Chapter One
1- Semiconductor Materials

The label semiconductor itself provides a hint as to its characteristics. The prefix
semi-is normally applied to a range of levels midway between two limits. The
term conductor is applied to any material that will support a generous flow of
charge when a voltage source of limited magnitude is applied across its terminals.
An insulator is a material that offers a very low level of conductivity under
pressure from an applied voltage source. A semiconductor, therefore, is a material
that has a conductivity level some-where between the extremes of an insulator

and a conductor. The following equation (derived from the basic resistance

equation:
_RA_Q(em?) q
P=T " "m cm
If the area A=1 cm? and the length 1 cm then
o] = 1 (1cm)| oh
Pl =P 3 =P oy lPlohms

Germanium (Ge) and (Si) have received the attention they have for a number of
reasons. One very important consideration is the fact that they can be
manufactured to a very high purity level. In fact, recent advances have reduced
impurity levels in the pure material to 1 part in 10 billion (1:10,000,000,000).
One might ask if these low impurity levels are really necessary. They certainly
are if you consider that the addition of one part impurity (of the proper type) per
million in a wafer of silicon material can change that material from a relatively

poor conductor to a good conductor of electricity.
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Intrinsic materials are those semiconductors that have been carefully refined to
reduce the impurities to a very low level—essentially as pure as can be made

available through modern technology.

The free electrons in the material due only to natural causes are referred to as
intrinsic carriers. At the same temperature, intrinsic germanium material will
have approximately 2.5 x 1013 free carriers per cubic centimeter. The ratio of the
number of carriers in germanium to that of silicon is greater than 103 and would

indicate that germanium is a better conductor at room temperature.
2- Energy Levels:

The more distant the electron from the nucleus, the higher the energy state, and
any electron that has left its parent atom has a higher energy state than any

electron in the atomic structure.
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Between the discrete energy levels are gaps in which no electrons in the isolated

atomic structure can appear.

Recall that ionization is the mechanism whereby an electron can absorb sufficient
energy to break away from the atomic structure and enter the conduction band.
You will note that the energy associated with each electron is measured in

electron volts (eV). The unit of measure is appropriate, since
W=QVv eV

Substituting the charge of an electron and a potential difference of 1volt will
result in an energy level referred to as one electron volt. Since energy is also

measured in joules and the charge of one electron 1.6 x 10~1° coulomb,
W =0V =(16x10"C)(1V)
leV = 1.6 x 10719

3-Extrinsic Materials N- And P-Type:

Both the n- and p-type materials are formed by adding a predetermined number
of impurity atoms into a germanium or silicon base. The n-type is created by
introducing those impurity elements that have five valence electrons

(pentavalent), such as antimony, arsenic, and phosphorus.

Fifth valence
/ electron |
of antimony
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Diffused impurities with five valence electrons are called donor atoms.

The p-type material is formed by doping a pure germanium or silicon crystal with

impurity atoms having three valence electrons.

Wosd
$

=

.\"\—

Biron (W)
impurity

4

The diffused impurities with three valence electrons are called acceptor atoms.

In an n-type material the electron is called the majority carrier and the hole the minority

carrier. In a p-type material the hole is the majority carrier and the electron is the

minority carrier.
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4- Semiconductor Diode:

At the instant the two materials are “joined” the electrons and holes in the region of the
junction will combine, resulting in a lack of carriers in the region near the junction. This
region of uncovered positive and negative ions is called the depletion region due to the

depletion of carriers in this region.
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Under no-bias (no applied voltage) (V, = 0 V) conditions, any minority carriers (holes)
in the n-type material that find themselves within the depletion region will pass directly
into the p-type material. Similar discussion can be applied to the minority carriers
(electrons) of the p-type material. As indicated, for(V, = 0 V), the current in any

direction is 0 mA.

V=1 %
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Reverse-Bias Condition (V < 0): If an external potential of V volts is applied across
the p-n junction. Such that the positive terminal is connected to the n-type material and
the negative terminal is connected to the p-type material as shown below, the number
of uncovered positive ions in the depletion region of the n-type material will increase

due to the large number of “free” electrons drawn to the positive potential of the applied
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voltage. For similar reasons, the number of uncovered negative ions will increase in the

p-type material. The net effect, therefore, is a widening of the depletion region.

e [ Pelimominy - caier flosw

The current that exists under reverse-bias conditions is called the reverse saturation

current and is represented by Is.

