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ٌتسى انثزَايج انتؼهًًٍ نًقزر الاجهزج وانذوائز الانكتزوٍَح تانتذرٌس تانهغح الاَكهٍزٌح نًذج ثلاثىٌ 

اسثىػا تىاقغ ساػتٍٍ َظزي وثلاث ساػاخ ػًهً اسثىػٍا ٌتى تذرٌس انطهثح  تاساسٍاخ ويختهف 

هزج وانذوائز الانكتزوٍَح ضًٍ يُهج يتكايم نٍتؼزف انطانة ػهى انذوائز انتقٍُاخ انًتؼهقح تالاج

 الانكتزوٍَح وطزق تصًًٍها واستخذايها فً تطثٍقاخ ػًهٍح ػذٌذج.
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يوفر وصف المقرر هذا إيجازاً مقتضياً لأهم خصائص المقرر ومخرجات التعلم المتوقعة من الطالب تحقيقها 

بد من الربط بينها وبين وصف المتاحة. ولاالتعلم مبرهناً عما إذا كان قد حقق الاستفادة القصوى من فرص 

 ؛البرنامج.
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Electronic Devices and Circuit Applications 

Morgan & Claypool Publishers 
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Morgan & Claypool Publishers lectronic 

Devices and Circuit Theory (11th Edition 
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 الالي التحكم كتاب والالكترونية الكهربائية الدوائر تحليل كتاب
 وجيه
 جرجيس
The art of Electronice 

ح, يٕالع الاَرزَٛد ب ـ انًزاجع الانكرزَٔٛ

.... 
  

 

 خطح ذطٕٚز انًمزر انذراسٙ  .11

 سٛرى ذطٕٚز انًمزر يٍ خلال   

ٚسرجذ يٍ كرة ٔتحٕز ذرعهك تذٔائز الانكرزَٔٛح ٚٙ انًسرٕعثاخ انعهًٛح يا 

 دٛسكٕتاس ٔكلارٚف
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 طلبةإرشادات لل
 

 الرغبة والحماس للتعليم 

   ي جميع الأنشطة
 
 ف
ً
 كن مشاركا

  والزملاء  درسم ففاار الماحتر 

 والزملاء بأدب إن كانت هناك حاجة درسفنقد ففاار الم . 

  احرص على استثمار الوقت 

  ي المجموعة
 
 تقبل الدور الذي يسند إليك ف

  ي النشاطات
 
ي المشاركة ف

 
 حفز ففراد مجموعتك ف

  ةفثناء ال والزملاء رسص على بناء علاقات طيبة مع المداحر   محاض 

  ي ال احرص على ما
 
ةتعلمته ف ي الميدان .  محاض 

 
 وطبقه ف

   ركز ذهنك بالتعليم واحرص على التطبيق المباش 

 ةت وع بالمحاض   غلق الموبايل قبل الش 
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ةال - لأولالوحدة  ا  دقيقة 001 :الزمن - الأول محاض 
 

 :الاونى ًحاضزجأهذاف ان
 

ي نهاية ال
 
 على طالبجلسة فن يكون اليتوقع ف

ً
 :قادرا

 

 فهى ويؼزفح انًىاد أشثاِ انًىصلاخ  .0
 بعض من خصائص الدايود .0

 

 :الاونى يىضىػاخ انًحاضزج
 

1 . definition of the Semiconductor Diodes 

2 . types of Semiconductor Diodes 

3 . basic operation and characteristics of a diode in 
 

 

  ؼهًٍٍحالأسانٍة والأَشطح وانىسائم انت
 

 الوسائل التدريبية الأساليب والأنشطة التدريبية م

0 

  نشاط التعارف 

 ة  محاضر

 مناقشة 

 سؤال وجواب 

 جهاز حاسوب 

 جهاز عرض 

 سبورة 

 اوراق واقلام 
 
 

 

 

 
 الاونى ًحاضزجإجزاءاخ تُفٍذ انخطح 

 

ةال الوحدة  الزمن بالدقيقة الإجراءات محاض 

 الأول الأول

حيب بال  210 معهم   التعارفو  طلبةالتر
نامج وأهدافه وأهميته دقيقة  التعريف بالتر

 ٔانثذء تاعطاء انًادج انعهًٛح نهًحاضزج

 

 

 

 

  

 

 

 

 



~ 15 ~ 
 

ونيةبرنامج     م.م. دينا جمال جبارإعداد :                   مكونات ودوائر الكتر

 المادة  العلمية: 

 
1.1 SEMICONDUCTOR MATERIALS: Ge, Si, AND GaAs 

 

The construction of every discrete (individual) solid-state (hard crystal structure) 

electronic device or integrated circuit begins with a semiconductor material of the highest 

quality. 

 

Semiconductors are a special class of elements having a conductivity between that of 

a good conductor and that of an insulator. 

In general, semiconductor materials fall into one of two classes: single-crystal and 

compound.  

