asoldl Ugololl als

A9 J¥ 1 Cpladl) - J oY) & Sl

o> yvel )9 Y

YeYE =Y TY il plall




Yove Y ory o pall alall 4500 A gal) — i g ASIN) Balal dp jal) Adadl)

salall P“"
4 ) daly 4 d) dadlly
Electronics el g <)
cilas gl a |l e | o : Balal) calaal
6 4 | 2 | 2 A g ) colanall 8 5gaY) A Aaadial) Apalal) A g ) i) o) aa o )
Week Date Topics Covered+ Lab. Experiment Assignments Notes

1 Saturday

16/9/2023 . . . .

Physic of semiconductor, Diode and Transistor.
2 23/9
3 30/9
4 7110 . . L . -
5 Diode Equivalent Circuits. DC analysis, AC to DC Rectifier
5 ;iﬁg (Half-wave rectifier HWR and full-wave rectifier FWR)
! 28/10 Clipper, Clamper circuits
[ : ircuits.
8 4/11 PP P
9 11/11
10 18/11 BJT Transistor DC Equivalent Circuits, (C.B, C.C and C.E), DC
11 25/11 analysis, Load line and Q-Points
12 2/12
13 9/12 BJT Transistor ac Equivalent Circuits h-parameters and re-
14 16/12 model
15 23/12 Transistor Amplifier
81/12/2023 = | ) 1 1co exam

11/1/2024

14/1-25/1 | Half — Year Break
16 211 Transistor Amplifier
17 3/2
18 10/2 FET Transistor DC Equivalent Circuits, (C.G, C.S and C.D), DC
19 17/2 analysis, Load line and Q-Points.
20 24/2
21 2/3 e
25 9/3 Power Amplifiers
23 16/3
24 23/3 Operational Amplifiers circuits. (Inverter, non-inverter,
25 30/3 summing, subsector, integrator, and differentiator)
26 6/4
27 13/4 .
8 20/4 Oscillators.
29 2714 L
20 475 Integrated Circuits.




SUlaiaY) Gla 3 g 58

o Mg uidal) BARA A el clilaniay) | da gall clilasiay) Al
Lab. Comprehensive Exam Monthly Exams Quizzes ’
g ity |7 ' : Y ATIIEENE A%
s o (Cilasal o) da 0 355 ) s o 2| A Jadl
Zubhﬂbg;ﬂd\ﬁ.ﬁs % © = Jgaadl g ciliall /AR Adud) Jles)
7N = el Gladal) lte = g Al Glatay) AR el Glaiay)

Contents  4ajlall il gina
No. subject
Introduction:
Chapter -1 1-1: Physics of Semiconductors, 1-2: Review Questions
Diodes and Transistors
Diode:
2-1: Diode Equivalent Circuits 2-3: Applications:
Chapter -2 2-2: DC analysis 2-3-1: Half-wave and Full-wave Rectifier
2-3-3: Clippers and Clampers
2-4: Review Questions
BJT Transistors:
3-1: BJT Transistor: DC Equivalent 3-3: BJT Transistor AC Equivalent Circuits, h-
Chapter — 3 Circuits: Common Base, Common parameters and re-model.
Collector, Common Emitter
3-2: DC analysis, Load line and Q-point | 3-4: Applications: Transistor Amplifier
3-5: Review Questions
FET Transistors:
4-1: FET Transistor: DC Equivalent 4-3: Applications: Power Amplifier
Chapter -4 Circuits, Common Gate, Common
Source, Common Drain
4-2: DC analysis, Load line and Q-point | 4-4: Review Questions
Operational Amplifier Circuits:
Chapter -5 5-1: Invertors and Non-Invertors 5-3: Integrators and differentiators
5-2: Summer and Subtractor 5-4: Review Questions
Other Applications: 6-2: Integrated Circuits
Chapter — 6 - - _
6-1: Oscillators 6-3: Review Questions
References ibaall
1. | R. Boylestad, ""Electronic Devices and Circuit Theory",11™ Edition
2. S AN Cpa VBl g jalaal) (g
3. ( Google Class : & (AN chall o gl 3 abi ) A g SN jaluaal) g Sl (g




FaYe /T Y ol plall ) adladl oo o230

TP T TY LT A Y

gl el sl il

T-TE/ /1) T PPN

g il Cliladal s s

T X e Yo T YE 1 ¢

A 0 ki 2

Y. Vi/5/8 T-TE/1/Th

TR

Y-Ti/a/14

P P RV PR

Y-ti/11

A g Sidaddl e

TLTE AT W

el ) alad)
YoYE/Y. vy
)\ ;

351 e - £ 11 oAl G | | 6ol - * g s 10 g Qe | | et 6 87 g0 s - T g 20230 Jaki
12 11w [ B pawth § 7 [ 5 4 pauth 3 1 1 =
voasle g 1y 4 caadl |pr2gn 2103 14[tY 7 cadi (4230 16 [ve 0 v 2 1o 30 [cud
26 (2 19 (v 12 5 T ) B Y = EE T N T T saly)
vt 37[h 20 v 13 6 = | B B T ] R =1 ) I S R T N R i
ve 38 (v a1 |t 14 7 el (3l [s 24t 17ve 10)0r 3 Jecm@ | [oag[: q9 2]y 3 gl
1o 29(5 22 (v 18te § 17 1 [emedn e 28 (7 18(™ 11[1% 4 fewssn| fvR7 (e 20 [ 13 6 s 1
A [E 23 (Y 16re 9 [1n 2 [ e voag[e 19(ry 12[v. 5 Lesadi| [r2g | 21 v 24 |rr 7
BT ESTIE :'.I'It-u_-h 1 27)e 20 13[1 6 [Eead | [z |v 23 fro 15t g v ﬁ
b -V Phisd [ Viway- 1AT g 2024/ 1A D08 | |1 AT gdia - 00 sdia 12 g G 8s
] 18 18 17 16§ padn 1§ fagithe ol st pged gt 13 14 13 B el
pe2g [v 1773 Q0rY 3 axad | h227s 200 13]7¢ 6 cud | 1= 23] 16[%2 9 [1a 2 [y 30|cud
228 |4 18| 11[TT 4 =y |[1ag]s 2t 14)t= 7 syl | [0 24]6 17)v 2005 3 [ho 31 [
267 19 13t S R R I H A R I =T A ER IR S
AT 20T 13T 6 el [ 3y 23 16|ty 9 [0 2 el | hraglt 10t 12 = Pk, iy
g [al]e 14t 7 sag ) 331 [ 24(e 17(ve 10 [ 3 (e | fe a7y 20l 13t 6 a1
g fivaz|s 15[ I8 [ 1 [ edd w2zt 18(v3 11 [t 4 el | [z ag|n 21(0 147 7
51"13115|\’.J. g [ 3 | daaad \i:ﬁ?lgr-uwgluﬂ nggﬁ:z'rlgﬂswlﬁ
V1 adllph1 - dlgs 5 | [ - 8 iy 4 ol | | 8 Choiaa ;A Chmes 3
o fawa pma 3 19 19 B W 26 15 paul M 3 1 n B sl
*fﬂi*lﬁ\“ll‘rﬂﬂl el | AT 200 23[YY 6 el [y 23] 1674 9 |7y 2 |7 30| e
LGP 19 12 8 =i | paagiran|e 14[ 7 ==y | e 24V 17 [ 10t 3 [ 31 (¥
13 27pv 20l 13| 6 s [ peaolraals 18(vs g v 1 (e | [re 23] 180 11 4 CaA
toaglir2lfs 147 T el@ | franfie 23]y 16| 9 |vr o2 || [vo26]c 19 |r 127 & el
vaghe2aly 15[ B [0 1 fewe e ag (A 170 10fve 3 [ewegw| [ 27[v- 207 13[v= § elas i
v 3fie23f 16(0 9 [rr 2 [emdd vag[a 18] 10 (ve 4 esssd| 2[00 30 [ 14 7 —
H’alﬁzuntmnam wag[r 19 r 12N 5|7'=--=_-11 i 201122 2 15vv g re 1 [daead
¥ i - 3 S | [ 208803801 viaall 5 755 | | 1 tiaad oy i g 6 Ol
Qelpudall dno¥ez pn wydaduchdthali p gl Gelpatoll ey g Wl daoliilhad gl e i oz B gl
M4 H"1:r w10 fre A an [eead ||ry 270 20]v 13f 6 cuad | [rr2g [ 22 [3)15 (v 8 [re 1 [cud
s fie gy 11 4 way) (11 28[1= 214 240 7 sy [ [re3g [ 2316 9 [re 2 [
a6 ie 190 120 5 == (2o 1a]e 18| g [ve 1| = a4 T 10 (v 3 =
fT2T[ 2000 13 [ 6 el (v 3p)0 230016 (7 9 v 2 | e 1325 1T 18 (= 11 (v 4 [ecmen
reag 1 21 [ 1407 7 elag 1 | 2 31[0a 2410 17(¢ 10[vv 3 |ewm v 26 [F 190 12 £ s
=29 [ 2z 15[ B 1 [meaad 1131t 18] 11 [rh 4 | masd w1 a7 20 ]v 13 [ g [esasd
3ot 2aivae|e 9fv 2 [l fo v 19y 127 5 el fragem -nu*‘:ﬁ
haliall 3 Hanl!

