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Diode large — signal application

m Ll""l”'w —
1)Diode clipper/circuit

~~ » +
(&) R, V,(t)
a) assume the diode is on .
[ Jrdde
replace it with short circuit ,/J '
— M{,\.Jl’

ip(t) >0
ir(t) = Vi(t)

ip > 0y ' RV = Vi®)
ie alw “1- - AT
éf"'ltﬂ /\/7\ U‘[’” '-‘L.DH') -b

! L~
~ when V;(t) > 0, the diode <
ison and V,(t) = V;(t)
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Gith (o —> Vozo (Dude o) Sy, 2 ;
I c |
e
Le] * / B
oV
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O
~ when V;(t) < 0,thediodeisoffand V,(t) =0 —= ‘/,Z,’gl_
R
Vo(t) =0, — =2 A
e ST
Lp t):‘_O RL %(t)i
A \;.\\i\ - — -
\‘;\ Vi (t)
AN/ "
= the clipper circuit used to eliminate ortion of the
input signal .
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Example

a) assume that the diod

=>» replace it with short circuit V(¢

ip >0
+|I_ S—.
LI + +
Vi (t) RN
0O L\Ez__fl. L SRV ()
A

Vi(t) — 10

be—

b= "gn0° J, —-1o >0
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ip(t) = %:10 > 0
Vi(t) L
~ Vi) —10>0 O
~ Vi(t) > 10

L when V;(t) > 10 V , the diode is on and V,(t) =V; — 10

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

Y Vo(t) =0)

Vi),

Vi (1) <10 Tﬁf‘a Vo=©
t
I .
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Vi(t)
O Ry, V, (1)
AGE )
20V [\
b
20V g
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Second Method _
assume that the diode is off ,replace it with open circuit
| VU
Vp(t) <0 L +v, - o+
- >
A, (1)
o =-10+v, L) ?u V(8
Vi(t) <10V
Ul. — 10 - \/D =0
\Lt':_: VU, -1D
~ when V;(t) < 10V, the diode is off and Vo(t7'=__(l..
£ 110
VI >io 7 ok
/
b,l,.,‘)t)bn
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Limiters (=Clipping circuits) (1)
Example: C ate and, sketch Vo(t) using simplified diode model
EW
@ In(t) ot} U /\\//\\/ .

5203t Rt U -

Vi(t)
=10 sin ot

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

and io(t) must b.e__> 0 . \S_\l_w_iD(t)'R _wzo
MN—T—. ip(t).R = 4.3V - Vi(t)
+ _ujv
e 43V-Vi()
=q(;lls(itr3(ot , _.L_V R
T
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0.7V

Vo(t)=

@ In(t) o
| Q

Vi(t)
=10 sin ot

'|"‘ *|I|

Limiters (=Clipping circuits) (2)

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

4.3V - Vi(t) >0
= Vi) <43V

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

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

\Jo(’l' —-Vll L+ -0
Vo [H) = Vi)

Vy L 13— Vo= ¥-3
U, Si.3 5 VeV,

;
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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)
Sl
ur A

5N\ A~ JSW

N/
Y O\ U
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Circuit Containing Two diodes

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

+

* ~ o Doe
_@ - Vo(t) = //\\//\\/ ]

=20 sin ot

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

U
il

r - .
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+
1) Assume D1 is ON and VYV
D2 is OFF .
ip1(t) > 0 NS A
p1(t) @

iDl(t): ®

Vi)-5 Z\{”

f ) :
Instructo%%i?sé_rl sanacl;Iom Uploaded By anonymous,



BZU-ECE 7/5/2021
ENEE2360

ENEE236 — Analog Electronics

2) Assume D2 is ON and D1 is OFF e P
ip2(t) > O oY
AV X "
p2(t) D2 #
N Vo(t)=-5V
. ~Vi(t)-5 el L ¢
I, (1) = ViY-9 >0