Single-crystal semiconductors such as germanium (Ge) and silicon (Si) have a repetitive 

crystal structure, whereas compound semiconductors such as gallium arsenide (GaAs), 

cadmium sulfide (CdS), gallium nitride (GaN), and gallium arsenide phosphide 

(GaAsP) are constructed of two or more semiconductor materials of different atomic 

structures. 
 
1.2 COVALENT BONDINGAND INTRINSIC MATERIALS 

  
The fundamental components of an atom are the electron, proton, and neutron. In 
the lattice structure, neutrons and protons form the nucleus and electrons appear 
in fixed orbits around the nucleus. The Bohr model for the three materials is 
provided in Fig. 1.3 . 
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As indicated in Fig. 1.3 , silicon has 14 orbiting electrons, germanium has 32 electrons, 

gallium has 31 electrons, and arsenic has 33 orbiting electrons (the same arsenic that is a 

very poisonous chemical agent). For germanium and silicon there are four electrons in the 

outermost shell, which are referred to as valence electrons . Gallium has three valence 

electrons and arsenic has five valence electrons. Atoms that have four valence electrons 

are called tetravalent, those with three are called trivalent  
, and those with five are called pentavalent . The term valence is used to indicate that the 

potential (ionization potential) required to remove any one of these electrons from the 

atomic structure is significantly lower than that required for any other electron in the 

structure. 
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This bonding of atoms, strengthened by the sharing 

of electrons, is called covalent bonding. 

 
 
 
 
 
 

 
 

Although the covalent bond will result in a stronger bond between the valence electrons 

and their parent atom, it is still possible for the valence electrons to absorb sufficient 

kinetic energy from external natural causes to break the covalent bond and assume 
the “free” state. 
The term free is applied to any electron that has separated from the fixed lattice structure 

and is very sensitive to any applied electric fields such as established by voltage sources or 

any difference in potential. The external causes include effects such as light energy in 

the form of photons and thermal energy (heat) from the surrounding medium.  

The term intrinsic is applied to any semiconductor material that has been carefully 

Refined  to reduce the number of impurities to a very low level—essentially as pure 

as can be made available through modern technology. 

.The free electrons in a material due only to external causes are referred to as intrinsic 

carriers. 
Table 1.1 compares the number of intrinsic carriers per cubic centimeter (abbreviated n i ) 

for Ge, Si, and GaAs. It is interesting to note that Ge has the highest number and GaAs the 

lowest. In fact, Ge has more than twice the number as GaAs.  

The number of carriers in the intrinsic form is important, but other characteristics of the 

material are more significant in determining its use in the field. One such factor is the 

relative mobility (m n ) of the free carriers in the material, that is, the ability of the free 

carriers to move throughout the material.  

Table 1.2 clearly reveals that the free carriers in GaAs have more than five times the 

mobility of free carriers in Si, a factor that results in response times using GaAs electronic 

devices that can be up to five times those of the same devices made from Si. 

Note also that free carriers in Ge have more than twice the mobility of electrons in Si, a 

factor that results in the continued use of Ge in high-speed radio frequency applications 
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1.4 ENERGY LEVELS 
Within the atomic structure of each and every isolated atom there are specific 
energy levels associated with each shell and orbiting electron, as shown in 
Fig.1.6. 
The energy levels associated with each shell will be different for every element. 
However, in general: 
The farther an electron is from the nucleus, the higher is the energy state, 
and any electron that has left its parent atom has a higher energy state than 
any electron in the atomic structure. 
Note in Fig. 1.6a that only specific energy levels can exist for the electrons in the 
atomic structure of an isolated atom. The result is a series of gaps between 
allowed energy levels 
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An electron in the valence band of silicon must absorb more energy than one in the 

valence band of germanium to become a free carrier. Similarly, an electron in the 

valence band of gallium arsenide must gain more energy than one in silicon or 

germanium to enter the conduction band. 
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ةال - لأولالوحدة  ا  دقيقة 001 الزمن:  -ثانية ال محاض 
 

 :ًحاضزج انثاٍَحأهذاف ان
 

ي نهاية الجلسة فن يكون ال
 
 على:  طالبيتوقع ف

ً
 قادرا

 

 انرعزف عهٗ عذد يٍ انذإٚداخ انًخرهفح ٔيعزفح انفزق تُٛٓا

 يىضىػاخ انًحاضزج انثاٍَح:
n -TYPE AND p -TYPE MATERIALS 

SEMICONDUCTOR DIODE 

 
 الأسانٍة والأَشطح وانىسائم انتؼهًٍٍح

 

 عليميةالوسائل الت عليميةيب والأنشطة التالأسال م

0 

 

 ة  محاضر

 مناقشة 

 سؤال وجواب 

 جهاز حاسوب 

 جهاز عرض 

 سبورة 

 اوراق واقلام 
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1.5 n -TYPE AND p -TYPE MATERIALS 
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A semiconductor material that has been subjected to the doping process is called an 

extrinsic material. 

