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ENEE236
Analog Electronics

T3:
Diode Applications

Diode large — signal application

Diode clipper circuit

ViK1 .
ime varying

a) assume the diode is on signal

%RL AG)

replace it with short circuit
ip(t) >0

. v -~ T .
ip(t) = §> 0 %) i ()

N +
\“: RL V:)(t) = Vi(t)

~ when V;(t) > 0, the diode
isonand V,(t) = V;(t)
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~ when V;(t) <0, the diode is offand V,(t) =0
Vo(t) =0
__________ § .
ip(t) R, V() =0
\]'\\0 el
\4
W U®
| o\
= the clipper circuit used to eliminatortion of the
input signal .
Example
a) assume that the diode is on +I|' P
=>» replace it with short circuit  V;(t) R, V.(6)
L Yo
ip >0 -
Vi(t)
, V;(t) — 10 [
lD(t) = lR—L >0
e —HPB.Com Uploaded By: Malak Obaiol2
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Vi(t) — 10 -
() = 2O =10 )
RL | ------- +
Vi(®) i (t)\‘
p(®) ™ ZR, V(¢
2 Vi) —10 >0 ofuh®

~when V;(t) > 10V, the diode ison and V,(t) =V; — 10

and also we can prove that when V;(t) < 10V, the diode is off

~ Vo) =0
Vi(®)
M [
= N
e R, V,(t)
20
U U :
t
Fi ) . -
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Second Method

assume that the diode is off ,replace it with open circuit
. .
Vp(t) <0 |1 +v, -
Vi(t)
noO=-10+v, ) Ry, V, (t)

Vi(t) <10 V

~when V;(t) <10V, the diode is offand V,(t) =0

ENEE236 — Analog Electronics

Limiters (=Clipping circuits) (1)

Example: Calculate and sketch Vo(t) using simplified diode model

1) Assume diode is ON so we replace it by 0.7

Vand io(t) mustbe >0 5V 0.7V —i, (t).R - Vi(t)=0
AAAY . i, (t).R = 4.3V - Vi(t)

@ ) \=— - i 4.3V -Vi(t)
" Vil Y ip(H)=—7—>0
=10 sin ot — i/ R

Ri ) : :
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Limiters (=Clipping circuits) (2)

2) Otherwise, When Vi(t) is > 4.3 V, Diode will be
off and it is replaced by open circuit

+

@ i) Vo(t)=Vi(t)

Vi(t) 5V
=10 sin ot ——

T

= Vi(t) < 4.3V
N Io(t) _JLLW volt-
Qo y sl ) <2 4.5 e B O @
Tosinot :I_i/ Vo(t)=4.3V

Vo(t) = Vi(t)

ENEE236 — Analog Electronics

Limiters (=Clipping circuits) (3)

when Vi(t) < 4.3V ,diodeis ON & Vo(t) =4.3V
when Vi(t) > 4.3V ,diodeis off & Vo(t) = Vi(t)

ur A

Vo(t)

\ /\“VT
Ty

W=7

/
/

(=}
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Circuit Containing Two diodes

Example: Calculate and sketch Vo(t) using ideal diode model

& w“ /\ /\
e WOR

Since the circuit contains two diodes, each of them
can be either On or Off,

=>» then there is 4 possible combinations for the
states of D1 and D2

ENEE236 — Analog Electronics

1) Assume D1 is ON and M\ .
D2 is OFF i o -
ip1(t) > 0 ot o)
® @ loa(t) Vol(t)=5V
i, (f)= Vl(t) 3.0 220 8mot g 5V
N .

when Vi(t)>5V , Vo(t) =5V

Faf ERPS-HUB.com Uploaded By: Malak Obaici3
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2) Assume D2 is ON and D1 is OFF
i2(t) > 0 A
p2(t) D1 D2
Vol(t)=-5V
=2(;/l(itn)mt SV 5V
. -Vi(t)-5 I I
I, (1) = L >0
R
when Vi(t)<-5V , Vo(t)=-5V
ENEE236 — Analog Electronics
3) Assume D1 & D2 are ON
NV :
Vo=+5V ?? P
Vo=-5V 7?7 ' I D1 D2
o mposatle
This is invalid configuration i) . . Combinato
and &@p_gs\s_ipjgto occur “20sinot T T
e m Uploaded By: Malak Obaid7
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4) Assume D1 & D2 are
both OFF

Q

Vo(t) = Vi(t)

M\

=20 sin ot

b1 D2
Vo(t)=Vi(t)
vit 5V sV

+

input voltage waveform:
-5V< Vi(t) <5V

U A

s
o A /Q\

This occures for the remaining part of the

ARVAR~Y

Limiter For protection

O
—U

R
REE
8

Electronic
system

What happens if input is as
shown below?

