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Diode large — signal application

Diode clipper circuit N N
Vi(t)
. Ry V5 (t)
a) assume the diode is on % % )

replace it with short circuit
ip(t) >0

e iR *

~ 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

-’

input signal .

Example
a) assume that the diode is on +I|_ N N
=> replace it with short circuit Vf(l? R, V()
ip >0 _
4]
V() h A
_ Vi(t) — 10
ip(t) = = R,
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V:(t) — 10 -
iD(t) — L >0 +|I
R; L +
Vi(t) i (t)\‘
. D R; V,(t
2 Vi) —10 >0 L Sfuh®

~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

oy
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Second Method
assume that the diode is off ,replace it with open circuit
o .
Vp(t) <0 |1 +v, - N
Vi(t)
Vp(t) = =10 + V; ) Ry 1, ()
V,(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
@ Ioft) Vol ) /\ /\
" ¥ % S
=10 sin ot
1) Assume diode is ON so we replace it by 0.7 V
and io(t) must bg >0 . 5V-0.7V - iD(t).R —Vi(t) =0
NN , i (t).R =4.3V - Vi(t)
. 0.7V
o o= Volt- 43V - Vit
/ vitt) o 43V |D(t):T>O
=10 sin ot ——
T

Fall 2015-2016
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Limiters (=Clipping circuits) (2)

e

+

Q

Io(t)

Vi(t)

=10 sin ot

Jujv

5V

T

Vo(t)=
43V

4.3V - Vi(t) > 0
= Vi(t) < 4.3V

when Vi(t) < 4.3V diode is ON af
Vo(t) = 4.3V

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

+

Q

A

Io(t)

Vi(t)

=10 sin ot

5V

T

Vo(t)=Vi(t)

= Vi(t) > 4.3V
Vo(t) = Vi(t)

ENEE236 — Analog Electronics

Limiters (=Clipping circuits) (3)

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

ur A

W=7

/

(=}

/

/\ 4.3V
\ /[ \ -
(ALY
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Circuit Containing Two diodes

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

% D1 D2 o \,'.7\ /\
Qz:;ﬁ;’m i f Y I
T T

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 0
ip1(t) >0 ot o)
® @ loa(t) Vol(t)=5V
i1 - vi(t)
iDl(t) = Vl(t) 5 >0 =20 sin ot >V >V
1T T

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

Fall 2015-2016
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in2(t) > 0

-Vi()-5
R

iDz (t) = 0

2) Assume D2 is ON and D1 is OFF

=20 sin oot

D1

-

D2

Volt)=-5V

5V

1

when Vi(t)<-5V , Vo(t) =-5V

ENEE236 — Analog Electronics

3) Assume D1 & D2 are ON

?
Vo=+5V ?? %)
Vo=-5V ?? &

This is invalid configuration
and impossible to occur

Q

Vi(t)
=20 sin ot

D2

5V

T

Vo(t)=??
Impossible
Combinatiory

Fall 2015-2016
Instructor: Nasser Ismail
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4) Assume D1 & D2 are
both OFF

Vo(t) = Vi(t) Q

Vi(t)
=20 sin ot

M\

l D1 l D2
i j_ Vo(t,
T T -

This occures for the remaining part of the

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

U A

TAA

~<

(=]

Y 5

+

)=Vi(t)

Summary of Clipper Circuits

Simple Series Clippers (Ideal Diodes)
POSITIVE
Y
Vin + i¢ +
$
o4 5 v,
Biased Series Clippers (Ideal Diodes)
Vi
Vi + + | m +
v P
vi R 0
1 b V o
M5
= (Gt V)
”_N_—°
+ - | + +
V. P
Vi RS
= Y _ v
+ N K
-(Y=V)

NEGATIVE
Yo
P
+ Vi
S
Vi R:’ % 0 :
PR S S
Yo
- I‘ m
! %Y
RS 0 %
B < Iy
v
|1t 2
+- ‘v+
>
3 v (@
- 9 v
+ ° i
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Summary of Clipper Circuits

Simple Parallel Clippers (Ideal Diodes)

- o—AMW——p—0
+ * R + Vi
% F OA—,
- - -

e

i o
v =
+ R s
i ot Y% 0
V= -V
- +T = e
Yo
+ R +
14 NANIAl
i +* -% 0 D@—o
V=wn= Vil &

Summary of Clipper Circuits

Simple Series Clippers (Ideal Diodes)

POSITIVE NEGATIVE
Vi v, Vo
Vi + ¢ + + b + Vi
S S
- Vi RS % o T v RS % 0 >
Yooy 1 3 ” a1 3

Biased Series Clippers (Ideal Diodes)

(5
1
<~
= +
4
1
=
ARA
A
(RO
o
<
I
1
1
o= o+
-
I
=
=+
Lo
&
1
S

ﬁg
}
b
1
|

=
AN
o<
T
1
|
1
|
1
!
1
1
'
1 <
]
|«
o<
=
I
S
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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

a

0 I Tt
2

,vr___ |

+0
—_—

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.