There are two extrinsic materials of immeasureable importance to semiconductor device 

fabrication: n -type and p -type materials. Each is described in some detail in the following 

subsections. 

n -Type Material 
An n -type material is created by introducing impurity elements that have five valence 

electrons( pentavalent ), such as antimony , arsenic , and phosphorus The effect of such 

impurity elements is indicated inFig. 1.7 (using antimony as the impurity in a silicon base). 

Note that the four covalent bonds are still present. There is, however, an additional fifth 

electron due to the impurity atom, which is unassociated with any particular covalent 

bond, This remaining electron, loosely تامه حريه في bound to its parent (antimony) 
atom, 

 Diffused impurities with five valence electrons are called المنتشره الشوائب
donor المانحه atoms. 

 
 

The effect of this doping process on the relative conductivity can best be described through 

the use of the energy-band diagram of Fig. 1.8 . Note that a discrete energy level (called 

the donor level ) appears in the forbidden band with an Eg significantly less than that of 

the intrinsic material.  

Those free electrons due to the added impurity sit at this energy level and have less 

difficulty absorbing a sufficient measure of thermal energy to move into the conduction 

band at room temperature. 
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p -Type Material 
The p -type material is formed by doping a pure germanium or silicon crystal with 

impurity atoms having three valence electrons. The elements most frequently used for this 

purpose are boron , gallium , and indium . Each is a member of a subset group of elements 

in the Periodic Table of Elements referred to as Group III because each has three valence 

electrons. The effect of one of these elements, boron, on a base of silicon is indicated in 

Fig. 1.9 . 

Note that there is now an insufficient number of electrons to complete the covalent bonds 

of the newly formed lattice. The resulting vacancy is called a hole and is represented by a 

small circle or a plus sign, indicating the absence of a negative charge. Since the resulting 

vacancy will readily accept a free electron: 

The diffused impurities with three valence electrons are called acceptor 
atoms. 
The resulting p -type material is electrically neutralمحايد , for the same reasons 
described for the n -type material. 
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Electron versus Hole Flow 
The effect of the hole on conduction is shown in Fig. 1.10 . If a valence electron acquires 

sufficient kinetic energy to break its covalent bond and fills the void created by a hole, 

then a vacancy, or hole, will be created in the covalent bond that released the electron. 

There is, therefore, a transfer of holes to the left and electrons to the right, as shown in Fig. 

1.10 .  

The direction to be used in this text is that of conventional flow , which is indicated by the 

direction of hole flow. 

 

 
 

 

Majority and Minority Carriers 
In an n-type material ( Fig. 1.11a ) the electron is called the majority 

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

minority carrier. For the p -type material the number of holes far 

outweighs تفوق the number of electrons, 

 
1.6 SEMICONDUCTOR DIODE 

Now that both n - and p -type materials are available, we can construct our first solid-state 

electronic device: The semiconductor diode, is created by simply joining an n -type and a p 

-type material together 

No Applied Bias ( V_0 V) 

At the instant the two materials are “joined” the electrons and the holes in the 

region of the junction will combine, resulting in a lack قليل of free carriers in the region 

near the junction, as shown in Fig. 1.12a . Note in Fig. 1.12a that the only particles 

displayed in this region are the positive and the negative ions remaining once the free 

carriers have been absorbed. 
This region of uncovered positive and negative ions is called the depletion 

region due to the “depletion” of free carriers in the region. 
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Under no-bias 

conditions, any minority carriers (holes) in the n -type material that find themselves within 

the depletion region for any reason whatsoever كان ايا will pass quickly into the p -type 

material. The closer the minority carrier is to the junction, the greater is the attraction جاذبيه 
for the layer of negative ions and the less is the opposition offered by the positive ions in 

the depletion region of the n -type material. We will conclude, therefore, for future 

discussions, that any minority carriers of the n -type material that find themselves in the 

depletion region will pass directly into the p -type material. This carrier flow is indicated at 

the top of Fig. 1.12c for the minority carriers of each material. 

In the absence of an applied bias across a semiconductor diode, the net flow of charge 

in one direction is zero. 

 

Reverse-Bias Condition ( V D > 0 V) 

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 in Fig. 1.13 , 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 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. This widening of the depletion region will 

establish too great a barrier for the majority carriers to overcome, effectively reducing the 

majority carrier flow to zero, as shown in Fig. 1.13a 

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

current and is represented by Is . 
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Forward-Bias Condition ( V D + 0 V) 

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 as shown in Fig. 1.14 

. The application of a forward-bias potential V D will “pressure” electrons in the n -type 

material and holes in the p -type material to recombine with the ions near the boundary and 

reduce the width of the depletion region as shown in Fig. 1.14a . The resulting minority-

carrier flow of electrons from the p -type material to the n -type material (and of holes 

from the n -type material to the p -type material) has not changed in magnitude (since the 

conduction level is controlled primarily by the limited number of impurities in the 

material), but the reduction in the width of the depletion region has resulted in a heavy 

majority flow across the junction 

 

 
Breakdown Region 
The reverse-bias potential that results in this dramatic change in 
characteristics is called the breakdown potential and is given the label 
VBV . 
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The maximum reverse-bias potential that can be applied before entering the breakdown 

region is called the peak inverse voltage (referred to simply as the PIV rating) or the 

peak reverse voltage (denoted the PRV rating). 