) (faad g2 8) Hp ap 119 (d g 1Y) .w-l-'-.i-l-““'

[ ol g 1F - 1]_,;.::'!.5 1 -1 dadodi ddadi gy T TEMN

[agmes Vjukhds " Ay sagll ATl iy WA whall s 4

JaE e aEN (=2 ¥} E .ﬂ-i-us'u--'l EF=Ri

(puoma Vo) el e V1Y i dlag FITY

D il gl i gl dnia (g ¥ 1 ) Ljdl il 2 41 Y 1

0 sl 3 (3 e dhadiag &0




a N
Chapter -1

Introduction
\ Y

1-1: Physics of Semiconductors, Diodes and Transistors

The world advanced in
all the fields

|

The reason is the Materials is : solid /
advance in material liquid / gas

science

!

Solid Materials is :

The world advanced in conductors / insulators /
solid material semiconductors
l Semiconductor materials
The world advanced in are : original ,eg. Si ,Ge,
Semiconductors and composite like SiC,
GaAs, InP, Zn0O,

!

Advance in : Diodes,
Transistors, Integrated
Circuits IC

v
So :Itis necessary to
understand its physics
and operation

Fig.(1 — 1). The reasons of the Electronic advance



1-1-1: Silicon bond model: electrons and holes
Si isin Column IV of periodic table:

1A IVA VA VIA

B | C6 N | O |
- AI 13 Si 14 P 15 S 16
Zn30 GaBl GeBZ ASB3 Se 34
Cd48 In49 Sn50 Sb51 Te52

Fig.(1 — 2).Some of material groups of 2,3,4,5,6 groups

Electronic structure of Si atom:
e 10 core electrons (tightly bound)
« 4 valence electrons (loosely bound, responsible for most chemical properties)
Other semiconductors:
* Ge, C (diamond form), SiGe
* GaAs, InP, InGaAs, InGaAsP, ZnSe, CdTe (on average, 4 valence electrons
per atom)
Silicon crystal structure:

543A

3sp tetrahedral bond

Fig.(1 — 3). Silicon crystal structure
6



e Silicon is a crystalline material:
— long range atomic arrangement
« Diamond lattice:
— atoms tetrahedrally bonded by sharing valence electrons (covalent
bonding)

« Each atom shares 8 electrons:
— low energy and stable situation

« Siatomic density: 5 x 10?2 cm™
Simple “flattened” model of Si crystal:

4 valence electrons (- 4 q),
contributed by each ion

\,/'\JU\,/T/
O--90—0—0
O—0—0

*—0—0

(N (M (N ) (N N «

Two electrons in bond
Fig.(1 — 4).sharing 4 electrons with covalent bonds

O—0—0—(
a a6 A&

D=—=0=—=0=—=0=—=(

At 0° K
« all bonds satisfied — all valence electrons engaged in bonding

* no “free” electrons
At finite temperature:

& - L o o L o s Q
AN <
)—0—0—0—"D—0—0 A\ ©—¢
N R O = % | e ae
D—=0—0—0Q=—0<0 0—<¢
NI D W N N N S -

mkgmplﬂt[,, bond (mobile heols)

Fig.(1 —5).free electron and mobile hole



finite thermal energy
some bonds are broken

“free” electrons (mobile negative charge, —1.6x1071° C)
free” holes (mobile positive charge, 1.6 x 107%° C)
”Free” electrons and holes are called carriers:
« define:

n = (free) electron concentration [cm~3]

p = hole concentration [cm™3]

In thermal equilibrium and for a given semiconductor, np product is a constant that
depends only on temperature!

1-1-4. Intrinsic semiconductor:

Question: In a perfectly pure semiconductor in thermal equilibrium at finite temperature,
how many electrons and holes are there?

Since when a bond breaks, an electron and a hole are produced:

No = Po
Also:
NoPo = N

Then:

No = Po = N

Ni = intrinsic carrier concentration [cm~3]
In Si at 300 K (“room temperature”): n; = 1x 10*° cm™3
n; very strong function of temperature: 71 — n; 1
1-1-5. Doping:
Introduction of foreign atoms to enhance semiconductor electrical properties.
A. Donors: introduce electrons to the semiconductor (but not holes)

« For Si, group-V atoms with 5 valence electrons (As, P, Sh)




A IVA VA VIA

B| C| N]|O
1IB AI Sl P S
/n | Ga| Ge | As | Se
Cd|In | Sn|Sbh| Te

Fig.(1 — 6).Some of Group 5 materials

4 electrons of donor atom participate in bonding
« 5th electron easy to release
— at room temperature, each donor releases 1 electron that is available for conduction

Py & o/ py < - A 4 w T

)>—0—0—0—0 ~0—¢
)—0—0—0—Q—0—0-0—¢

mobile electron
)—0—0—0—0-0—0—0—¢
i\ i ) ) £ ) a r
immobile ionized doner

Fig.(1 —7).The free mobile electron of the donor



Define:

Ng = donor concentration [cm~3]

(intrinsic semiconductor) — ny = po = N;

«If Ny >> nj, doping controls carrier concentrations (extrinsic semiconductor) —

D
n;

T = ?"rrf Po = ?
1¥d

Note: n, >> p,: n -type semiconductor

Example:
Ng =10Y em™ — 1, =101 cm™3, p, = 10° cm~3. In general: Ng ~10'® — 102 cm3

legng ..
log po.

