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1-1:  Physics of Semiconductors, Diodes and Transistors 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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

 

 

Chapter – 1 

Introduction 

The world advanced in 

all the fields 

The reason is the 

advance in material 

science 

Materials is : solid / 

liquid / gas 

The world advanced in 

solid material 

Solid Materials is : 

conductors / insulators / 

semiconductors 

The world advanced in 

Semiconductors 

Semiconductor materials 

are : original ,eg. Si ,Ge, 

and composite like SiC, 

GaAs, In P , ZnO, 

Advance in : Diodes , 

Transistors , Integrated 

Circuits IC 

So :It is necessary to 

understand its physics 

and operation 
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1-1-1:  Silicon bond model: electrons and holes 
 

             Si   is in Column IV of periodic table: 

 IIIA  IVA  VA VIA 
       

 5 6 7 8 

 B  C  N O 
       

 13  14  15 16 

IIB Al  Si  P S 
       

       

30 31 32  33 34 

Zn Ga  Ge  As Se 
       

48 49 50  51 52 

Cd In  Sn  Sb Te 
       
       

 

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

 

Electronic structure of Si atom: 

• 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: 

 

Fig.(1 – 3). Silicon crystal structure 
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• 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 

 
• Si atomic density: 5 × 1022 cm−3 

Simple ”flattened” model of Si crystal: 

4 valence electrons (– 4 q), 

contributed by each ion 

 

 

 

 

 

 

 

Fig.(1 – 4).sharing 4 electrons with covalent bonds 

At  0º  K : 
 

• all bonds satisfied → all valence electrons engaged in bonding 
 

• no ”free” electrons 

At finite temperature: 

 

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

silicon ion (+ 4 q) 

 

Two electrons in bond 
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• finite thermal energy 
• some bonds are broken 

• ”free” electrons (mobile negative charge, −1.6×10−19 C) 
 

• ”free” holes (mobile positive charge, 1.6 × 10−19 C) 
 

:carriers”Free” electrons and holes are called  
 

• 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 = n2
i 

 

Then: 

 

no = po = ni 

 

      ni ≡ intrinsic carrier concentration [cm−3] 

 

In Si at 300 K (”room temperature”): ni = 1× 1010 cm−3 

 

ni   very strong function of temperature: T ↑ → ni ↑ 

 

 

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, Sb) 
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 IIIA  IVA  VA VIA 

       

 5 6 7 8 

 B  C  N O 

       

 13  14  15 16 

IIB Al  Si  P S 

       

       

30 31 32  33 34 

Zn Ga  Ge  As Se 

       

48 49 50  51 52 

Cd In  Sn  Sb 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 

 
 

Fig.(1 –7).The free mobile electron of the donor 
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Define: 

 

Nd ≡ donor concentration [cm−3] 

 

      

             (intrinsic semiconductor) → no = po = ni 

 

 

• If  Nd   >>    ni, doping controls carrier concentrations (extrinsic semiconductor) → 

 
 

Note: no  >>  po: n -type semiconductor 

 

 

 

Example: 

Nd = 1017 cm−3 → no = 1017 cm−3 , po = 103 cm−3. In general: Nd ∼ 1015 − 1020 cm−3 

 

 
 

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-III atoms with 3 valence electrons (B: Boron) 
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 IIIA  IVA  VA VIA 

       

 5 6 7 8 

 B  C  N O 

       

 13  14  15 16 

IIB Al  Si  P S 

       

       

30 31 32  33 34 

Zn Ga  Ge  As Se 

       

48 49 50  51 52 

Cd In  Sn  Sb Te 

       

       

 

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

 

• 3 electrons 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) 

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

Define: 

Na ≡ acceptor concentration [cm−3] 
 

• If Na  ˂˂  ni, doping irrelevant 
 

(intrinsic semiconductor) → no = po = ni 
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• If Na  >>    ni, doping controls carrier concentrations (extrinsic semiconductor) → 

 
 

Note: po  >> no: p-type semiconductor 

Example: 

Na = 1016 cm−3 → po = 1016 cm−3 , no = 104 cm−3.  

In general: Na ∼ 1015 − 1020 cm−3 

 
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 nopo is a constant that only depends 

on temperature: 

nopo = n2
i 

• For Si at room temperature: 
 

                                                ni     1010 cm−3 

 

                                                         • Intrinsic semiconductor: ”pure” semiconductor. 

no = po = ni 

• Carrier concentrations can be engineered by addition of ”dopants” (selected foreign 

atoms): 

 
1-2: Review Questions: 

• How do semiconductors conduct electricity? 

• What is 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? 
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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 

Diode  

notation 

  

Commercial 
junction 
diodes 

 

 
 

 

 

Chapter – 2 

Diode and its 

Applications 
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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 ID 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. 
 