 

 

 

ةال - الثانيةالوحدة    دقيقة 001 الزمن:  - لثالثةا محاض 
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ً
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1 . Understand the concept of load-line analysis and how it is applied to diode networks. 
2 . Become familiar with the use of equivalent circuits to analyze series, parallel, and 

series-parallel diode networks. 
3 Understand the process of rectification to establish a dc level from a sinusoidal ac 

input. 
 يىضىػاخ انًحاضزج انثاٍَح:

 

DC diode applications 
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 المادة  العلمية: 

LOAD-LINE ANALYSIS 
The circuit of Fig. 2.1 is the simplest of diode configurations. It will be used to describe 

the analysis of a diode circuit using its actual characteristics. In the next section we will 

replace the characteristics by an approximate model for the diode and compare solutions. 

Solving the circuit of Fig. 2.1 is all about finding the current and voltage levels that will 

satisfy both the characteristics of the diode and the chosen network parameters at the same 

time. 
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In Fig. 2.2 the diode characteristics are placed on the same set of axes as a straight line 
defined by the parameters of the network. The straight line is called a load line because 
the intersection on the vertical axis is defined by the applied load R . The analysis to 
follow is therefore called load-line analysis. The intersection of the two curves will define 
the solution for the network and define the current and voltage 
 

   
 

load line 
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EXAMPLE 2.1 For the series diode configuration of Fig. 2.3a , employing the diode 

characteristics of Fig. 2.3b , determine: a. VDQ and IDQ. b. VR . 
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SERIES DIODE CONFIGURATIONS 
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In Fig. 2.10 the diode of Fig. 2.7 has been reversed. Mentally replacing the diode with a resistive 

element as shown in Fig. 2.11 will reveal that the resulting current direction does not match the 

arrow in the diode symbol. The diode is in the “off” state, resulting in the equivalent circuit of 

Fig. 2.12 . Due to the open circuit, the diode current is 0 A and the 

voltage across the resistor R is the following: 
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EXAMPLE 2.4 For the series diode configuration of Fig. 2.13 , determine VD , VR , and ID 

 

 
 

 

EXAMPLE 2.6 For the series diode configuration of Fig. 2.16 , determine VD , VR , and ID 
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EXAMPLE 2.8 Determine ID , VD2, and Vo for the circuit of Fig. 2.21 .. 

Solution: Removing the diodes and determining the direction of the resulting current I result in 

the circuit of Fig. 2.22 . There is a match in current direction for one silicon diode but not for the 

other silicon diode. The combination of a short circuit in series with an open circuit always results 

in an open circuit and I D 0 A, as shown in Fig. 2.23 . 
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~ 37 ~ 
 

ونيةبرنامج     م.م. دينا جمال جبارإعداد :                   مكونات ودوائر الكتر

 

 
PARALLEL AND SERIES–PARALLEL CONFIGURATION 
The methods applied in Section 2.3 can be extended to the analysis of parallel and series– parallel 

configurations. For each area of application, simply match the sequential series of steps applied to 

series diode configurations. 

EXAMPLE 2.10 Determine Vo , I1 , ID1, and ID2 for the parallel diode configuration of Fig. 2.28 
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Solution: For the applied voltage the “pressure” of the source acts to establish a current 

through each diode in the same direction as shown in Fig. 2.29 . Since the resulting current 

direction matches that of the arrow in each diode symbol and the applied voltage is greater 
than 0.7 V, both diodes are in the “on” state. The voltage across parallel elements is always 
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the same and 

 
EXAMPLE 2.13 Determine the currents I1 , I2 , and ID2 for the network of Fig. 2.37 



~ 42 ~ 
 

ونيةبرنامج     م.م. دينا جمال جبارإعداد :                   مكونات ودوائر الكتر

 



~ 41 ~ 
 

ونيةبرنامج     م.م. دينا جمال جبارإعداد :                   مكونات ودوائر الكتر

 
Solution: The applied voltage (pressure) is such as to turn both diodes on, as indicated by 

the resulting current directions in the network of Fig. 2.38 . Note the use of the 
abbreviated notation for “on” diodes and that the solution is obtained through an 

application of techniques applied to dc series–parallel networks. We have 

 
SINUSOIDAL INPUTS; HALF-WAVE RECTIFICATION 
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The diode analysis will now be expanded to include time-varying functions such as the 

sinusoidal waveform and the square wave. There is no question that the degree of difficulty 

will increase, but once a few fundamental maneuvers are understood, the analysis 

will be fairly direct and follow a common thread. 

The simplest of networks to examine with a time-varying signal appears in Fig. 2.44 . For 

the moment we will use the ideal model (note the absence of the Si, Ge, or GaAs label) to 

ensure that the approach is not clouded by additional mathematical complexity. 