Vit €+5=6
g

®

when Yj(t)<-5V), Vo(t) =5V .~

It .
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3) Assume D1 & D2 are ON
P —VW\ .
Vo=+5V ?? 5
Vo=-5V ?? % I SE
Vo(t)=?7?
This is invalid configuration ity oy _, Combination
and impossible to occur Z2osinr /
NiS>s — Vo=5
: S )
V, 4 ~5 = Vo =~ s N T—

I - .
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4) Assume D1 & D2 are M\ 1 I )
both OFF , & >
9 1
Vo(t) = Vi(t) @ o | | Vo(t)=Vi(t)
=20 sin ot | >V I 5V
| |

This occures for the remaining part of the
input voltage waveform:
-5V < Vi(t) <5V

U[‘

V":SJ Vv, Y

\10:"’5 ) Ul‘ 4-5

=

+5V

Uiz 54V, ¢S

f _ .
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Summary of Clipper Circuits

HW 'f\o( Prachee

Simple Series Clippers (Ideal Diodes)
POSITIVE NEGATIVE
Yi v, v
—— ———o0
Vin + + + + Vin
4 S
T Rg % o T vi kg % 0 1
S S SR h FO S -
Biased Series Clippers (Ideal Diodes)
vi Vo Yo
v p=lle——3 — I[P
m + + + + o+ = +
4 3 v ) A
v, R ¢ v, 0 v RQ Vo 0
i i ‘) v L__ _l ‘b Y] 1
Vi = - = -
= ~(%+V) =
v, v
I ’ |l s
ol + A +
< > v
4 R 1: Yo Vi R :: v, (Vn+ V)
_ Y - vpee-- B < v
IE3 ° 0 w ¢ °x 9 1
-(=V)

[
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Summary of Clipper Circuits
y p?ft/ Prachre

\[\[l\\( (Ideal Diodes

+ R + Vin 7
_Vm 5 e

wrallel Clippers (Ideal Diodes)

+ R i oy :_V;{\'Ti K 1
" \j-: e ODU—r ) ¥ V_: K _3_ 7 /
—_ -T = Vi [] = + -
+ R + =
V—i —) o P . il 7

% oy, ‘C_ =T ¢

T A T ov vl vl

. X K, et %

. =T I+g

e
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[
— Eunction: 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
| theload R

beee— R 1%

'%./ ‘Y
’ + C — ,\"vJﬁCL"QFm ]vi 0
T ; o o

[S1E]
-
e

VE--

\
U
ol

5

J
J

= JUOH 2V
Viz VetVo = Vo=l Ve

psyle=——o - > ...c,on‘f"“""" :[0 7 '

f ) :
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Steps for Clamper Circuit Analysis

r 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 <—

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

f ) :
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““é 3) __.\\__—]’% Shol #
ézoﬂ L =0 T
- _\- ._ = v gbc. _

Vclb )-— ? —
C ¢ g},«ﬂ/&/&JH

5—-Vc =0 _.)\/c-é'\l

7""‘“"8" =-C. Zsc. & ""’75"‘""
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‘ o '," a(_d1t;n
Example o er'd 2N ) clarpy
Find and sketch Vo(t)? .d"k

s
7
!

t1 2 3 t

|-1°
ol

1)For t<0 (t=0) V.(0)=0 1 -
2)For t>0 (t=0+) V.(0")=0 s
Vi(0") =5V 7

— D1is ON and it is replaced by short circuit

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

4 42 = VU =-1d, Ve =5V, Divde 2
ot 5 —

f“( /(74“5"'\/!)-—'0
T L L e

[
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Vi(t)

5V +5V
+ -
Il . "
j | 2
4
+ tl
—— DOV R :
-
Rsc=0

_:T= & & 0

since 7

charge

=R,C=0andVo(t)=0V _—

-10vV

t2

t3 t

— D1is ON, Cap charges instantously to +5V with shown polarity

4)for t, <t<t, voltagesource reversespolarity, Vi(t) =-10V

while Cap keeps its charge Vc =5V sincﬁ]Iischarge = R._CS is large

N—-—"”_‘
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Vilt)
5V +5V
M | . N
9 " L
10 * .
T VD(t; K t1 t2 3
e 5 o
KVL around the loop: -10-5-V,(t)=0 10V
=V, () =-15V <0,..diode is OFF
v Vo(t) =V, (t) =-15V
a— —
10V R v \/
f :
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5)for t,<t<t; ,Vi(t)=5V |
while Vc =5V N