electrons=
majorty carmers

~ holes=
“'-
Po. "'-‘_t minority carriers

"
™
s
-

[al
intrinsic extrinsic

logid

Fig.(1 — 8).The numbers of majority and minority carriers of N- type Si

B. Acceptors: introduce holes to the semiconductor (but not electrons)
« For Si, group-111 atoms with 3 valence electrons (B: Boron)

10



A IVA VA VIA

B C| N| O
1IB AI Sl P S
/n | Ga| Ge | As | Se
Cd| In | Sn| Sb| Te

Fig.(1 — 9).Some of Acceptor materials of group 3

« 3electrons used in bonding to neighboring Si atoms

* 1 bonding site "unsatisfied”:

— easy to “accept” neighboring bonding electron to complete all bonds

— at room temperature, each acceptor releases 1 hole that is available to conduction
« acceptor site become negatively charged (fixed charge)

—e—e—e—w—w—e—w—
)—O0—0—0—0—0—0—0—
> O o O Co—@_@o_ @
>—& ff) o\ o O—0—¢
e A A )\ !

mobile hole and later trajectory . . . .
- mmobile negatively lonized acceptor

Fig.(1 — 10).The free hole of the acceptor

Define:
N, = acceptor concentration [cm 3]

* If Na << n;, doping irrelevant
(intrinsic semiconductor) — N, = P, = N;

11



«If N, >> n;, doping controls carrier concentrations (extrinsic semiconductor) —

]
1
AT i
Po = N, Mg = 7+
_?\ 1
Note: p, >> n,: p-type semiconductor
Example:
Na=10%cm™= — po, =10% cm=3, n, = 10* cm3.
In general: N, ~10% — 102 ¢m™
log ng .
log po
J,"‘.“’h‘oles=
p{!",--" majority carriers
electrons=
minority carmisrs
' >
o log Mg

intrimsic extrinsic

Fig.(1 — 11). The numbers of majority and minority carriers of P- type Si
Summary:
In a semiconductor, there are two types of carriers”: electrons and holes
In thermal equilibrium and for a given semiconductor nop, is a constant that only depends
on temperature:

NoPo = nzi
« For Si at room temperature:

ni = 10°%cm3

* Intrinsic semiconductor: ’pure” semiconductor.
No = Po = N
Carrier concentrations can be engineered by addition of “dopants” (selected foreign

atoms):
— n-type semiconductor:

no = Ng, Po =gy
— p-type semiconductor:

Po = Na, No =——

1-2: Review Questions:
« How do semiconductors conduct electricity?
* Whatis a "hole”?
« How many electrons and holes are there in a semiconductor in thermal equilibrium
at a certain temperature?
» How can one enhance the conductivity of semiconductors?

12
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Chapter — 2

Diode and its
Applications

s S

2-1: Diode Equivalent Circuits:
2-1-1: Diode Notation:

Table (2-1) shows the diode notation and the image of the practical diodes.

Table (2-1).Diode notation and the image of few practical diodes

O>— P N - ’ X
Diode |
notation p- c
Anode Cathode
Commercial
junction
diodes

Anode | -~ Cathode

Jo—
Anode Cathode

Cathode
(Case)

Anode q Cathode

/
Band

Anode

13



2-1-2: Ideal Diode :

In general, it is relatively simple to determine whether a diode is in the region of
conduction or non-conduction simply by noting the direction of the current I established
by an applied voltage. For conventional flow (opposite to that of electron flow), if the
resultant diode current has the same direction as the arrowhead of the diode symbol, the
diode is operating in the conducting region as depicted in Fig. 2.1a. If the resulting
current has the opposite direction, as shown in Fig. 2.1b, the open-circuit equivalent is
appropriate.

+ Vp Short circuit
o

> - : 1
——
Ip (limited by circuit)

(a)

ol
y
(o]

0 2
— VbDH + N /O}Jen circuit \/
O O e (o O

—

Ip=0

Figure 2.1 (a) Conduction and (b) nonconduction states of the ideal diode

2-1-3: V /1 _characteristics of the Diode :
1. Forward Characteristic:
When the diode is forward-biased and the applied voltage is increased from zero,

hardly any current flows through the device in the beginning. It is so because the
external voltage is being opposed by the internal barrier voltage Vg whose value is

0.7V for Si and 0.3 V for Ge. As soon as V; is neutralized, current through the

diode increases rapidly with increasing applied battery voltage. It is found that as
little a voltage as 1.0 V produces a forward current of about 50 mA. A burnout is
likely to occur if forward voltage is increased beyond a certain safe limit, fig.(2.2a).

i

(a) (b)
Figure 2.2 (a) Forward Bias and (b) Reverse Bias
When the diode is reverse-biased, majority carriers are blocked and only a small
current (due to minority carriers) flows through the diode. As the reverse voltage is
increased from zero, the reverse current very quickly reaches its maximum or
saturation value I, which is also known as leakage current. It is of the order of

nanoamperes (nA) for Si and microamperes (LA) for Ge. The value of |, (or Is) is

independent of the applied reverse voltage but depends on (a) temperature, (b)
degree of doping and (c) physical size of the junction.

14



Fig. 2.3 shows the static voltage-current characteristics for a low-power P-N
junction diode.
As seen from Fig. 2.3, when reverse voltage exceeds a certain value

called break-down voltage Vg, (or Zener voltage Vz), the leakage current

suddenly and sharply increases, the curve indicating zero resistance at this
point. Any further increase in voltage is likely to produce burnout unless
protected by a current-limiting resistor.

When P-N junction diodes are employed primarily because of this
breakdown property as voltage regulators, they are called Zener diodes .

mA

Forward

75 Characteristic

25

Current due to
Majority Carriers

| |

Break Down

Current due to
| Minority Carriers

— P — 100 l
A

— 150

Reverse
Characteristic

— 200A

Fig. 2.3 Static VVoltage-Current characteristics for a low-power P-N junction
diode.

1. Equation of the Static Characteristic
The volt-ampere characteristics described above are called static characteristics
because they describe the d.c. behavior of the diode. The forward and reverse
characteristics have been combined into a single diagram of Fig. 2.3.
These characteristics can be described by the analytical equation called Boltzmann
diode equation.

15



el
=1 (QE _|) ampere

where I, = diode reverse saturation current
V' = voltage across junction - positive for forward bias and negative for reverse bias.
k = DBoltzmann constant = 1.38 x 107 J/K
T = crystal temperature in °K
n =1 — for germanium
=2 — for silicon

Hence, the above diode equation becomes
I =1 P, —for germanium
I=1 -1y — for silicon

Now, e/k =11,600 and putting /11,600 = V7, the above equation may be written as
I=1, (811_600%‘111’_ =1, (eV""nVT — 1) ampere
Now, at room temperature of (273 +20)=293°K, V';=293/11.600=0.025 V=25 mV. Substituting

the value of . we have

I = I, Y — for Ge

_ 40 ¥ . .

= [I,e —1f 7 =1 volt
I = 1,7 H — for Si

= Ioezoy —1f 7 =1 volt

We may also write the above diode equation as under

I = I, FM7r— Y — forward bias

= I, (e "R'MVr— 1 — reverse bias

Example 52.1. Using approximate Boltzmann'’s diode equation, find the change in forward bias
for doubling the forward current of a germanium semiconductors at 290°K.