 
During the interval t = 0ST>2 in Fig. 2.44 the polarity of the applied voltage v i is such as to 
establish “pressure” in the direction indicated and turn on the diode with the polarity 

appearing above the diode. Substituting the short-circuit equivalence for the ideal diode will result 

in the equivalent circuit of Fig. 2.45 , where it is fairly obvious that the output signal is an exact 

replica of the applied signal. The two terminals defining the output voltage are connected directly 

to the applied signal via the short-circuit equivalence of the diode. For the period T>2ST, the 

polarity of the input v i is as shown in Fig. 2.46 , and the resulting polarity across the ideal diode 
produces an “off” state with an open-circuit equivalent. The result is the absence of a path for 

charge to flow, and vo = iR = (0)R = 0 V for the period T>2ST. The input v i and the output v o 

are sketched together in Fig. 2.47 for comparison purposes. The output signal v o now has a net 

positive area above the axis over 
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The process of removing one-half the input signal to establish a dc level is called half wave 

rectification 

The effect of using a silicon diode with V K 0.7 V is demonstrated in Fig. 2.48 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 v i less than 0.7 V, the diode is still in an open- circuit state and v o 0 V, as shown 

in the same figure. When conducting, the difference between v o and v i is a fixed 
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level of V K = 0.7 V and vo = vi - VK, as shown in the figure. The net effect is a reduction in area 

above the axis, which reduces the resulting dc voltage level. For situations where Vm << VK, the 

following equation can be applied to determine the average value with a 

relatively high level of accuracy 

 EXAMPLE 2.16 

a. Sketch the output v o and determine the dc level of the output for the network of Fig. 

2.49 

b.  
 

Solution: 

a. In this situation the diode will conduct during the negative part of the input as shown in Fig. 

2.50 , and v o will appear as shown in the same figure. For the full period, the dc level is 
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Vdc = - 0.318 Vm = -0.318(20 V) = - 6.36 V 

The negative sign indicates that the polarity of the output is opposite to the defined polarity of 

Fig. 2.49 . 
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Center-Tapped Transformer 
A second popular full-wave rectifier appears in Fig. 2.60 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 i applied to the primary of the transformer, the 

network will appear as shown in Fig. 2.61 with a positive pulse across each section of the 

secondary coil. D 1 assumes the short-circuit equivalent and D 2 the open-circuit equivalent, as 

determined by the secondary voltages and the resulting current directions. The output voltage 

appears as shown in Fig. 2.61 
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The result is that any supply voltage greater than V volts will turn the diode on and conduction 

can be established through the load resistor. Keep in mind that we are dealing with an ideal diode 

for the moment, so the turn-on voltage is simply 0 V. In general, therefore, for the network of Fig. 

2.69 we can conclude that the diode will be on for any voltage vi that is greater than Vdc volts 

and off for any lesser voltage. For the “off” condition, the output would be 0 V due to the 
lack of current, and for the “on” condition it would simply be vo = vi - V as determined by 
Kirchhoff’s voltage law. 
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EXAMPLE 2.19 Find the output voltage for the network examined in Example 2.18 if the 

applied signal is the square wave of Fig. 2.77. 

 
Solution: For vi = 20 V (0 T/2) the network of Fig. 2.78 results. The diode is in the short-

circuit state, and vo = 20 V + 5 V = 25 V. 

For vi = -10 V the network of Fig. 2.79results, placing the diode in the “off” state, 

and vo = (iR R) = (0)R = 0 V. The resulting output voltage appears in Fig. 2.80 
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Parallel 
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clamper 
A clamper is a network constructed of a diode, a resistor, and a capacitor that shifts a waveform to 

a different dc level without changing the appearance of the applied signal. Clamping networks 

have a capacitor connected directly from input to output with a resistive element in parallel with 

the output signal. The diode is also in parallel with the output signal but may or may not have a 

series dc supply as an added element. 

There is a sequence of steps that can be applied to help make the analysis straightforward. 

It is not the only approach to examining clampers, but it does offer an option if difficulties 

surface. 

 
Step 1: Start the analysis by examining the response of the portion of the input signal 

that will forward bias the diode 
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Step 2: During the period that the diode is in the “on” state, assume that the capacitor 

will charge up instantaneously to a voltage level determined by the surrounding 

network. 

Step 3: Assume that during the period when the diode is in the “off” state the capacitor 

holds on to its established voltage level. 

Step 4: Throughout the analysis, maintain a continual awareness of the location and 

defined polarity for v o to ensure that the proper levels are obtained. 
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Solution: Note that the frequency is 1000 Hz, resulting in a period of 1 ms and an Interval of 0.5 

ms between levels. The analysis will begin with the period t1 St2 of the input signal since the 

diode is in its short-circuit state. For this interval the network will appear 

as shown in Fig. 2.94 . The output is across R , but it is also directly across the 5-V battery if one 

follows the direct connection between the defined terminals for vo and the battery terminals. 
The result is v o =5 V for this interval. Applying Kirchhoff’s voltage law around the input 

loop results in. 

 
 

The capacitor will therefore charge up to 25 V. In this case the resistor R is not 

shorted 

out by the diode, but a Thévenin equivalent circuit of that portion of the network 

that 

includes the battery and the resistor will result in RTh = 0 Ω with ETh = V = 5 V. 