Vo(t) v
GO=8:520 o e

Diode is OFF and it will agi| " 2 ‘
remain always off gl g
no matter what happens to Vi(t) L 3 \
i VT g Vol(t)
Vo(t) =V, (t) = Vi(t) -5 M e
EES-HUB.com Uploaded By: anonymous,
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Velo )=

5 —
_ —_—> O — ode ON
T ) ' + L()-l' :} =Y
\ N e .
o H-h i b \"”“p
4 s\ A .
ENEE236 —Analog Electronics A% Steady ST
/Vi(t) 1 __J_>
Example S| Ly L
What happens if the diode was inversed
—2
C b
o I = o t t t t
+ 11} L /1 2 3
V; x R !
:{- - © -0V
1) Consider t, <t<t, which makes the diode ON V:WP ti—al
— D isON and it is replaced by short circuit ) — n' -+ "
Vo(t) =0V 1o q oo
que “1’] v -

-910‘3 Vc_ =lo

/
2
\ Y’_‘\ Ve-1o =0
’ - —o—
‘7‘9;1. @ VC-I'“’
| oot 5)

\ID+|0+6 =0 — \[D—-—lg
Disde o
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Capis charged to 10V with shown polarity due to

diode forward current Vo(t) =0V

Vi(t)

-10V +
It
9 i

Y ’ R "
"
t1 2 3

-10V

+0

o

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

while Cap keeps its charge Vc =10V

Uploaded By: anonymousg.
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Vi(t)
- 10V +
1 - -
I 3
+
1 5V VD(tI R }
+
é - _0

KVL around the loop:
=V, () =-15V <0,..

10+5+V,(t)=0
diode is OFF

o]

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

+5V

t1

-10V

t2

t3

rEZIQQFJS—H B.com
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Afterwords for any valueof the given Vi(t) diode
remains OFF and Vo(t) = Vi(t) +10 lr

.". the clamper chargesa cap and +5V \
uses this charge to add up to the '
input to shift it up or down :
(i.e.add dc offset) " N
Important Note =k o | sy e
For Proper Clamping action,

\

T, must be large enough 1
dlscharge g g E "

(at least 10 times the period of
E 5

the input waveform)

15V
Output peak to peak
:

%
f
\
l
\
|

i

I _ .
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More DC offset can be added using external voltage source
C
o Ti -
gt ° | =
y
0, o+ S OF i
- v | ! | s ! 2 °
o ‘ -© g
1) When Vi=+7V 5
7-Ve(t)-Vx =0 e
S 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
2 -
) +e +f“ 10+4+ Vp+3 =0
.__[ l §1+ SoVp = =17 \T&o
/ \p
10 n — :DIQJJ
+ ) — e 4 -

=l e,
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, ]
Vit
&
Vo(t)

cccccpeccne

17V
Input peak to peak

tl 2 t3 k t

17V
Output peak to peak

; 10V
Nelceeedecaaaad .
i
[}
[}
i 14V
N SOOI

I _ .
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Biased Clamper Circuits

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

\’I-

20V
0] 1
20V

VAN
The DC source lets you adjust o0 \J U
the DC clamping level. o

ol - 4o
a
|
+'_ 1
(=]
<
=
-
3
/
\V \

f _ .
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Summary of Clamper Circuits

Clamping Networks
°—| . °—| . Yo
v + + + +
-V - - 2v - i l
= wl i £ 0 7
i L. @ [
v R w0 - 0 SR % 2v
i= ¢ 2v W=_¢ vil 1
_7 = o J— _? =% N Ol t
(o 3 ¢ Q _f
W NETR w0 : W TR 3R
T . TBE ; = v
= l = v, t
] _
2% 75
'N/
\J
; ’{a\ ®2
v f//‘(’} )
) /
r \/9 'J/
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