(Basic Electronics, Osmania Univ. 1993)
Solution. The approximate Boltzmann’s diode equation is given by I =1, exp (e V/kT)
I, = Iexp(eV/kT)and L, =1 exp (eV,/kT)

I e
I_1 = exp [E (VZ_VI)]
ir (1 I
or r,-r) = o In [ITJ =251n (Ij} mV
Since L, =2 o L/I=2

(V,=V,) =25In2=25x0.693=17.3 mV

16



Example 52.5. Find the current through the 20 £ resistor shown in Fig. 52.6 (a). Each silicon
diode has a barrier potential of 0.7 V and a dynamic resistance of 2 . Use the diode equivalent
circuit technique. (Semiconductor Devices, Gujarat BTE, 1993)

Solution. In Fig. 52.6 (b) each
diode has been replaced by its D 0.7V
equivalent circuit. It 1s seen that diodes |
D, and D, are forward-biased by 5 V DY D, A 2
battery whereas D, and D, ate reverse-
biased. Hence, the current will flow "0
from point 4 to B, thento Cvia20Q 35V M— T B
resistance and then back to the negative 0V— —>
terminal of the 5 V battery.

| T.h.e net voltage m the equivalent D A A |
clreuit1s

Vo=5-07-07=36V SN

net

Total resistance seen by this net @ | (b)
voltage 1s
R, =2+20+2=240 Fig. 26
The circutt current [ =V, /R;=3.6/24=0.15A

2-1-4: Junction Breakdown :

If the reverse bias applied to a P-N junction is increased, a point is reached when
the junction breaks down and reverse current rises sharply to a value limited only
by the external resistance connected in series with the junction (Fig. 2.4).

This critical value of the voltage is known as breakdown voltage (Vgg). It is found that

once breakdown has occurred, very little further increase in voltage is required to
increase the current to relatively high values. The junction itself offers almost zero
resistance at this point.

The breakdown voltage depends on the width of the depletion region which, in turn,
depends on the doping level.

17



mA

I |
/ ! F 75
-‘._13.’- .‘;.\_ T
- & G -
w\' Reverse Voltage 25 |-
| |
y (

T

- —%0 —%0

| |

1.0V 0.5 0

- Forward

Si l
£ ~ 50

(@) ? ’ (b)

Ge - 75

~ 100 A

Fig. (2-4).(a) Zener Diodes,(b) Break down of the diode

The following two mechanism are responsible for breakdown under increasing
reverse voltage:

1. Zener Breakdown

This form of breakdown occurs in junctions which, being
heavily doped, have narrow depletion layers. The breakdown voltage sets up a very

strong electric field (about 108 V/m) across this narrow

layer. This field is strong enough to break or rupture the covalent bonds thereby
generating electron-hole pairs. Even asmall further increase in reverse voltage is capable
of producing large number of current carriers. That is why the junction has very low
resistance in the break-down region.

2. Avalanche Breakdown

This form of breakdown occurs in junctions which being lightly-doped, have wide
depletion layers where the electric field is not strong enough to produce Zener
breakdown. Instead, the minority carriers (accelerated by this field) collide with the
semiconductor atoms in the depletion region. Upon collision with valence
electrons, covalent bonds are broken and electron-hole pairs are generated. These
newly-generated charge carriers are also accelerated by the electric field resulting in
more collisions and hence further production of charge carriers. This leads to an
avalanche (or flood) of charge carriers and, consequently, to a very low reverse
resistance. The two breakdown phenomena are shown in Fig. 2.4.

18



2-2: DC Analysis of Diode Circuits:

We’ll now move on to the DC analysis of diode circuits.
Let’s consider this very simple diode circuit :

I+ Va-
S A
R Vp

Voo %P DY

Fig. (2-5). Simple diode circuit

We will assume that the diode is forward biased. Using KVL.:

Voo O IR OV, ()
From the characteristic equation for the diode

VD

[=IsewrT -1 ... (2)

Assuming n, I, and V5 are known, we have two equations for the two unknown
quantities VD and I. Substituting (2) into(1):

VD

VD=VDD—I5R[eW-1 ] ........ (3)

which is a transcendental equation for V. There is no simple analytical solution to
this equation.

So how do we solve such a circuit problem? Over the next couple of pages we’ll
mention five methods.

19



1. Graphical Analysis. Begin with the diode i-v characteristic curve:
i

(3.1)

—

%
Fig. (2-6 ). Forward I/V characteristics of the diode

From eq.(1), we can rearrange the equation in terms of | to also plot above.
That is, from eq.(1) we got :

VDD VD
|l=—-— ... ®
R R

which is an equation for a straight line (y = b + mx):
[

Vppo/R
bb . Slope=-1/R

v
VDD

Fig. (2-7). Load line of the diode

We call this straight line the load line.
Now, plot both of these curves on the same graph:

:

Vo
R

Diode characteristic

O
(operating point)

-

Load line
1

! .I)/)

ol

I
|
|
)
|
1 e
\‘I; T

(Fig. 2.8).The operating point Q
The point where these two curves intersect is the simultaneous solution to the two

equations (1) and (2).

This graphical method is an impractical solution method for all but the simplest
circuits. However, it is useful for a qualitative understanding of these circuits.

20



2. Computer Simulation packages: There are many computer simulation programs,

such as : SPICE, Agilent’s Advanced Design System (ADS), etc. Here is a simple example
using ADS:
7

1.43m 2V

R1

1.43 mA
-1.43 mA R=1kohm

D1
+ | v_DC SRC1

Vdc=2.0V

= N

t

Fig. (2.9). Solution using computer simulation program (ADS)

3. Numerical methods. Use MATHEMATICA, MATLAB, MATHCAD, etc. Here is a
simple example from MATHCAD

Solving a Nonlinear System of
Eqguations for Diode Circuit

Enter the values of the circuit components and the characteristics of
the diode: D
R:= 1000  Vppi= 1.0 Ig:=100 "7  n:=105  Vyi= 0.025
——
Enter guess values for the two unknowns: 1o
= e
V= 0.7 Ip = 0.001
D D v,
N op D Vo
Enter the two equations:
Given
Fig.(2-10

Note: Use the symbolic
equals sign [Ctrl]=to

( Vp \i
oV
ip=igle & -1J

«}ec = Find(VD, iD)

X {0694
Solution: vee = | a
1 3.058 x 10

define equations within the
Solve Block.

N = \!D
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4, [lterative analysis. As we will see later.

5. Approximate analysis. This is by far the most widely used approach for hand
calculations. The two models are shown below :

Approximate Diode Circuit Solutions

There is often a need for us to perform design with pencil and paper. Remember: simulation
packages don’t design for you, they only analyze circuits. There’s a big difference between
design and analysis!

There are two very important approximate diode models that allow easier paper designs:

a). Constant-Voltage-Drop (CVD) Model.
b). Piecewise Linear (PWL) Model.

a). Constant-Voltage-Drop (CVD) Model

In this model, the characteristic curve is approximatedas:

> A
(mA)
12 -
= E I 1 |
10 Ll LLine B —
(vertical)
O
8
7 = 5NN
o
5
a
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= (horizontal)
l 3
. _
O 0.2 0.4 0.6 ,1\ 0.8 1.0 U CV)
Ve

Fig. (2-11).The diode characteristics of CVD model

In words, this model says that if the diode is forward biased, then the voltage drop across
the diode is Vp. If not forward biased, the diode is then reversed biased and the current is
zero and VD can be any value < Vp,.

Vp is often set to 0.7 V for silicon diodes, as shown above, while set to 0.2 V for Schottky
diodes, for example.
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The CVD circuit model for diodes is

._—.._.*_.

o

. Qz Ideal

=

. -———-_ l-‘lrll — {}. —llr 1".-'..
o

Fig.( 2-12). The CVD circuit model for the diode.
This is probably the most commonly used diode model for hand calculations.