 
 

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

 

 
2-1-3: V / I  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 VB whose value is 

0.7 V for Si and 0.3 V for Ge. As soon as VB   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). 

 

 

 

 

 

 

                      (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 I0 which is also known as leakage current. It is of the order of 

nanoamperes (nA) for Si and microamperes (µA) for Ge. The value of I0 (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. 
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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 VBR (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 . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.3 Static Voltage-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. 

Boltzmann These characteristics can be described by the analytical equation called 

.diode equation 

 

 

 Forward 
 

 

 

   

    

Current due to 
 

 

   
  

Current due to 
  

 

 
 

 

 
Reverse 

 

200 A 
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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 (VBR). 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. 
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Ge Si 

FI 
75 

 

Reverse Voltage  

30– 20– –
10 0 0.5 V 1.0 

Forward 

  Si 
 

0I 

Ge  

100  A 

 

 

 

 

 

 

 

 

 

 

             (a)                                                                                          (b) 

 

 
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 a small 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. 
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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 : 

 

 

Fig. (2-5 ). Simple diode circuit 

 

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

 

……(1)   D
V  I R  DD

V 

From the characteristic equation for the diode 

 

                                                       𝐼 = 𝐼𝑠 𝑒 
𝑉𝐷

𝑛𝑉𝑇   - 1    ……(2) 

 

Assuming n, IS, and VT are known, we have two equations for  the two unknown 

quantities VD and I. Substituting (2) into (1): 

 

                    VD = VDD – Is R [ 𝑒 
𝑉𝐷

𝑛𝑉𝑇   - 1    ]  ……..(3) 

 

which is a transcendental equation for VD. 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. 
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        Slope = -1/R   

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

                                              i 

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

From eq.(1), we can rearrange the equation in terms of  I  to also plot above. 

 That is, from eq.(1) we got : 
 

                                      I = 
𝑉𝐷𝐷

𝑅
 - 

𝑉𝐷

𝑅
        ….. (4) 

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

                                                   i 

 

                                     VDD/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: 
 

 

 

 

 

 

 

 

 

                         

 

(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). 

(3.1) 

v 

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.  
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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:   

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

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

simple example from MATHCAD 

 

 

 

 

 

 

DC 

Fig.(2-10) 
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4. Iterative 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. 

 

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

In this model, the characteristic curve is approximated as: 

 

 

 

 

 

 

 

 

 

 

 

 

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 VD. If not forward biased, the diode is then reversed biased and the current is 

zero and VD can be any value < VD. 
 

VD 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 
 

 

 

 

 

 

 

 

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  I  in the circuit below using the CVD model and 

assuming a silicon diode. 

 

                                   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 VD  = 0.7  V and 

using KVL  (Kirchhoff's Voltage Law)in this circuit : 

2 = IR + VD 

        Or:                               I =(2-VD)/ 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  I  if VDD = 0.5 V? By KVL again, 

 

I =(0.5-VD)/ R =(0.5-0.7)/1000 =  - 0.2 mA 

 

Since I is negative, then D must be reversed biased. This means our initial forward 

conducting assumption was incorrect. Rather, in this situation I = 0 and VD = 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: 

     
(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 rD. The equivalent circuit for the PWL diode model is as 

shown in fig.(2-13). 

 

 

 

 

 

 

 

 

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

 

Example N2.2. Determine the current  I in the circuit below using the PWL diode model 

shown in Fig. (2-17). 

Fig. (2-17). 

From Fig. (2-17), we can determine VD0 and rD for the particular diode whose 

characteristic equation is shown: 

▪ VD0 = 0.65 V 

•    rD = 𝑟𝑢𝑛/𝑟𝑖𝑠𝑒 = (0.9 – 0.65 ) / 12 x 10-3   = 20.8  
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The equivalent circuit using the PWL model of the diode is then as shown in fig.(2-18). 

 

                                  +  

                                                                             Ideal VIdeal 
                                                                                         - 
                                    VDD= 2 V                          VD0=0.65 V 

 

                                                                             rD=20.8 

 

Fig. (2-18). 

 

Assuming the diode is “on,”, then by KVL: 

2 = I x1000 + 0.65 + 20.8 x I 

 

or I = 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? 

VD = 2 – 1000 x 1.32x10-3 = 0.68 V 

 

Is this enough to turn the diode on? Yes, referring to the 

equivalent circuit above. 

VIdeal = VD – 0.65 – 20.8 x 1.32x10-3  0+ V 

 

 

 

2-3: Applications: 
 

1. Rectifier Circuits 

2. Conversions of AC to DC for DC operated circuits 

3. Battery Charging Circuits 

4. Simple Diode Circuits 

5. Protective Circuits against Over current, Polarity Reversal and 

Currents caused by an inductive kick in a relay circuit 

6. Zener Circuits 

7. Overvoltage Protection 

8. Setting Reference Voltages 
 

 

 

I k =1R 

+ 

DV 
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2-3-1: Half-wave and Full-wave Rectifier: 

 

Diode Rectifier (HWR):Half Wave  
 

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: 

 

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):  

 

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

The half-wave rectifier is used in AM radios to rectify the signal. But for a rectifier in 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 (D1 and D2) and a load resistor (RL). 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. 