Forward-Bias Condition (V > 0): A forward-bias or “on” condition is established by
applying the positive potential to the p-type material and the negative potential to the n-
type material. A semiconductor diode is forward-biased when the association p-type and
positive and n-type and negative has been established.
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5- Characteristics of a semiconductor diode:

The general characteristics of a semiconductor diode can be defined by the following
equation for the forward and reverse bias regions:

Ip = I/ — 1)
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where Is reverse saturation current k = 11,600/ with n = 1 for Ge and 2 for Si for
relatively low levels of diode current (at or below the knee of the curve) and 1 for Ge
and Si for higher levels of diode current (in the rapidly increasing section of the curve)
Ty = T, + 273

T den
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The maximum reverse-bias potential that can be applied before entering the Zener
region is called the peak inverse voltage (referred to simply as the PIV rating) or the
peak reverse voltage (denoted by PRV rating). Silicon diodes have, in general, higher
PIV and current rating and wider temperature ranges than germanium diodes.
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6- Resistance Levels:

As the operating point of a diode moves from one region to another the resistance of the
diode will also change due to the nonlinear shape of the characteristic curve.

DC or Static Resistance: The resistance of the diode at the operating point can be found
simply by finding the corresponding levels of Vp and Ip and applying the following
equation:

Vb
R,=-2

The dc resistance levels at the knee and below will be greater than the resistance levels
obtained for the vertical rise section of the characteristics. In general, therefore, the
lower the current through a diode the higher the dc resistance level.

Example 1: Determine the dc resistance levels for the diode of Figure below at

a) I, = 2mA,b) I, = 20mA,c) V, = —10V

(a) At I, =2mA, V,=0.5V (from the curve) and 1y (mAl
Wl
Rp= Yo _ 03V _ 950
ID 2 mA o Silicom
il 3
s
1Y 14 |
' ! -.. "y
pr— 'Eiu.h. 05 mE o V(v

(b) At Ip =20 mA, V,= 0.8V (from the curve) and

Vo 08V
Ry=—=——=400Q
P, T 20mA
(c) At Vp=—-10V,Ip= —I;= —1 pA (from the curve) and
Ry=—2=10Y _ 49 p0
Ip 1pA

AC or Dynamic Resistance: If a sinusoidal rather than dc input is applied, the situation
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will change completely. The varying input will move the instantaneous operating point
up and down a region of the characteristics. A straight line drawn tangent to the curve
through the Q-point will define a particular change in voltage and current that can be
used to determine the ac or dynamic resistance for this region of the diode

characteristics.

Example 2: For the characteristics of Fig. below:
(a) Determine the ac resistance at Ip =2 mA.

(b) Determine the ac resistance at Ip = 25 mA.

where A signifies a finite change in the quantity.

(c) Compare the results of parts (a) and (b) to the dc resistances at each current level.

(a):

and

and the ac resistance:

(b)

and

Al;=4mA - 0mA =4 mA
AV;=076V-065V=011V

Al; =30 mA — 20 mA = 10 mA
AV; =08V —-078V =002V

and the ac resistance 1s

L _AV, 002V _
TTAI, T 10 mA

20
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(¢) For Ip=2mA, V,=0.7V and

RD=E= |:]'_’”J=35[Iﬂ
Ip 2 mA
which far exceeds the r,; of 27.5 ().
For In =25 mA, Vp, = 0.79 V and
Vo 079V
=—== = 31.62 ()
Ip  25mA

which far exceeds the r; of 2 ().