Example N2.1. Determine the current / in the circuit below using the CVD model and
assuming a silicon diode.

I R=1kQ L R-1kQ
A
My
Vop= Ideal
y O b O :) v
Fig.( 2-13). Fig.( 2-14).

Using the CVD model of Fig.(2-13) the equivalent approximate circuit is shown in
fig.(2-14): Assuming the diode is forward conducting (i.e., “on”’) with Vp =0.7 V and
using KVL (Kirchhoff's Voltage Law)in this circuit :
2=IR+Vp
Or: | =(2-Vp)/ R =(2-0.7)/1000 = 1.3 mA
The positive  value of this current indicates our  original

assumption that the diode is “on” is correct.
What is the value of | if Vpp =0.5 V? By KVL again,

| =(0.5-Vp)/ R =(0.5-0.7)/1000 = - 0.2 mA

Since | is negative, then D must be reversed biased. This means our initial forward
conducting assumption was incorrect. Rather, in this situation | =0 and Vp = 0.5 V.
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b).Piecewise Linear (PWL) Diode Model

This is a “battery plus internal diode resistance model.” It is one step better than the CVD
model by incorporating a slope to the interpolative line:

> A
C(mA)
12
11 I l I I l
10 — Ehe Expanciial. e [ I Straight line B
L’ characteristic [A—r‘———— oy R 1
| . _ BEs >
=
2 4
(53
S
4 /]
3 /]
2 | Straight line A
1 | 1 1 I
i - _
O 0.2 0.4 0.6 \ 0.8 1.0 s OV
VvV,

(Fig. 2-15).The I-V characteristics of the diode
The finite slope to this curve (Fig. 2-12) means that the diode has a non- zero internal
resistance, which we will label as rp. The equivalent circuit for the PWL diode model is as
shown in fig.(2-13).

(Fig. 2-16). The equivalent circuit Tor the PWL diode model

Example N2.2. Determine the current | in the circuit below using the PWL diode model
shown in Fig. (2-17).

[ R-1kQ
AW N
Vo= DY 7,
2V P
Fig. (2-17).

From Fig. (2-17), we can determine Vpgand rp for the particular diode whose
characteristic equation is shown:

" Vpy=0.65V

e p=run/rise=(0.9-0.65)/12x10° =20.80
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The equivalent circuit using the PWL model of the diode is then as shown in fig.(2-18).

R=1k  |Q 4
* deal Vyeal
Voo=2V (5 Ve (V0o=0.65 V
5=20.8 O
Fig. (2-18).

Assuming the diode is “on,”, then by KVL:
2 =1x1000 + 0.65 + 20.8x |

or 1 =1.32 mA.

This is close to the 1.3 mA we computed in the last example using the cruder CVD model.
Again, the positive value of this current indicates that we made the correct choice that the
diode is “on.”

What’s the forward voltage drop across the diode?
Vp=2-1000 x 1.32x10° = 0.68 V

Is this enough to turn the diode on? Yes, referring to the
equivalent circuit above.
Vigeal = Vp — 0.65 — 20.8 X 1.32x10° = 0* V

2-3: Applications:

Rectifier Circuits

Conversions of AC to DC for DC operated circuits

Battery Charging Circuits

Simple Diode Circuits

Protective Circuits against Over current, Polarity Reversal and
Currents caused by an inductive kick in a relay circuit

Zener Circuits

Overvoltage Protection

8. Setting Reference Voltages

R

~N o
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2-3-1: Half-wave and Full-wave Rectifier:

Half Wave Diode Rectifier (HWR):

Since diodes restrict the flow of current to one direction, they can be used to convert an
AC power supply, which switches polarity from + to - many times a second, into a straight
DC supply.

The simplest rectifier uses one diode, like this:

Signal
Signal M R
Source

Fig.(2-19 ).Half- wave Rectifier

Called a half-wave rectifier, this circuit takes an AC signal in and chops off anything that
falls below 0 Volts.

Signal In: Signal Out (Half-wave):

I ANVANN/ANrAN
VARV

Fig.(2-20).The input and output waveforms of the HWR

- C

The half-wave rectifier is used in AM radios to rectify the signal. But for a rectifierin a
power supply, it leaves something to be desired -- we lose half the power! Luckily, we can
do better.

Full Wave Rectifiers (FWR):

The circuits which convert the input alternating current (AC) into direct current (DC) are
referred to as rectifiers. If such rectifiers rectify both the positive as well as negative pulses
of the input waveform, then they are called Full-Wave Rectifiers. Figure (2-21) shows
such a rectifier designed using a multiple winding transformer whose secondary winding is
equally divided into two parts with a provision for the connection at its central point (and
thus referred to as the centre-tapped transformer),
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two diodes (D; and D) and a load resistor (R.). Here the AC input is fed to the primary
winding of the transformer while an arrangement of diodes and the load resistor which
yields the DC output, is made across its secondary terminals.

Centre-Tap Terminal of
the Transﬁ:rmer

AC In:-utEH VA
Du G'ut:-ut

Primary Windingﬂ
of the Transformer
Secondary Wlndlng

of the Transformer

Fig. (2-21). Full-Wave Rectifier Circuit

The circuit can be analyzed by considering its working during the positive and the
negative input pulses separately.

Figure (2-22 a) shows the case where the AC pulse is positive in nature i.e. the polarity at
the top of the primary winding is positive while its bottom will be negative in polarity.
This causes the top part of the secondary winding to acquire a positive charge while the
common center-tap terminal of the transformer will become negative.

D,

+—N—.

+ -
R,
AC Input W AC Input
- DC Qutput

-

Fig.(2-22 ). Conduction path of Full-Wave Rectifier for (a) positive input pulse, (b)
negative input pulse

This causes the diode D; to be forward biased which in turn causes the flow of current
through R along the direction shown in Figure 2a. However, at the same time, diode D,
will be reverse biased and hence acts like an open circuit. This causes the appearance of
positive pulse across the R, which will be the DC output. Next, if the input pulse becomes
negative in nature, then the top and the bottom of the primary winding will acquire the
negative and the positive polarities respectively. This causes the bottom of the secondary
winding to become positive while its center-tapped terminal will become negative. Thus,
the diode D, gets forward biased while the D; will get reverse biased which allows the
flow of current as shown in the Figure 2-22b.
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Here the most important thing to note is the fact that the direction in which the current
flows via R will be identical in either case (both for positive as well as for negative input
pulses). Thus, we get the positive output pulse even for the case of negative input pulse
(Figure 2-23), which indicates that both the half cycles of the input AC are rectified.

AC Input

DC Output
(Pulsating Form)

Fig. (2-23). input and output waveforms of the Full Wave Rectifier

Such circuits are referred to as:
(i)  Centre-Tapped Full Wave Rectifiers as they use a centre-tapped transformer,
(i)  Two-Diode Full-Wave Rectifiers because of the use of two diodes and/or
(ili)  Bi-Phase Circuits due to the fact that in these circuits, the output voltage will be
the phasor addition of the voltages developed across the load resistor due to two
individual diodes, where each of them conducts only for a particular half-cycle.
However as evident from Figure 2-23, the output of the rectifier is not pure DC but
pulsating in nature, where the frequency of the output waveform is seen to be double of
that at the input. In order to smoothen this, one can connect a capacitor across the load
resistor as shown by the Figure (2-24). This causes the capacitor to charge via the diode
D; as long as the input positive pulse increases in its magnitude. By the time the input
pulse reaches the positive maxima, the capacitor would have charged to the same
magnitude. Next, as long as the input positive pulse keeps on decreasing, the capacitor
tries to hold the charge acquired (being an energy-storage element).