Vi(

l
+2V h Q
-2v t

F SIS E RS- HUB.com
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Summary of Clipper Circuits

Simple Series Clippers (Ideal Diodes)

POSITIVE

‘§
|

<-
| = +
=
s+

Biased Series Clippers (Ideal Diodes)
Vi Vo
Vn + + I‘ —I 1 +
% 2
i RS % ,SLV 5
~Vm Kﬁ_:
= ~(%+V)
.
oI Hg¢—1— o
+- 14 +
v >
<
vi RS v
- 9 -— V===~
X 0 i
(=)

NEGATIVE
Yo
—P—r—
+ + Vi
S
v R :' v, 0 7

1
}
e

=
=

|

ool

< Vut+ V)
<
. 83 % [\”_/
- |4
T 9 i

Summary of Clipper Circuits

Simple Parallel Clippers (Ideal Diodes)
Vi

oA

Vm + R +

- v Y

IS S—

Biased Parallel Clippers (Ideal Diodes)

+ R +

Vi + -,
V==

- “T T+

o

Yo
Y
Vi

v

o
\ 7/ !
Vi

Yo

/.y,

m

v
ANIA

v DU_'
L 7

-V,

V -
- +T =
+ R +
v + v,
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Clampers
Function: A Clamper shifts the input waveform up
or down (adds a dc offset) while keeping its shape
and peak to peak value unchanged.

It consists of a diode and capacitor (and maybe a

series dc source ) that can be combined to “clamp”
an AC signal to a specific DC level and supply it to
the load R

V

0 I Tt
2

a

— : vp--

+9

ENEE236 — Analog Electronics

Steps for Clamper Circuit Analysis

1) Start analysis by examining the portion of input
that will forward bias the diode

2) During diode On period, assume that the cap is
charged instantaneously to a voltage level
defined by surrounding network

3) During OFF period, assume the cap holds the
established voltage level ( i.e. it behaves as
constant dc voltage source )

4) Consider value and polarity of Vo

5) Check that total swing (peak to peak) of output
equal swing of input.

Ei
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Example of Clamping circuit
Vi(t) A | |
10V [ |
C +
Vi(t)
. O Diode ¥ § Vo
R,
-10 v|
Diode is ideal , V,(0—) =0 A
10
1)att= 0" T RS> V()
Vi(07) =10V ; 1(0%) = V.(07) =0
= Vp(07) = 10V, ~ Diode is on and then replaced with short circuit
In the interval t; >t > 0%
V; =10V, Diode is on (short)
C
ull |
C I I +
[ 10V
S . T RS> Vo(®)
10
T Vo ()
Vi(t) A
v
Vo(®) = 0 — .
-10 v|
and the capacitor charges toward +10V in 9t = 5R,,C =0
e m Uploaded By: Malak Obai%
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In the interval t, >t > t;

i
Vi=-10V 1
The diode is off and replaced N Ve(t) -
. . . - T1 ]/0
with open circuit §RL
V() = =V.(t) — 10
+ 10
Vo (t) =—-10 — 10 H
Vo(t) =-20V + Velt) *

I
!
2
o
_J
A
=
! =

We must choose RC > (t, — t;)
so that V.(t) = 10 V in this interval

The output

Vi(t) |

10V

Vo (t) A i 2 >

-10 v|

-20v

Ei

Instrucfor: Nass_cl,_rlps%é(l;lom Uploaded By: Malak Oba%



BZU-ECE 10/30/2022
ENEEZ2360

Biased clamping circuit
20)
10 v|
C
t ||
| R
WRA0] § v,
R,
A0 1 :
+5v
t
-15v
ENEE236 — Analog Electronics
Vi(t)
Example
What happens if the diode was inversed
c
i {( i t1 © 3 t
Vi R
:-E ) J < -0V

