Electrical Science: 2021-22
Tutorial’10

Diode Circuits

By Dr. Sanjay Vidhyadharan
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Example 1

A crystal diode having internal resistance r.= 20Q is used for half-wave rectification. If the
applied voltage v = 50 sin o t and load resistance R, = 800 Q. Find: (i) Im, Idc, Irms (ii) a.c.
power input and d.c. power output (iii) d.c. output voltage (iv) efficiency of rectification.

(i) Vo 50

I = - = 0.061 A(=)61 mA
rr+ R, 20+ 800

I, =I/n =61/t =19.4mA

Ims = Im-"l = 61/2 = 30.5 mA
(i) d.c. power output = I?fﬂ}iRL N [%] »x 800 = 0.301 watt
3057
q.0. pﬂﬁfyer :i.'l.lpllT — (Iﬂm}z}{(rf+ﬂf.} = (m] oy [:2-{]“" 8{]{:'} = {]+763 “'ﬂtf

(iii) d.c. output voltage = I, R; = 19.4mA % 800 Q2 = 15.52 volts

0.301

= 39.59,
g3 X 100 = 39.5%

(V) Efficiency of rectification =
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Example 2

A full-wave rectifier uses two diodes, the internal resistance of each diode may be assumed
constant at 20 Q. The transformer r.m.s. secondary voltage from centre tap to each end of
secondary is 50 V and load resistance is 980 Q. Find : (i) the mean load current (ii) the r.m.s.
value of load current.

re = 2082, R =9380%

Max. a.c. voltage. V,, = 50 %2 =707V

V 70.7.V
Max. load current. I = m__ = =70.7 mA
re + R}: 20 + 980) &

21 2x70.7
Mean load current, I, = T = ——— = 45mA D,

il IU

R.M.S. value of load current 1s

= m _ 07" =50mA
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Example 3

In the centre-tap circuit shown in Fig. 2, the diodes are assumed to be ideal i.e. having zero
internal resistance. Find :(i) d.c. output current (ii) peak inverse voltage (iii) rectification
efficiency.

2V 2x32.5
IDEAL Average current, |, = T = = 0.207 A
> i g J “7 mR, mx100
oI PIV =65V
230V % * |
T v l %10051 N,
L J ¢ v, = =—C- L £ .+.
IDEAL = = & N*nl maxRL/ L Pmax (R + Rp
R.M.S. primary voltage =230V _ 8 1 - 0.812
. R.M.S. secondary voltage m+mw (1+2RF/RL)  (1+2RF/RL)
Maximum voltage across seeondary Rectification efficiency] = rr
= 462 =65V R,
Maximum voltage across half Since Ve = 0
S dary winding 1s . . ..
Seeondaty windma = Rectification efficiency = 81.2 %

V,=052 = 3235V
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Example 4

Fig. (i) & Fig. (i) show the centre-tap and bridge type circuits having the same load resistance and
transformer turn ratio. The primary of each is connected to 230V, 50 Hz.supply. (i) Find the d.c. voltage in
each case. (ii) PIV for each case for the same d.c. output. Assume the diodes to be ideal.
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Example 4

230

g 5:
DC output voltage : §

Centre-tap circuit : !

(1) (if)
R.M.S. secondary voltage = 230x1/5 = 46V

Max. voltage across secondary = 46 x/2/ =65V
Max. voltage appearing across half secondaryswinding 1s

V = 6512°= 325V

M ;

2V
Av ent, [, ="
verage current, [, iR, |
2V
D.C. output voltage.V.» = I, XR, = o X R,
' & c - ' T RL
,J
= 2V _ 2X325 _ 59y
Bridge circuit : T T
Max. voltage across secondary. V,, = 65V
2V 2V 2 % 65 :
D.C.output voltage. V; . = I, R, = — xR, = —& = X035 41.4 %
T R; it T 5
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Example 5

(i1) PIV for each case for the same d.c. output. Assume the diodes to be ideal.