>
/WU/\OWEE, e
(with Ripples)

»| CSR| WYY T T~
D.

Fig. (2-24 ). Full Wave Rectifier with RC filter

However, there will be voltage-loss as some amount of charge gets lost through the path
provided by the load resistor (nothing but discharging phenomenon). Further, as the input
pulse starts to go low to reach the negative maxima, the capacitor again starts to charge via
the path provided by the diode D, and acquires an almost equal voltage but with opposite
polarity. Next, as the input voltage starts to move towards 0V, the capacitor slightly
discharges via R... This charge-discharge cycle of the capacitor
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causes the ripples to appear in the output waveform of the full-wave rectifier with RC
filter as shown in Figure 2-24.

Further it is to be noted that the two-diode full-wave rectifier shown in Figure 2-21 is
costly and bulky in size as it uses the complex center-tapped transformer in its design.
Thus, one may resort to another type of full-wave rectifier called Full-Wave Bridge
Rectifier (identical to Bridge Rectifier) It also offers high power applications. However it
IS to be noted that the full wave bridge rectifier uses four diodes instead of two.

The half-wave rectifier chopped off half our signal. A full-wave rectifier does more
clever trick: it flips the - half of the signal up into the + range. When used in a power
supply, the full-wave rectifier allows us to convert almost all the incoming AC power to
DC. A full-wave rectifier uses a diode bridge, made of four diodes, like this(fig.2-25):

Oat.

Fig. (2-25). Full-wave bridge rectifier
At first, this may look just as confusing as the one-way streets. The thing to realize is
that the diodes work in pairs. As the voltage of the signal flips back and forth, the
diodes let the current to always flow in the same direction for the output.
Here's what the circuit looks like (fig.2-26) to the signal as it alternates:

e e

Fig. (2-26). Current flow for the positive and negative parts of the input signal
So, if we feed our AC signal into a full wave rectifier, we'll see both halves of the wave
above 0 Volts. Since the signal passes through two diodes, the voltage out will be lower
by two diode drops, or 1.2 Volts, (fig.2-27).

+5U<‘
AC Wawve In: o

-

+5v<‘
- e A PR Ay +3= 8% —
A0 Wawve Out (Full-Wawve Rectified): o

N

Fig. (2-27 ).Input and Output waveforms of the Bridge Rectifier
If we're interested in using the full-wave rectifier as a DC power supply, we'll add a
smoothing capacitor to the output of the diode bridge.
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More Examples on Rectifiers
(From Boylestad)

(a) Sketch the output v, and determme the dc level of the output for the network of EXAMPLE 2.18
Fig 248

(b} Fepeat part (a) if the 1deal diode 15 replaced by a silicon diode.

(c) Repeat parts (2) and (b) if I, 13 increased to 200 V and compare solutions using
Egs. (2.7) and (2.8).

LY, + I ' 2
"'ZI v
¥ EZ21E0
A a q
! "'l.. ,.I T - L ~  Figure 2.48 MNetwork fior Exam-
- ple 2.18
Solution

(2) In this situation the diode will conduct dunng the negative part of the mput as
shown m Fig. 2.49, and v, will appear as shown in the same figure. For the full
peried. the de level 15

e = —03187, = —031820V) = —6.36 V

The negative sign indicates that the polanty of the output is opposite to the defined
polanty of Fig. 2.48.

[ — I‘ + ¥,
75 n l ¥

[\ .

—t . 1k0 - —
NIRE t ol I r v/ f
T\ : \/

-0 - ]

Figure 2.49 Resulting v, for the drcuit of Bxample 2.13

-

(b} Using a stheon diode, the output has the appearance of Fig. 2.50 and
we = 03181, - 07V) = 0318193 V) = -6.14 V¥ %

The resultmg drop n de level 15 0.22 V or about 3.5%.
() Eq. 2.7): Vg = —0318F, = —0318200V) = —636 V

Eq. 28): Vi =-0318(F, — V) = - 0318200V - 0.7 V) o IV 7T V7 @
= —(0318)(1993V) = -63.38 V I |V
which 15 a difference that can certamly be 1znored for most applications. For part ¢ \"a__'_ o
the offset and drop m ampllmde due to 7', would not be discemnible on a typical os- Av-nrv=
EI]lDEL‘DpE if the full pattern 15 d15pla}ed Figmre 3.50 Efect of ¥y on out-
put of Flg 2.49
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Determune the output waveform for the network of Fig. 2.63 and caleulate the output EXAMPLE 2.19
de level and the required PIV of each diode.

, o
¥, +
10V
ol 1\ [T
)
Figure 2.63 Bridge network for
Example 2.19.
Solution

The network will appear as shown i Fig. 2.64 for the positive region of the mput
voltage. Redrawmg the network will result m the configuration of Fig. 2.63, where
v,=yal, =iF, =3{10V)=3V, as shown m Fig. 2.63. For the negative
part of the mput the roles of the diodes will be inferchanged and v, will appear as
shown i Fig. 2.66.

Figure 2,64 MNetwork of Fig. 2.63 for the positive Figure 2.65 Redrawn network of Flg, 2.64.
regon of v,

The effect of removing two diodes from the bndge confizuration was therefore to )
reduce the available dc level to the followmg:

Vi = 06363 V) = 318V f\f\ |
| W
I It
]

or that available from a half-wave rectifier with the same mput. However the PIVas 7
determmed from Fig. 2.38 15 equal to the maximum voltage across R, which1s 3V
or half of that required for a half-wave rectifier with the same mput.

Figure 2.66 Resulting output
for Example 2.19.
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2-3-3: DIODE CLIPPING and CLAMPING CIRCUITS:

1. Basic Description

As you know, diodes can be used as switches depending on the biasing type, reverse or
forward fig.2-28). The clipping circuit, also referred to as clipper, clips off some of the
portions of the input signal and uses the clipped signal as the output signal. The clamping
circuit or clamper keeps the amplitude of the output signal same as that of the input signal
except that the D.C. level (offset) has been changed. The clamper through which the input
waveform shifts to positive direction is called positive clamper, otherwise, is called negative

clamper.

Forward turning-on Reversely turning-off
i —6 o—
Switch is closed Switch is opened

Fig. 2.28 — Ideal Diode — Switch Terminology

2. Clipper Circuits
There are two types of clipper circuits, the series and parallel diode clipping circuits.

2-a).Series Diode Clipping Circuit

In these type of circuits, the diode is connected between the input and output voltage
terminals (Fig 2.29)

Vm
Ei t
Eo t
-~

~ =
~ i
- )
oO—o
Ei % iEO Ei % Eo

Fig. 2.29.Negative Clipping circuit.

As Fig.2.29 reveals, the negative cycle of the input voltage can be clipped of by this type
of series clippers. Reverse of the diode pins yields to a positive cycle clipping circuit as
shown in Fig. 2.30.
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T T

Fig. 2.30. Positive Clipping circuit.
Previous circuits clip the values larger or smaller than zero voltage. This voltage, technically
called “threshold voltage” and can be changed to a desired value by inserting a D.C.
voltage source. This is achieved in two different ways.
In the first type, the voltage source of En ( positive or negative) is connected through output
terminals as in Fig. 2.31. Depending on the diode connection (normal or reverse), the values

smaller (Fig.2.31.a) or greater (Fig.2.31.b) than Enm is clipped and assigned as Ey,. .