1) Consider t, <t<t, which makesthediode ON

= Dis ON and it is replaced by short circuit
Vo(t) =0V

Ei

Instrucfor: Nass_cl,_rlps%é(l;lom Uploaded By: Malak Oba'%



BZU-ECE 10/30/2022

ENEEZ2360

ENEE236 — Analog Electronics
Cap is charged to 10V with shown polarity due to
diode forward current Vo(t) =0 V

Vi(t)

I]i o o +5V

—n R )
+
t1 2 3

-0V

2)for t, <t<t, voltagesourcereversespolarity, Vi(t) =+5V

while Cap keeps its charge Vc =10V

ENEE236 — Analog Electronics

Vi(t)
- 10V +

Ti .
] N

+
—— 5V VD(tI R ‘
13

+ t1 t2

+5V

o

=

KVL around the loop: 10+5+V,(t)=0 10V
= V,(t)=-15V <0,..diodeis OFF

Vo(t) =-V, (1) =15V

5V
oy -
"

Ei
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.. the clamper charges a cap and
uses this charge to add up to the
input to shift it up or down
(i.e.add dc offset)

Important Note

For Proper Clamping action ,

T jischarge MUSE be large enough
(at least 10 times the period of
the input waveform)

=R.C>10(t, +t,)

Tdisch arge

Vi(t)

Vo(t)

Afterwords for any valueof the given Vi(t) diode
remains OFF and Vo(t) = Vi(t) +10

+15V

15V
Output peak to peak

I

ENEE236 — Analog Electronics

C

I
]

+0

=

3V |

o

o]

1) When Vi=+7V
7-Ve(t)-Vx =0

2 Ve(t)=7-3=4V

= Vo(t)=Vx=3V
2)for Vi=-10V
-10-4-V,(1)-3=0

17
Input peak to peak

More DC offset can be added using external voltage source

+7V

-10v

= V,(t)=-17V <0and diode is OFF

= Vo(t) = Vi(t) - V. (¢)

=Vi(t)—4
=-10-4=-14V
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vi(t)
&
Vo(t)
B
: +7V | \ |
: \ \ \
E +3V
S -
; % i i ou o sl t
NS
TIRE vo(t)
S
: : 10V
- R -
-14v
U
ENEE236 — Analog Electronics For Self S'EU]@W

Biased Clamper Circuits

The input signal can be any type
of waveform such as a sine,
square, or triangle wave.

20V

p—

+ o
a

20V

— 10V

ol

The DC source lets you adjust
the DC clamping level.

Ei
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Summary of Clamper Circuits
th—T A & b :R 0 —r7 v & A ER Yo _‘ ‘ :r‘
v _-é- F = N ‘ i‘ —-u_i- 3 0 r.
S e T e
5a \K—;I 1 . l‘ % T s Uk il
ey | 4 '
= ) T ! o= ER K T,
"_Tiri'_L s HI =2 i "JJ ‘Lr"
3) Voltage Multiplier
Vcll(lt)
¢
D, , and D, are ideal [ C: 02
Vcl(o_) = VCZ(O_) =0 V’(t&) )
A)att=0* C—Z:ch ()
Vi(0+) >0 Viq(0Y)=V,(0Y)=0 Vi) :
Vp1(0t) > OV -~ Djon Vin
land V,(0%) <OV - D, off | [\
B) in the interval t1>t >0 | U U ‘ +"f|1(|f),
Ver(®) = Vi(®) e
vi(t)
The capacitor C1 charges towards V, © . 4
att,; Vc(tl) =Vn
Ei
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C)att=tf
Vcl(t1+) = Vm
Vi(tf) <V ~ Dyis off, and D, is on

D)intheintervalt, >t > t;
C, charges toward 2V,
att=t,

Vea(tz) = 20y

Vea (£2) = = Vi(t2) + Vi

Veo(ty) =V + Vi = 2V,
E)att = t]

D, is off, D, is off

Ver (¢3) = Vi

Vea (t5) = 2V

Ve (0

I

Vi(®)
e

[c:

D1

——Ve®

Vi (1)

Ve (1)

G

D2

— N ()]

Voltage Tripler

Voltage Quadrupler %,
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Electric Bug Zapper
» W
07 B, 560K
L & = cs
Ly ! D" i &
200 o = o
A 4 < = |
1 ] 1 FR— 1
N ) o ] o
HIGH VOLTAGE GRID — — | V
T w| |
1 ww| |
€1-C6 = 047, 630V AC — “"’[;
D1-D7 = IN40OT RECTIFIER DIODE
F.
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