Instructor: Nasser Ismail
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Vit)

Example v
Find and sketch Vo(t)?

c

It
e 1]}
tl t2

Vi R

ox

-10vV

1)For t<0 (t=07) V,(0)=0

2)For t>0 (t=0+) V,(0")=0
Vi(0") =5V

= D1lis ON and it is replaced by short circuit

3)for 0" <t<t, equivalentcircuitis—= see next page

ENEE236 — Analog Electronics

Vi(t)

+ 0

|
I
u
<
=

Rsc=0

* 0

l]I-o

-10V

= D1is ON, Cap charges instantously to +5V with shown polarity
since 7., =R,..C =0 and Vo(t)=0V

4)for t, <t<t, voltagesource reverses polarity, Vi(t) =-10V
while Cap keeps its charge V¢ =5V since 7, = R.C islarge

Fall 2015-2016
Instructor: Nasser Ismail
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Vi(t)
5V +5V
[¢ = > ]
i\ %
—1— 10 y :
T VD(t; . t1 ©2 3
ore- = o
KVL around the loop: -10-5-V,(t)=0 10V
=V, (t)=-15V <0,.. diode is OFF

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

i

—— 10V R

+

] 1

3

+ o

ol

ENEE236 — Analog Electronics

5)for t,<t<t, ,Vi(t)=5V '
while Ve =5V .

Vo(t)

VD(t):5'5=O B e S e

t1 2 t3 t

15V
Input peak to peak

Diode is OFF and it will

remain always off

no matter what happens to Vi(t)
Vo(t) = V, (t) = Vi(t) -5

Vo(t)

15V
Dutput peak to peak

“cccccafl —

Fall 2015-2016
Instructor: Nasser Ismail 13
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Vi(t)

Example
What happens if the diode was inversed
c
o I
b | %
Vi R
ot :

Vo(t) = 0V

+5V

t1

-10v

t2

1) Consider t, <t<t, which makes the diode ON
= Dis ON and it is replaced by short circuit

ENEE236 — Analog Electronics

diode forward current Vo(t) =0V

__*D s,

o
o]

while Cap keeps its charge Vc =10V

Vi)

Cap is charged to 10V with shown polarity due to

5V

t1

-10V

t2

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

t3

Fall 2015-2016
Instructor: Nasser Ismail
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Vi(t)
- 10V +
l, _ o +5V
] i\ _ %
—sv VD(tI R
+ t1 ©2 3

4y | =
KVL around the loop: 10+5+V,(t)=0 10V
= V,(t)=-15V <0,..diode is OFF

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

+i\(/] °

—— 10V R

+

] J

3

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

.. the clamper charges a cap and 45V
uses this charge to add up to the '
input to shift it up or down

(i.e.add dc offset) v | 5
Important Note 0| sy
For Proper Clamping action, |

must be large enough 1

15V
Output peak to peak
<
o
=

Tdischarge ‘
(at least 10 times the period of |
the input waveform) i |
|
|
|
|

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

Tdisch arge

Fall 2015-2016
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More DC offset can be added using external voltage source
c
-?- ={ 1 I j_ +7V
Vi + R ) fé
Vx ——— 2 t1 3
- 3v [ _ | "t °
o9 & o g
1) When Vi=+7V
7-Ve(t)-Vx =0
~Ve(t)=7-3=4V
= Vo(t)=Vx=3V
2) for Vi=-10V = Vo(t) =Vi(t) -V, (t)
-10-4-V,(t)-3=0 =Vi(t)-4
=V, (t) =-17V <0anddiode is OFF =-10-4=-14V
ENEE236 — Analog Electronics
Vi(t)
&
Vo(t)
T av ]
' \ \
3y | |
> § Liou o sl t
IRl Vot
A U
; -14v

Fall 2015-2016
Instructor: Nasser Ismail

9/13/2015

16



BZU-ECE
ENEE236

Fall 2015-2016

ENEE236 — Analog Electronics

Summary of Clamper Circuits

ymping Networ
v, v, Y,
1t o—It

v | Pt e | i

r c { c ) b
0 A ]F 3R % 0 ‘ — v A 3R % } i
v - - 2v - -

= ‘ = 0 L

5 =3 | 2 —3 [
c c
= kR 0 R " i 3
Vice ¢ - i V 0“
CINE 3 i - | |2 1 i
—0 | —— - 0 = o
| L \xk

Voltage Multiplier

Ver (8)
D, , and D, are ideal - HF i
V61(0+) = VCZ(O_) =0 Vi(t) N
Q Y o
« A)att=0* 1 -
V;(0%) = positive
Ve  (01)
= Vc2(0+) =0 o

~ D;on, and D, off

+ B)in the interval | ) U U ‘

charge towards 1},

att ; Vc(tl) = Un

Instructor: Nasser Ismail
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« Catt=tf
Ver (¢7) = Vin
Vi(t1)< Vm
~ Dyis off, and D, is on
*+ D)intheinterval t, >t >t
C, charges toward ?V,,
att=t,
Vea(t2) = 2V
Vea(t2)= = Vi(ta) + Vi
Vea(t2)= Vin + Vi
Vea (t2)= 2V

e E)att=tf
D, is off, D is off
Ver(t3) = Vin
Vea (t3) = 2V,

ENEE236 — Analog Electronics

Practical Applications

Rectifier Circuits

Conversions of AC to DC for DC operated circuits
Battery Charging Circuits

Simple Diode Circuits

Protective Circuits against

Overcurrent

Polarity Reversal

Currents caused by an inductive kick in a relay circuit

Zener Circuits

Overvoltage Protection
Setting Reference Voltages

Fall 2015-2016
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