For 

the period t2 t3 the network will appear as shown in Fig. 2.95 . The opencircuit 

equivalent for the diode removes the 5-V battery from having any effect on 

v o , and applying Kirchhoff’s voltage law around the outside loop of the network 

results in 
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The analysis of networks employing Zener diodes is quite similar to the analysis of 

semiconductor diodes in previous sections. First the state of the diode must be determined, 

followed by a substitution of the appropriate model and a determination of the other unknown 

quantities of the network. Zener diode can be used to establish reference voltage levels and 

act as a protection device. voltage reference is an electronic device which produces a constant 

voltage regardless of the loading on the device, temperature changes, passage of time and power 

supply variations. The voltage reference circuit most commonly used in integrated circuits is the 

bandgap voltage referenc 

EXAMPLE 2.24 

Determine the reference voltages provided by the network of Fig. 2.109 , which uses a white LED 

to indicate that the power is on. What is the level of current through the LED and the power 

delivered by the supply? How does the power absorbed by the LED compare to that of the 6-V 

Zener diode? 

Solution: First we have to check that there is sufficient applied voltage to turn on all the series 

diode elements. The white LED will have a drop of about 4 V across it, the 6-V and 3.3-V Zener 

diodes have a total of 9.3 V, and the forward-biased silicon diode has 0.7 V, 

for a total of 14 V. The applied 40 V is then sufficient to turn on all the elements and, one hopes, 

establish a proper operating current. 
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Vi and R Fixed 
The simplest of Zener diode regulator networks appears in Fig. 2.112 . 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 andcalculating the 

voltage across the resulting 

open circuit. 

Applying step 1 to the network of Fig. 2.112 results in the network of Fig. 2.113 , 
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wherean application of the voltage divider rule results in 
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Fixed Vi , Variable RL 

Due to the offset voltage V Z , there is a specific range of resistor values (and therefore load 
current) that will ensure that the Zener is in the “on” state. Too small a load resistance R L 

will result in a voltage V L across the load resistor less than V Z , and the Zener device will be 
in the “off” state. 

 



~ 65 ~ 
 

ونيةبرنامج     م.م. دينا جمال جبارإعداد :                   مكونات ودوائر الكتر

 
 

 



~ 66 ~ 
 

ونيةبرنامج     م.م. دينا جمال جبارإعداد :                   مكونات ودوائر الكتر
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ةال -الثالثة الوحدة    دقيقة 001 الزمن:  -ة سادسال محاض 
 

 :ًحاضزجأهذاف ان
 

ي نهاية الجلسة فن يكون ال
 
 على:  طالبيتوقع ف

ً
 قادرا

 

1. Become familiar with the basic construction and operation of the 

Bipolar Junction Transistor. 

2.  Be able to apply the proper biasing to insure operation in the active 

region. 

3. Recognize and be able to explain the characteristics of an npn or pnp transistor. 
 

 يىضىػاخ انًحاضزج انثاٍَح:
 

1. definition of the Bipolar Junction Transistor. 

2. Understand the characteristics of an npn or pnp transistor. 

3. apply the proper biasing to insure operation in the active region. 

 الأسانٍة والأَشطح وانىسائم انتؼهًٍٍح
 

 عليميةالوسائل الت عليميةالأساليب والأنشطة الت م

0 

 ة  محاضر

 مناقشة 
 سؤال وجواب

 اختبار

 جهاز حاسوب 

 جهاز عرض 

 سبورة 
 اوراق واقلام
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3.1 INTRODUCTION ● 
During the period 1904 to1947, the vacuum tube was the electronic device of interest and 

development. In 1904, the vacuum-tube diode was introduced by J. A. Fleming. Shortly 

thereafter, in 1906, Lee De Forest added a third 
66 

element, called the control grid, to the vacuum diode, resulting in the first amplifier, the 

triode. In the following years, radio and television provided great stimulation to the tube 

industry. Production rose from about 1 million tubes in 1922 to about 100 million in 1937. 

In the early 1930s the four element tetrode and the five-element pentode gained 

prominence in the electron-tube industry. In the years to follow, the industry became one 

of primary importance, and rapid advances were made in design, manufacturing 

techniques, high-power and high-frequency applications, and miniaturization. On 

December 23, 1947, however, the electronics industry was to experience the advent of a 

completely new direction of interest and development. It was on the afternoon of this day 

that Dr. S. William Shockley, Walter H. Brattain, and John Bardeen demonstrated the 

amplifying action of the first transistor at the Bell Telephone Laboratories as shown in Fig. 

3.1 . The original transistor (a point-contact transistor) is shown in Fig. 3.2 . The 

advantages of this three-terminal solid-state device over the tube were immediately 

obvious: 

It was smaller and lightweight; it had no heater requirement or heater loss; it had a rugged 

construction; it was more efficient since less power was absorbed by the device itself; it 

was instantly available for use, requiring no warm-up period; and lower operating voltages 

were possible. Note that this chapter is our first discussion of devices with three or more 

terminals. You will find that all amplifiers (devices that increase the voltage, current, or 

power level) have at least three terminals, with one controlling the flow or potential 

between the other two. 