We have found the dynamic resistance graphically, but there is a basic definition in
differential calculus which states: The derivative of a function at a point is equal to the
slope of the tangent line drawn at that point. If we find the derivative of the general
equation for the semiconductor diode with respect to the applied forward bias and then
invert the result, we will have an equation for the dynamic or ac resistance in that region.

d
d VD

(Ip) = %m(e" VolT — )]

d, k
=—(p + I,
dvp, T © s)

and
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al k
If I, > I then —2 = —
avp ~ Tx
Substituting i = 1 for Ge and Si in the vertical-rise section of the characteristics, we
obtain

_ 11,600 _ 11,600
M

k = 11,600

and at room temperature,
T = Te + 273° = 25° + 273° = 298°
k _ 11,600

so that — = 38.93
Tk 298
and dlp = 38931,
dVD

Flipping the result to define a resistance ratio (R = V/I) gives us

dVp _ 0.026
CHD ID
26 my
or rﬂ" = I
D Ge.Si

All the resistance levels determined thus far have been defined by the p-n junction and
do not include the resistance of the semiconductor material itself (called body
resistance) and the resistance introduced by the connection between the semiconductor
material and the external metallic conductor (called contact resistance).

+ rp ohms

The factor rg can range from typically 0.1 Q for high-power devices to 2 Q for some
low-power, general-purpose diodes. If the input signal is sufficiently large to produce a
broad swing, the resistance associated with the device for this region is called the aver-
age ac resistance.

Homework: Repeat example 2 and solve using new equation.
7- Diode Equivalent Circuits:

An equivalent circuit is a combination of elements properly chosen to best represent
the actual terminal characteristics of a device, system, or such in a particular operating
region.
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The ideal diode is included to establish that there is only one direction of conduction
through the device, and a reverse-bias condition will result in the open-circuit state
for the device. Since a silicon semiconductor diode does not reach the conduction
state until VVp reaches 0.7 V with a forward bias, a battery V+ opposing the conduction
direction must appear in the equivalent circuit.

+ Vo -
+ Vi _ Vr I /ldcal diode
— [(BF— = —fF—w—Pp—
— — TV 10Q
Ip Ip

8- Diode Specification Sheets:
Data on specific semiconductor devices are normally provided by the
manufacturer in one of two forms. They include:
1. The forward voltage V¢ (at a specified current and temperature)
2. The maximum forward current I (at a specified temperature)
3. The reverse saturation current Ig (at a specified voltage and temperature)
4. The reverse-voltage rating [PIV or PRV or V(BR), where BR comes from the
term “breakdown”(at a specified temperature)]
5. The maximum power dissipation level at a particular temperature
6. Operating temperature range
Depending on the type of diode being considered, additional data may also be
provided, such as frequency range, noise level, switching time, thermal resistance
levels, and peak repetitive values. If the maximum power or dissipation rating is
also provided, it is understood to be equal to the following product: Pp,,,q0 = Vp X
I,. we can substitute V, = V; = 0.7V for a silicon diode, so that:

Pdissipated = (0-7V)ID

9- Transition And Diffusion Capacitance:
In the reverse-bias region we have the transition- or depletion-region capacitance
(Ct), while in the forward-bias region we have the diffusion (Cp) or storage
capacitance. Recall that the basic equation for the capacitance of a parallel-plate
capacitor is defined by C = €A/d, where is the permittivity of the dielectric
(insulator) between the plates of area A separated by a distance d. In the reverse-
bias region there is a depletion region (free of carriers) that behaves essentially
like an insulator between the layers of opposite charge. Since the depletion width

VY Professor Dr. Mahmood 2018-10-10



(d) will increase with increased reverse-bias potential, the resulting transition
capacitance will decrease. The fact that the capacitance is dependent on the
applied reverse-bias potential has application in a number of electronic systems.

4 C(pF)

15

b
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™

10

Rewverse-bias (C)

5 7

.

Forward-bias (Cp)—]

(V) —-25 =20 —-15 =10 -5 0

10- Zener Diodes:

0.25 0.5

In the Zener region the characteristic drops in an almost vertical manner at a reverse
bias potential denoted Vz. For the semiconductor diode the “on” state will support a
current in the direction of the arrow in the symbol. For the Zener diode the direction
of conduction is opposite to that of the arrow in the symbol. Note also that the polarity
of Vp and V7 are the same as would be obtained if each were a resistive element.