Ei t

Ei R 'Eo ' E'“QVAV_"
E i Em

5 I t

Eo E Qvﬂv_..

b

Fig. 2.31.First type of Threshold Series Clipping Circuit

Note that if Em is negative, ( where the voltage source is reversely connected) again the
values smaller or larger than this negative value is clipped, do not get confused.

In the second type of threshold series clipping ( fig.2-32), the voltage source is applied
between the input and output terminals, series with the diode. This time, the clipped values
are assigned to zero and the net output voltage equals to the difference between the input
and threshold values.

(If Em is negative, then: Eo=E—En =E +|En| )
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Fig. 2.32.Second type of Threshold Series Clipping Circuit

2.b). Parallel Diode Clipping Circuit

In this type of clippers, the diode is connected between output terminals. The on/off state of
diode directly affects the output voltage (figs.2-33,34). These types of clippers may also
have a non-zero threshold voltage by addition of a voltage series with diode. Following
figures 2-33, 2-34 illustrate the clipping process.

Em

= P!

Em
R E t
o B S
Ei R, Eo iyl
b E, :

Fig. 2.33 . Zero Threshold Parallel Clippers

Em*

R t

AN — T & QWQW_—

" %%RLEO@EHE ;
N X o v
R a Em‘ )

< E:

e o o B e

Ei < RL o : : ;

- TE L Eo -E \_//-\\_/ -t

Fig. 2.34. Threshold Parallel Clippers
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Summary

Biased Parallel clippinq circuits

Comparison table of output voltage shapes
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3. Clamper_Circuits
Clamper Circuits, or briefly clampers are used to change the D.C. level of a signal to a
desired value.( Fig 2.35).

>y | Positive > T ___ E ___ f
< |Clamper -

>y [Mezative Y
# |Clamnper -

Fig 2.35. Inputs and outputs of positive and negative Clamper Circuits

Being different from clippers, clamping circuits uses a capacitor and a diode connection.
When diode is in its on state, the output voltage equals to diode drop voltage (ideally zero)
plus the voltage source, if any. Now let us examine the clamping process for the circuit in
Fig. 2.36.

= 0 | .-t Ei Eo

o o d

Fig 2.36. Typical Clamping Circuit
This circuit, in fact, is a series R-C circuit. The resistance of diode ( several ohms
above its drop voltage) and the small capacitance yield to a small time-constant for this
circuit. This means that the capacitor will rapidly be charged if any input voltage, that is
enough to switch on the diode, is applied. The diode will conduct during the positive cycle
of the input signal (Fig. 2.37-a ) and output voltage will be ideally zero ( in practice this
voltage equals ~0.6 V).

) Eo (3) (b)

RIS P

Fig 2.37. Diode conducts during (a)positive cycle and switched off(b) during negative
cycle
Note that during positive cycle the capacitor is rapidly charged in inverse polarity
with the input voltage. After transition to negative cycle, the diode becomes to its off state.
In this case, the output voltage equals to the sum of the input voltage and the voltage across
the terminals of the capacitor which have the same polarity with each other.(Fig 2.37-b).
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Eo=-(|Ei|+]|EC])

The resulting signal after a complete cycle is shown below ( fig.2-38).

A

o Pe—

s
=—men

Eo o I E——

Fig. 2.38.Input and output waveforms of the Clamper
By this process, the input signal is shifted to negative D.C. value (its maximum value is
ideally zero) without any change in its amplitude ideally.

There exist again modified versions of this circuit in which a threshold value is inserted for
clamping. Following figures( fig 2-39 and fig.2-40) illustrate these modifications and

resulting outputs.

i
Ei | t
” 9 . - 1 | T
Ei %E ~fEO -~ i i —t
E Eo
. T } L
4
cfr i Ei o -__t
i '
| ) t
Ei % - Eo Eo _g - —
o T o i i -

Fig.(2-39).one version of clfmping circuits

el o Vi t
0 ———
Wi %f Vo
E | [P W ST

_G
- | + . - Ei - __t
Ei Eé%__ Eo t
<> T T - Eo -E : -

Fig. 2.40. Another version of clamping circuits
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Summary

Biased Parallel Clamping circuits

Comparison table of output voltage shapes
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Some Examples from Boylestad Book

Example : 2-20:

Detenmime the cutput wavefiorm fior the network of Fiz. 2.74.

" V=5
| .
—
Y i —_||I * > l
. o g
T 8N {
I
= I o Figmre 274 Senes cdapper for
Exarmple 220,
Solution

Past expenence suggests that the diode wall be m the “on™ state for the positive re-
gron of v,—especially when we note the mding effect of = 5 V. The network wall
then appear as shown 1 Fig. 2.75 and v, = v + 3V Substiubng iy = 0 at v = 0 for
the transiion levels, we obtzin the network of Fig. 2768 and v, = —5 W

=

e

=

Figmre X_75
the “on” siate.

v, with diode in

Figare 2.76 Determuning the
transeion level [or the clipper of

Fig. X.7%.

For v, more megative than —35 WV the diode wnll enter its open-corowmt state, wiole
for volizges more positive than —35 WV the dicde 15 1o the short-cirewt state. The imput

and cuiput volizges appear m Fig. 2.77.

¥

ri___ e ='|"'_E'I'
/\ Ly v

-3V

Fipure X.77

T_ ¢
N
Trasitiom

vologe

o

Skeiching v for Example .30
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Repeat Example 220 for the suae-vave gt of Fig, 2T EXAMPLE 221

T :f
— | Figure 178 Apphed signal e
Fumple 121

Solution

Farv, = 20V {0 = ') the network of Fig. 2.79 wall result. The diode 15 m the short
curcut stafe and v, = 20V + 5V =25V Farv, = - 10V the network of F1z. 280
will result, placmg the diode m the “off state and v, = fpR = (IR =0V The re-

sulting output voltaze appears i Fig. 281,
| )( — |
- -
- W Hy
Y= Row=lV
- - 0y
- - of o1
{ ' i} I
Figure 179 watw=+2V Figure 180 voaty=- 10V Figure 281 Skeiching v, for
Example 221

Note in Example 221 that the cliper not culy chipped off 5 V from the ot
swing bt v the e el of the sl by 5
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EXAMPLE 2.2

I'H-U'.I
o AR -
+ "t
imlA
] =0y
1I
+

Figmre 285 Delermining the
iransition level for Example 272,

=iV

+ 5

N = +
=0

L.I ¥ L-HI'
- ]' -

o

Figmre 186 Delermining ¥, for
the open staie of the diode.

Deatermine v, for the network of Fig. 2.83.

A T
Iﬁ-?\,
r"’ % '

Ih_“"l:‘.yf | l’T-HI.

o Fignre LBl Famplk 171

Solution

The polarity of the dc supply and the direction of the dinde strongly mzzest that the
dinde will be m the “on” state for the negative region of the mpat sizmal. For this re-
giom the network will appesr as shown in Fiz. 284, where the defined terminals for
V, Tequire that v, = F=4V

¥ v om =gy

Figure 1.84 ¥, [or the negpiive
region of v,

The fransifion state can be determined from Fig 2.85, where the condition i, =
0 A at vy = 0V has been miposad. The result 15 v, (ransition) = F=4 V.