Bipolar Jun 
3.2-Transistor construction 
The transistor is a three-layer semiconductor device consisting of either two n- and one p-

type layers of material or two p- and one n-type layers of material. The former is called an 

NPN transistor, while the latter is called a PnP transistor. Transistor composed from 

3.2.1-The emitter layer is heavily doped 

3.2.2- The base lightly doped 

3.2.3-The collector only lightly doped 

This lower doping level decreases the conductivity (increases the resistance) of this 

material by limiting the number of “free” carriers 
The outer layers have widths much greater than the sandwiched p - or n -type 

material 

 

The terminals have been indicated by the capital letters E for emitter, C for collector, and 

B for base, the term bipolar reflects the fact that holes and electrons participate in the 
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injection process into the oppositely polarized material. If only one carrier is employed 

(electron or hole), it is considered a unipolar device. 

3.3 TRANSISTOR OPERATION 
The basic operation of the transistor will now be described using the pnp transistor of Fig. 

3.2a. The operation of the npn transistor is exactly the same if the roles played by the 

electron and hole are interchanged. In Fig. 3.3 the pnp transistor has been redrawn without 

the base-to-collector bias. The depletion region has been reduced in width due to the 

applied bias, resulting in a heavy flow of majority carriers from the p- to the n-type 

material. 

 
 

Let us now remove the base-to-emitter bias of the pnp transistor of Fig. 3.2a 

as shown in Fig. 3.4.. Recall that the flow of majority carriers is zero, 

resulting in only a minority-carrier flow, as indicated in Fig. 3.4. In 

summary, therefore: 

One p-n junction of a transistor is reverse biased, while the other is 

forward biased. 
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In Fig. 3.5 both biasing potentials have been applied to a pnp transistor, with 

the resulting majority- and minority-carrier flow indicated. Note in Fig. 3.5 

the widths of the depletion regions, indicating clearly which junction is 

forward-biased and which is reverse-biased. As indicated in Fig. 3.5, a large 

number of majority carriers will diffuse across the forward-biased p-n 

junction into the n-type material. The question then is whether these carriers will 

contribute directly to the base current IB or pass directly into the p-type 

material. Since the sandwiched n-type material is very thin and has a low conductivity, a 

very small number of these carriers will take this path of high resistance to the base 

terminal. The magnitude of the base current is typically on the order of microamperes as 

compared to mill amperes for the emitter and collector currents. 
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The majority and minority carriers as indicated in Fig. 3.5. The minority-current 

component is called the leakage current and is given the symbol ICO (IC current with 

emitter terminal Open). The collector current, therefore, is determined in total by Eq. (3.2). 

 
For general-purpose transistors, IC is measured in milliamperes, while ICO is measured in 

microamperes or nanoamperes. ICO, like is for a reverse-biased diode, is temperature 

sensitive and must be examined carefully when applications of wide temperature ranges 

are considered. It can severely affect the stability of a system at high temperature if not 

considered properly. Improvements in construction techniques have resulted in 

significantly lower levels of ICO, to the point where its effect can often be ignored.  

1- Emitter-Base – forward bias junction  

2- Collector-base– reverse bias junction 

 

 

 

 

ةال -الرابعة الوحدة    دقيقة 001 الزمن:  - سابعةال محاض 
 

 :ًحاضزجأهذاف ان
 

ي نهاية الجلسة فن يكون ال
 
 على:  طالبيتوقع ف

ً
 قادرا

  BJT transistor characteristicsالتعرف على مزايا 

 
 

 
 يىضىػاخ انًحاضزج انثاٍَح:

 

BJT transistor characteristics 
....................................... 

 الأسانٍة والأَشطح وانىسائم انتؼهًٍٍح
 

 عليميةالوسائل الت عليميةالأساليب والأنشطة الت م

0 

 ة  محاضر

 مناقشة 
 سؤال وجواب

 اختبار

 جهاز حاسوب 

 جهاز عرض 

 سبورة 
 اوراق واقلام
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 المادة  العلمية: 
 

3.8 COMMON-COLLECTOR CONFIGURATIO ) ) انزستورتر  المشترك الجامع 
The third and final transistor configuration is the common-collector configuration, shown 

in Fig. 3.20 with the proper current directions and voltage notation. The common-collector 

configuration is used primarily for impedance-matching )الممانعة توفيق( purposes since it has 

a high input impedance and low output impedance, opposite to that of the common-base 

and common-emitter configurations. 
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A common-collector circuit configuration is provided in Fig. 3.21 with the load resistor 

connected from emitter to ground. Note that the collector is tied to ground even though the 

transistor is connected in a manner similar to the common-emitter configuration. From a 

design viewpoint, there is no need 
85 

for a set of common collector characteristics to choose the parameters of the circuit of 

Fig.3.2 It can be designed using the common-emitter 

characteristics of Section 3.6 
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 For all practical purposes, the output characteristics of 

the common-collector configuration are the same as for the common-emitter configuration. 