Il
r 3

[ i L
=]

The location of the Zener region can be controlled by
varying the doping levels. An increase in doping,
producing an increase in the number of added

. . . . —i =1 V, ==
impurities, will decrease the Zener potential. Zener x rz ‘
diodes are available having Zener potentials of 1.8 to
200 V with power ratings from 1/4 W to 50 W. © °
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11- Light-Emitting Diodes (LED):

As the name implies, the light-emitting diode (LED) is a diode that will give off
visible light when it is energized. In all semiconductor p-njunctions some of energy
will be given off as heat and some in the form of photons. In silicon and germanium
the greater percentage is given up in the form of heat and the emitted light is
insignificant. In other materials, such as gallium arsenide phosphide (GaAsP) or
gallium phosphide (GaP), the number of photons of light energy emitted is sufficient
to create a very visible light source.

12- Diode Applications:

The applied load will normally have an important impact on the point or region of
operation of a device. If the analysis is performed in a graphical manner, a line can be
drawn on the characteristics of the device that represents the applied load. The
intersection of the load line with the characteristics will determine the point of operation
of the system. Consider the network of Figure below employing a diode with its
characteristics. Applying Kirchhoff’s voltage law to the series circuit will result in

E_VD_ VR=0

E= V,+ IR

If wesetlV, =0V

E=V,+ IR
=0V + IR
E
ID_EVFOV

I

V¢
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If we set I, = 0A

= Vp+ (0 AR

‘ Vp= E|I;,=0A

We now have a load line defined by the network and a characteristic curve defined
by the device. The point of operation is usually called the quiescent point (abbreviated
“Q pt.”) to reflect its “still, unmoving” qualities as defined by a dc network.

In

e Characteristics {device)
Q-point

e Load line (netwoik)

S
g
F

Example: For the series diode configuration of Fig. 2.3a employing the diode
characteristics of Figure below, determine:

(a) VDQ and IDQ-

(b)

Ve

II|_| :I_".III

[

= 10

KWl

\o
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i |:|5'|] 2 1 i L b i K 00 L ¥
)

_E _10V _
Ip= R 'v;,=0v_ 2 k() 10 mA

VD = E1f;)=0A =10V

The intersection between the load line and the characteristic curve defines the Q-point
as

Vpo = 0.78V

Ipg = 9.25mA
(b) Ve=IzR = I R=(9.25 mA)(1 kQ) = 9.25 V
or yg=E—Vp=10V —0.78V =922V

12-1 Series Diode Configurations with DC Inputs:

In general, a diode is in the “on” state if the current established by the applied
sources is such that its direction matches that of the arrow in the diode symbol, and Vp=
0.7 V for silicon and Vp =0.3 V for germanium.

+ ¥V =

VD = VT — | o — ;
o "

V:tz =F - VT + +
E == R;l‘

v = =

ID = IR = ER
w

The diode is in the “off” state, resulting in the
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equivalent circuit. Due to the open circuit, the
diode current is 0 A and the voltage across the

resistor R is the following:
Ve=IgR=IpR=(0A)R=0V

Example: For the series diode configuration of Figure below, determine Vp, Vg, and

Io. And repeat with the diode reversed.

V,=0.7V

Vi=E— Vp=8V—-07V=73V
= Ye_ T3V _

Ip=Ip=—f =50 =332mA

E_VD_VR=0
Vo=E—-— Vgz=E—-0=E=8V

+ ||_—°-_!"‘_"__l I

LAl

| i
ﬁgl!hi! k

I b A
inp=uUA

o

4o

Vv~ j’iftm

+
E— 8V R§2,2 kQ V,

Example: Determine I, Vi, V2, and V, for the series dc configuration of Figure below.

