS
2Ums Ns 2
Ums = Ump- N5 _ joox 1 g2
,\I‘) =3
U——-—-:MS - é_____z_ 2\
2 2
- = 0. é‘/ﬁf
Nirypp = —— p
axloX 1w XYoo r
) LEYTSY
\/L,ouus - Um "]{VWIfF': Bl _?-..(O t ) o
SUMMER 2020-2021 = 30.€6373 V

Instructor :Nasser Ismail

26



ENEE2360 Nivigy 7/13/2021
BZU-ECE 2N 3 10 /.
( / . : _/-
UL—)

e
2 vy IOD/ -

30" (:)-7
— 0. éo? 7

nst

1
st ol
D I
ome Work 5
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
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