5:1 10 : 1

i Ee
230V W- 230V v,
T A S

() (it)

Centre_tap circuit : R.M.S.secondary voltage = 230x 1/5 = 46V

Max. voltage across secondary = 46 x 2 =65V
Mazx. voltageaeross half secondary winding 1s
V. = 652 =325V

m

PIV = 21V = 2x315=065V

Bridge circuit : )
R.M.S. secondary voltage = 230 x 1/10 = 23V

Max. voltage across secondary. ¥V, = 23 xV2 =325V
PIV =V, = 3235V

ELECTRICAL ELECTRONICS COMMUNICATION INSTRUMENTATION


https://electronicspost.com/wp-content/uploads/2019/07/58.png
https://electronicspost.com/wp-content/uploads/2019/07/59.png
https://electronicspost.com/wp-content/uploads/2019/07/60.png

Example 6

4
’
(o}

' + (C=100uF

Ly, 8
—_— ~ —— +
Vs = (15V)sin ( = t) V, Q s gv.) R = 5000 Q

T =16.67 ms \

g O

Find the average value of v, and the ripple voltage. Repeat for R =
1000 €2 and 200 Q.
T

Vripple = [Vp — 0.7V] [1 — exp (—R—C)]

= [15V — 0.7V] [1 — exp (—

16.67ms )
(5000€2) (100uF)

=047V

Vrinv 47V
i F ey TR OT — 141V

V, (avg) = Vip{max) —

R =1kQ R =200Q Drawing more current causes

the ripple to increase and Vpc
Viigple =2.19'V Vigpre =809V 4, droop. Can fight this with

V, (avg) =132V V., (avg) = 10.2 V more capacitance. 8
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Example 7

| | o & O
Ve = (25V) sin [ 27 C ;
s = (25V) sin Tt V, Cﬁ) A 1253 § g ' (R=1000 Q
T = 16.67 ms iEmas )

Find the capacitance so that the ripple will be no bigger than 1 V.
What is the DC voltage?

T
Voipoie = Vo — 07V {1 i (__>]

RC
T V il )]_1 16.67ms 1V 5
C=—=|In(1- 4 Sias 1———— || =397 uF
R ["( Vr0.7V 1000Q {l“ ( 24.3V)] :
vrit e 1
V, (avg) = V, (iax) — 2”” =243V — 7\/ = 23.8V

What capacitance is needed to limit the ripple to 0.1 V?

C =4000 uF !
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Example 8

The four diodes used in a bridge rectifier circuit have forward resistances which may be
considered constant at 1Q and infinite reverse resistance. The alternating supply voltage is 240
V r.m.s. and load resistance is 480 Q. Calculate (i) mean load current and (ii) power dissipated
in each diode.

Load

Max. a.c. voltage, V= 240'% 2 V

(f) At any instant in the bridge rectifier. two diodes in series are conducting. Therefore. total
circuit resistance =2 rp+ Ry

v 240 x 2
_. : _ m_ = 0.7
Max. load curcent. ] 5 ot R, ~ 2x1+ 480 0.7TA
21 2x0.7
Mean load current, I, = —— = = 045 A
I I
(if) Since each diode conducts only half a cycle. diode r.m.s. current 1s :
L. =1/2=072=035A
Power dissipated in each diode = }Em S ({}.35}2 x1 = 0123 W 10
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Example 9
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| ; ‘1 H | Vﬂ Time(t) —»
Vi |f e\ V; 0
Hr ‘\ ;r ) \ /
Vo 7 CTime(t) v
¥ I S 0 N -
'I.II ) “ v
‘\_" Input * Input
(a) Positive biased (b) Negative biased
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Example 10
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Example 11
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=2V

' O

+ I y
C » v, —
+ 1=R A 0 T
V= S 2V
E'ﬁ' =T o _l

-V T ;
2V
j
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Thank you
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