(Bt B = Vp _

Ep o= [0V e —
4.7 kda g l

Ky 12 ELCR

Fymad ¥

I0V+5V—-07V 143V

R, +R
= 2.072 mA

4.7kQ) + 2.2 k)
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Vi=IR = (2072 mA)4.7 k() = 9.74V
V= IR, = (2072 mA)22 k() = 4.56 V

PIED &R, KVL

B+ - V,=0 |
V=V, - E =456V -5V =-04V |

12-2 Parallel and Series—Parallel Configurations:

Example: Determine Vo, Iy, Ip1, and Ip; for the parallel diode configuration of Figure
below:
Since the resulting current direction matches that of the _L 033D

. . . . A - +
arrow in each diode symbol and the applied voltage is & ‘I' 4
greater than 0.7 V, both diodes are in the “on” state. gdoma 0¥ s 0,
The voltage across parallel elements is always the same

and V, = 0.7V _IL . o=

The current

Ve _E-Vp, _10V-07V

R R~ o33kq - 2818mA

I|=

Assuming diodes of similar characteristics, we have

_ I _ 2818 mA
2 2

Ip, = Ip, = 14.09 mA

H.W. Determine the currents Iy, I, and Ip, for the Ry
network of Figure shown.
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12-3 Sinusoidal Inputs; Half-Wave Rectification

For the moment we will use the ideal model (note the absence of the Si or Ge label to
denote ideal diode) to ensure that the approach is not clouded by additional

mathematical complexity.

0 I\/ Tt Vi
: |

—= | cycle re— —

v; = Vsinof

4o

During the interval t=0—T/2 the polarity of the applied voltage v; is such as to establish
“pressure” in the direction indicated and turn on the diode with the polarity appearing

above the diode.

For the period T/2—T, the polarity of the input v; and the resulting polarity across the
ideal diode produces an “off” state with an open-circuit equivalent.

The output signal v, now has a net positive area
above the axis over a full period and an average
value determined by

V, = 0.318V],

Vin

|

J

|
| |
| |
| |
v | |

- ___m___l Vi =0.318V,,

g — — —

4,_{ J
T

The effect of using a silicon diode with V+ = 0.7 V for the forward-bias region. The
applied signal must now be at least 0.7 V before the diode can turn “on.” For levels of
vi less than 0.7 V, the diode is still in an open-circuit state and v, = 0 V as shown in the
same figure. For situations where V> V1 can be applied to determine the average value

with a relatively high level of accuracy.

V, = 0.318(V, — V)

AR Professor Dr. Mahmood

2018-10-10



Example: (a) Sketch the output v, and determine the dc level of the output for the
network of Figure Below (b) Repeat part (a) if the ideal diode is replaced by a silicon
diode. (c) Repeat parts (a) and (b) if Vi, is increased to 200 V and compare solutions

0 I\/Tf _ _
2 —

(@) In this situation the diode will conduct during the negative part of the input
V4 = —0.318V, = —0.318 X 20 = —6.36V
(b) Using a silicon diode:
Ve = —0318(V,, — Vy) = —-0.318(20 — 0.7) = —0.318 X 19.3 = —6.14V
(c) V4c = —0.318V,, = —0.318 X 200 = —63.6V
Vie = —0.318(V,, — V;) = —0.318(200 — 0.7) = —0.318 x 190.3
= —63.38V

b V) I‘ + b o

— 20 Z
; - v 2 kQ -
0 Iv T t 0 \Z T \/ t
7
" 20 "; - NN vy

(d) PIVrating = V,, for Half-wave rectifier
PIV = 20V

Q
+]
Q

+&

b3y

=]

12-4 Full-Wave Rectification:

(a) Bridge Network: The dc level obtained from a sinusoidal input can be improved
100% using a process called full-wave rectification. The most familiar network
for performing such a function with its four diodes in a bridge configuration.
During the period t = 0 to T/2 the polarity of the input is reveal that D, and D5 are
conducting while D; and Dy are in the “off” state.
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Vin

b g

Vv, = 2(0.318V,,) = 0.636V,,
If silicon rather than ideal diodes are employed:
V, = 0.318(V,, — 2Vy)
PlVrating =V, for Full-wave bridge rectifier

(b) Center-Tapped Transformer: A second popular full-wave rectifier with only
two diodes but requiring a center-tapped (CT) transformer to establish the input
signal across each section of the secondary of the transformer.

During the positive portion of v; applied to the primary of the transformer. D1
assumes the short-circuit equivalent and D, the open-circuit equivalent, as
determined by the secondary voltages and the resulting current directions.