 

 
 

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. 

 

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

negative input pulse  

 

This causes the diode D1 to be forward biased which in turn causes the flow of current 

through RL along the direction shown in Figure 2a. However, at the same time, diode D2 

will be reverse biased and hence acts like an open circuit. This causes the appearance of 

positive pulse across the RL, 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 D2 gets forward biased while the D1 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 RL 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. 

 

 

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, 

(ii)  Two-Diode Full-Wave Rectifiers because of the use of two diodes and/or 

(iii)  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 

D1 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). 

 

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 D2 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 RL. 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): 

 
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: 

 
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). 

 

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) 
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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. 
 
 
 
 
 
 
 
 
 
 
 
 

                       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) 

 

 

 

 

 

 

 

 
 
                               

                

 

 

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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                               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 Em ( 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 Em is clipped and assigned as Em. . 
 
 
 
 
 
 
 
 

 

                                                        a 
 
 
 
 
 
 
 
 
 
 
                                                         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:      E0 = E – Em  = E + |Em|  ) 
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                                                  a 
 
 
 
 
 
 
 
 
                                                   b 

                     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. 
 
 
 

a 
 
 
 
 
 
 
 
 
 
 
 

b 

 

Fig. 2.33 . Zero Threshold Parallel Clippers 
 
 
 
 
 
 
             (a) 
 
 
 
 
a 
 
         (b) 
 
 
 
 
 

Fig. 2.34. Threshold Parallel Clippers 
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Summary 

Biased Parallel clipping circuits 

Comparison table of output voltage shapes 

 ( لعدة احتمالات لربط كل من الدايود والبطارية : oVخلاصة لاشكال فولتية الخارج )

 هناك اربع احتمالات هي :  

 (.  بالاتجاه العلوي كذلك ) ( والبطارية ان يربط الدايود بالاتجاه العلوي) .1

 (.   ( والبطارية بالاتجاه السفلي كذلك ) ان يربط الدايود بالاتجاه العلوي )  .2

 (.  ( والبطارية بالاتجاه العلوي كذلك ) ان يربط الدايود بالاتجاه السفلي ) .3

 (.  ( والبطارية بالاتجاه السفلي كذلك ) ان يربط الدايود بالاتجاه السفلي ) .4

 

Input voltage 

 

اتجاه البطارية   Battery direction  

 Upالبطارية  للاعلى 

  

 Down البطارية  للاسفل 

 

د 
يو

دا
 ال

اه
ج
 ات

 D
io

d
e 

d
ir

ec
ti

o
n

 

الدايود  
 للاعلى

Up 

 

 

 
 القص من الاعلى للجزء السفلي 

 

 
 القص من الاسفل للجزء السفلي 

الدايود  
 للاسفل
Down  

 

 

 
 القص من الاعلى للجزء العلوي 

 

 
   القص من الاسفل للجزء العلوي

 

 

 

 

1 2 

3 4 



36 
 

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 ). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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. 
 
 
 
 
 
 
 
 
 
 

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). 
 
 
 
 
 

(a)            (b) 
 
 
 
 
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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E0 = - ( |Ei |+ |Ec | ) 
 
 
The resulting signal after a complete cycle is shown below ( fig.2-38). 
 
 
 
 
 
 
 

 

 

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. 
 
 
 
 
 

 

 

 

 

 

 

 

 

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

 

 

 

 

 

 

 

 

 
 
 
 

 

Fig. 2.40. Another version of clamping circuits 
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Summary 

Biased Parallel Clamping circuits 

Comparison table of output voltage shapes 

 ربط كل من الدايود والبطارية :لاحتمالات ( لعدة oVلاشكال فولتية الخارج )خلاصة 

 هناك اربع احتمالات هي : 

 (.  والبطارية بالاتجاه العلوي كذلك ) ( ان يربط الدايود بالاتجاه العلوي)  .1

 (.  ( والبطارية بالاتجاه السفلي كذلك )ان يربط الدايود بالاتجاه العلوي )  .2
 (. ( والبطارية بالاتجاه العلوي كذلك ) ان يربط الدايود بالاتجاه السفلي ) .3

 (. ( والبطارية بالاتجاه السفلي كذلك )ان يربط الدايود بالاتجاه السفلي ) .4
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Some Examples from Boylestad Book 
 

Example : 2-20: 
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Summary of Clipping Circuits 
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Some Examples from Boylestad Book 
Examples on Clamping circuits:  
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Summary of Clamping circuits: 
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2-4: Review Questions: 
 

Please see the relevant problems in : 

" Electronic Devices and Circuit Theory ", By: Boylestad, R. and  Nashelsky, L., 

 7th 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).  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