Since the do supply is obwiously “pressuring” the diode to stay in the shom-
cincuit state, the mpuf voltaze nmst be greater than 4V for the diods to be n the “off”
state. Amy mput voltage less than 4 V will result in 3 short-cinonited diode.

For the open-cirouit state the network will appear as shown in Fig, 2 86, whem
v, =V, Completing the sketch of v, resnlts in the waveform of Fiz. 2.87.

rI

:6--
A.- - A ¥ tranagiion leeed

ANER

I6Y h-m i
I11-“'/\1 l .
T

Figure 187  Skeiching v, for
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Repeat Example 2 2} using a stheon diode wnth Fr= 0.7 V.

Solution

The transihon voltage can first be determuned by apphing the condibon iy =0 A at
vy = Fp= 0.7V and obtaimng the network of Fiz. 2.88. Apphving Kirchhoff's volt-
age law around the cutput loop m the clockwise direction. we find that

v+ V- F=0
and b =F-V=4V-07V=33V
p=igh =iy R= W E=0Y

R

iy=0A I
Y nw)
I -+
+ I 188 Det th
" av ipre 1. ermining the

= T_ ~  transition level for the netwods of
# Fig. 283,

+

L

For mput voltages greater than 33 V, the diode wall be an open cirewt and
v, = ¥, For mput voltages of less than 3.3 V), the diode wall be i the “on” state and
the network of Fig. 2.589 results, where

v, =4V-07V=33V

Iy

*—W- II

+ # i
R
iy

RO

Figure 289 Determining v, for
the diode of Fig. 2.63 in the "on”
statr,

The resultng output waveform appears m Fig. 290, Note that the only effect of I
was to drop the tran=stion level to 3.3 from 4 V

6% -

11y -//\-,—‘

0 T r ¢ Figure 290 Skeiching v, for
3 Example 223.

There 15 no question that includmg the effects of Fr-will comphicate the analysis
somewhat, but once the analysis 1z understood with the 1deal diode the procedure,
meluding the effects of Iy, will not be that diffieult
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Summary of Clipping Circuits

Simple Senes ( ippers deal Dhod
POSITIVE NEGATIVE
o . o <
< 2
'0 ," " L “’ ‘;a
1' q'

Y. v
pr— po——
+ -
* I -
» OF v .1. % 0
WV L <3 -‘ " i ety U ]
V)
Y,
v ‘) v ‘D =V
v re - v ; '
. ’ “' L
- ) - mmmneee ! v /
’ R I 7 A : it ;
-~V

Simple Parablel Chpps (ldenl Thad

Humsed Paralie) Chiprs SRS

-

oy,

v, H.')lv,l
Wl
_"’h- !

Figure 291 Clipping circuts.
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Some Examples from Boylestad Book
Examples on Clamping circuits:

EXAMPLE 2.24 Determine v, for the network of Fig. 2.96 for the input indicated.

K S = 1000 Hz
. =1pF

-+ o
—_—
—

|
L]

i kg okl

¥ .[ iv

1| S—

L=

Figure 2.96  Applied signal and network for Example 2.24.

C Solution
- = \" + 1 + Note that the frequency 15 1000 Hz, resulting 1n a period of | ms and an interval of
0.5 ms between levels. The analysis will begin with the period , — t, of the mput
0y o R signal since the diode 15 n its short-circuit state as recommended by comment 1. For
vl gy this interval the network will appear as shown 1 Fig. 2.97. The output 15 across R,
» _'[' ‘ but 1t 15 also directly across the 3-V battery 1f you follow the direct connection be-
e ¢ ; ¢ tween the defined terminals for v, and the battery termunals. The result 5v, =3V
Figue .97 Determining v, nd for this mterval. Applying Kirchhoff's voltage law around the mput loop will result i
V.- with the diode in the “on” ~0V+V.-5V=0
slale.
and V=2V

The capacitor will therefore charge up to 23 V, as stated m comment 2. In this
case the resistor R 1s not shorted out by the diode but a Thevenmn equivalent circuit
of that portion of the network which includes the battery and the resistor will result
i Ry, = 0 Q) with E, = =3V For the period £, — #; the network will appear as
shown 1 Fig. 2.98.

The open-circut equivalent for the diode will remove the 3-V battery from hav-
g any effect on v,, and applying Kirchhoff's voltage law around the outside loop of
/ the network will result

FI0V+2V-y,=0
Figure 2.98  Determining v,

with the diode in the “off” state. and v,=3V
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The time constant of the discharpng neterodk of Fiz. 2.98 15 deteroumed by the

product BC and has the magpminde
r=RC= (100 k(K01 pF) = 0015 =10ms

The total discharge time 15 therefore 5+ = H10 ms) = 50 ms.
Since the mterval £, — ¢y will only last for 0.5 o, it 15 certainly a zood approcoma-
tion that the capacitor will hold its voltaze during the discharge penod between pulses
of the imput signal. The resulting output appears m Fig. 2.99 with the mput siznal.
Mote that the oufput swng of 30 V matches the mput swing as poted 1o step 5.

hE = — T
i —_—
il | Iy Fy LA ! o I v
g — .1
-0 l- 1 i i 1 Fizure 2.9% v and v, for the
0 i, iy ' Iy f clamper of Fig. 2.96.
Repeat Example 2 24 using a sihcon diode wath Fr= 0.7 V. EXAMPLE 2.25

Solntion

For the short-corewt state the network now takes on the appearance of Fig. 2.100 and
v, can be determuned by Enchhoff's voltage law m the cutput section.

+3IV-0TIV—v,=0

and B=53V-07V=43V
For the mput sechon Eirchhoff's voltaze law will result in
-0V+F-+0TV-5V=0
and Fe=2V-0TV=43V

For the penod 1, — 1y the network will now appear as in Fig. 2. 101, wath the onky
change baing the voltage across the capacitor. Applying Eirchhoff's voltage lawr vields

+10V+ M3V -y, =0
and v,= M3V

-

- g

=

MV

iy [

R
J

Figure 2.101 Detlermining v
with the dicde in the open siate.

45

f_"l.
S31N |
Noiid
L -—

Figure L1030 Detenmoning va

and V- with the dicde in the “on”
slale
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The resulting output appears in Fig. 2 102, venifying the statement that the input and
output swings are the same.

w,
43N —
IMY <
4% —
I I i Figure 2.102 Skewching v, for
o " ' e fa *  the clamper of Fig. 2.96 with a

silicon diode.

Summary of Clamping circuits:

A number of clamping circuits and their effect on the mput signal are shown in
Fig. 2.103. Although all the waveforms appearing in Fig. 2.103 are square waves,
clamping networks work equally well for sinusoidal signals. In fact, one approach to
the analysis of clamping networks with sinusoidal inputs is to replace the sinusoidal
signal by a square wave of the same peak values. The resulting output will then form
an envelope for the sinusoidal response as shown m Fig. 2.104 for a network appear-
ing in the bottom right of Fig. 2. 103.

— o

+ c b +

% ) 1:." X
¥ L

e T =

;

Figure 2.103 Clamping circuits with ideal diodes (57 = 5RC == T/2).
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Figure 2.104 Clamping network with a sinusoidal input

2-4: Review Questions:

Please see the relevant problems in :

"* Electronic Devices and Circuit Theory **, By: Boylestad, R. and Nashelsky, L.,
7™ edition , Chapter -2, page 103-111 .

( The Electronic version of this book is available at Internet and at the department-
for anyone who want it).
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