1:2 D1
v F b
Vin Vi 'y VD
1.-’]. -
0 \/ t Ei_ T _ y + Vin
y — — V. =0.630V
= bl 0 T Tt
D, 2

The net effect is the same output as that appearing in bridge rectifier with the
same dc levels.
PIV = VSecondary + Vg =V + Vi = 2V,

PlVrating = 2V, for Full-wave CT rectifier

Example: Determine the output waveform for the fallowing network and calculate the
output dc level and the required PIV of each diode.
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Type equation here.

V, = 0.636V, = 0.636 x5 = 3.18V
PlVrating = V,, for Full-wave bridge rectifier, PIV=5V

12-5 Clippers:

There are a variety of diode networks called clippers that have the ability to “clip” off a
portion of the input signal without distorting the remaining part of the alternating

waveform.

There is no general procedure for analyzing networks such but there are a few thoughts
to keep in mind as you work toward a solution.

1- Make a mental sketch of the response of the network based on the direction of

the diode and the applied voltage levels.

2- Determine the applied voltage (transition voltage) that will cause a change in state
for the diode.

3- Be continually aware of the defined terminals and polarity of v,,

4- 1t can be helpful to sketch the input signal above the output and determine the
output at instantaneous values of the input.

Example: Determine the output waveform for the fallowing network:

Past experience suggests that the diode will be in the “on” state for the positive region
of vi —especially when we note the aiding effect of VV =5 V. For v; more negative than
-5 V the diode will enter its open-circuit state, while for voltages more positive than -5
V the diode is in the short-circuit state.
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i V=35¥
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J
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AV,

= v vo=( V4
-5V T, STt 0 T
2 N 2

Transition -. 5V 45V

voltage

The analysis of parallel configurations is very similar to that applied to series
configurations.

Example: Determine v, for the network of the fallowing network:

AN .
l"! i

-+ =

-

v v

L
Ih-------"" T
i . i

The polarity of the dc supply and the direction of the diode strongly suggest that the
diode will be in the “on” state for the negative region of the input signal.

Since the dc supply is obviously “pressuring” the diode to stay in the short-circuit state,
the input voltage must be greater than 4 V for the diode to be in the “off” state. Any
input voltage less than 4 V will result in a short-circuited diode.
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12-6 Clampers:

The clamping network is one that will “clamp” a signal to a different dc level. The
network must have a capacitor, a diode, and a resistive element, but it can also employ
an independent dc supply to introduce an additional shift. The magnitude of R and C
must be chosen such that the time constant RC is large enough to ensure that the voltage
across the capacitor does not discharge significantly during the interval the diode is non-
conducting.
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Example: Determine v, for the network of the fallowing Figure for the input indicated:
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H.V: Repeat the above example using a silicon diode with V1 = 0.7.

12-7 Clampers

The clamping network is one that will “clamp” a signal to a different dc level. The
network must have a capacitor, a diode, and a resistive element, but it can also employ
an independent dc supply to introduce an additional shift. The magnitude of R and C
must be chosen such that the time constant 7 = RC is large enough to ensure that the
voltage across the capacitor does not discharge significantly during the interval the
diode is non-conducting. During the interval 0—T/2 the diode in the “on” state
effectively “shorting out” the effect of the resistor R. The resulting RC time constant is
so small (R determined by the inherent resistance of the network) that the capacitor will
charge to V volts very quickly. When the input switches to the -V state, with the open-
circuit equivalent for the diode determined by the applied signal and stored voltage
across the capacitor—both “pressuring” current through the diode from cathode to
anode. Now that R is back in the network the time constant determined by the RC
product is sufficiently large to establish a discharge period 5 T much greater than the
period T/2—T.
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Example: Determine v, for the Fallowing network for the input indicated:
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v = 1000 Hz
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H.W: Repeat the above Example using a silicon diode with V+ = 0.7 V.

b 410
20V ' ‘ 7\ /\
— Vi - R v, -
0 : 10V oy \/ VU

20V - T"‘

+o
g
+o

(o]
L

L
o]

Yy Professor Dr. Mahmood 2018-10-10



= 0
—
| —
+

-
=
| L

e

12-8 Zener Diodes

The analysis of networks employing Zener diodes is quite similar to that applied
to the analysis of semiconductor diodes. The simplest of Zener diode networks appears
in Figure below. The applied dc voltage is fixed, as is the load resistor. The analysis can
fundamentally be broken down into two steps.

1- Determine the state of the Zener diode by removing it from the network and
calculating the voltage across the resulting open circuit.
2- Substitute the appropriate equivalent circuit and solve for the desired unknowns.

_ RV R
If V; <V, then VL_RL+R : A o
¥
If V; >V, ,the Zener diode is “on” and . . I ; Ry
V=V, .
-

The Zener diode current must be determined by an application of Kirchhoff’s current
law. That is,

IR=IZ+IL

I; =1z — 1
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Vp _ Vi-VL
=

V
andIL=R—L
L

Where I =

The power dissipated by the Zener diode is determined by: P, =V, 1,

Fixed Vi, Variable R.: Due to the offset voltage Vz, there is a specific range of resistor
values (and therefore load current) which will ensure that the Zener is in the “on” state.

To determine the minimum load resistance:

R,V
VL:RL—|-R_)VLRL+VLR =RLI/l

VL = VZ

V7R
Lmin — m

Any load resistance value greater than the R, obtained from will ensure that the Zener
diode is in the “on” state and the diode can be replaced by its Vz source equivalent. But
In turn specifies the maximum I_as

Vo Vg

i = = =
Lmax
RL RLmin

Once the diode is in the “on” state, the voltage across R remains fixed at
Vp =V =V,

and Iz remains fixed at

The Zener current

To find the range of R;:

Ipmin = Ig — Izy

And
Vz
Rimax = .
Lmin
Example: (a) for the fallowing network, determine the range of R and I, that will result
in Vg being maintained at 10 V.
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(b) Determine the maximum wattage rating of the diode.
RVz _ (1k)(10V) _ 10k

8) Ry = _ o,
() Lmin Vi-Vz 50V-10V 40 1kl :_1. - __].Ir_
Ve =V, —V, = 50V — 10V = 40V k l“
Ip =—=——=40mA 2= 1w
R= =g = A0m |
RSN
Iimin = Ig — Iz =40 — 32 = 8mA o
v, 10V
= 1.25kQ

R = =
Lmax ILmin 8mA

. P, = VI, = (10V)(32mA) = 320mW

Fixed R, Variable Vi

For fixed values of Ry, the voltage Vi must be sufficiently large to turn the Zener
diode on. The minimum turn-on voltage V; = V,,,,;,, is determined by

_v.- RV
V= V2T R TR
V. = (R + RVZ

min RL

The maximum value of V; is limited by the maximum Zener current Izy. Since
I, =1Ig —Izy
Irmax = Izm + 1
Vimax = Vemax +Vz

Vimax = IrmaxR + V7

H.W: Determine the range of values of Vi that will maintain the Zener diode of Fig.

below in the “on” state.
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Two back-to-back Zeners can also be used as an ac regulator as shown in Fig. below.
The input and output will continue to duplicate each other until v; reaches 20 V. Z, will
then “turn on”(as a Zener diode), while Z; will be in a region of conduction with a
resistance level sufficiently small compared to the series 5-kQ resistor to be considered
a short circuit.
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12-9 Voltage-Multiplier Circuits:

Voltage-multiplier circuits are employed to maintain a relatively low transformer peak
voltage while stepping up the peak output voltage to two, three, four, or more times the
peak rectified voltage.

Voltage Doubler: The network of Figure below is a half-wave voltage doubler. we can
sum the voltages around the outside loop.

_Vm_VC1+VC2=0 -—Vm—Vm+VCZ=O -VQ:ZVm
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The peak inverse voltage across each diode is 2Vm.

AR Professor Dr. Mahmood 2018-10-10



Another doubler circuit is the full-wave doubler of Fig. below. The peak inverse voltage
across each diode is 2Vm, as it is for the filter capacitor circuit.

i

Voltage Tripler and Quadrupler: The Figure shows an | X
extension of the half-wave voltage doubler, which develops a| b R
three and four times the peak input voltage. It should be
obvious from the pattern of the circuit connection how
additional diodes and capacitors may be connected so that
the output voltage may also be five, six, seven, and so on,

times the basic peak voltage (Vm). ‘ H
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