For the common-collector configuration the output characteristics are a plot of IE versus 

VEC for a range of values of IB. 

.The input current, therefore, is the same for both the common-emitter and 

common collector characteristics. The horizontal voltage axis for the common-collector 

configuration is obtained by simply changing the sign of the collector-to-emitter voltage of 

the common-emitter characteristics. Finally, there is an almost unnoticeable change in the 

vertical scale of IC of the common-emitter characteristics if IC is replaced by IE for the 

common-collector characteristics For the input circuit of the common-collector 

configuration the common-emitter base characteristics are sufficient for obtaining the 

required information 

3.9 LIMITS OF OPERATION 

For each transistor there is a region of operation on the characteristics which will ensure ) 
 )يتجاوز(that the maximum ratings are not being exceeded يضمن(

and the output signal exhibits minimum distortion)تشويه اقل( . Such a region has been 

defined for the transistor characteristics of Fig. 3.22. All of the limits of operation are 

defined on a typical transistor specification sheet described in Section 3.9. 
Some of the limits of operation are self-explanatory, such as maximum collector current 

(normally referred to on the specification sheet as 

continuous collector current) and maximum collector-to-emitter voltage (often abbreviated 

as VCEO or V(BR)CEO on the specification sheet). For the transistor of Fig. 3.22, ICmax was 

specified as 50 mA and VCEO as 20 V. The vertical line on the characteristics defined as 

VCEsat specifies 
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ةال -ة رابعالالوحدة    دقيقة 001 الزمن:  - منةثاال محاض 
 

 :ًحاضزجأهذاف ان
 

ي نهاية الجلسة فن يكون ال
 
 على:  طالبيتوقع ف

ً
 قادرا

 

1 Be able to determine the dc levels for the variety of important BJT configurations. 

2 Understand how to measure the important voltage levels of a BJT transistor 

configuration and use them to determine whether the network is operating properly. 

 يىضىػاخ انًحاضزج انثاٍَح:
 

Dc biasing- BJT 

....................................... 

 الأسانٍة والأَشطح وانىسائم انتؼهًٍٍح
 

 عليميةالوسائل الت عليميةالأساليب والأنشطة الت م

0 

 ة  محاضر

 مناقشة 
 سؤال وجواب

 اختبار

 جهاز حاسوب 

 جهاز عرض 

 سبورة 
 اوراق واقلام
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4.1 INTRODUCTION ● 
The analysis or design of a transistor amplifier requires a knowledge of 

both the dc and the ac response of the system. Too often it is assumed that 

the transistor is a magical device that can raise the level of the applied ac 

input without the assistance of an external energy source. In actuality, 
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any increase in ac voltage, current, or power is the result 
of a transfer of energy from the applied dc supplies. 
The analysis or design of any electronic amplifier therefore has two 

components: a dc and an ac portion. 

 

The following important basic relationships for a transistor: 
 

 
 

4.2 OPERATING POINT 
The term biasing appearing in the title of this chapter is an all-inclusive term for the 

application of dc voltages to establish a fixed level of current and voltage. For transistor 

amplifiers the resulting dc current and voltage establish an operating point on the 

characteristics that define the region that will be employed for amplification of the applied 

signal. 
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For the BJT to be biased in its linear or active operating region the following must be true: 

1. The base–emitter junction must be forward-biased (p-region voltage more 
positive), with a resulting forward-bias voltage of about 0.6 V to 0.7 V. 
2. The base–collector junction must be reverse-biased (n-region more positive), 
with the reverse-bias voltage being any value within the maximum limits of the 
device. 
93 

[Note that for forward bias the voltage across the p–n junction is p - p 

ositive, whereas for reverse bias it is opposite (reverse) with n -positive.] 

Operation in the cutoff, saturation, and linear regions of the BJT 

characteristic are providedas follows: 

 

1. Linear-region operation: 

Base–emitter junction forward-biased 

Base–collector junction reverse-biased 

2. Cutoff-region operation: 
Base–emitter junction reverse-biased 

Base–collector junction reverse-biased 

3. Saturation-region operation: 
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Base–emitter junction forward-biased 
Base–collector junction forward-biased 

 

4.3 FIXED-BIAS CONFIGURATION 
The fixed-bias circuit of Fig. 4.2 is the simplest transistor dc bias configuration. 
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ةال -ة رابعالالوحدة    دقيقة 001 الزمن:  - تاسعةال محاض 
 يىضىػاخ انًحاضزج:

 

DC analysis of BJT transistor 

 
 الأسانٍة والأَشطح وانىسائم انتؼهًٍٍح

 

 عليميةالوسائل الت عليميةالأساليب والأنشطة الت م

0 

 ة  محاضر

 مناقشة 
 سؤال وجواب

 اختبار

 جهاز حاسوب 

 جهاز عرض 

 سبورة 
 واقلام اوراق
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4.4 EMITTER-BIAS CONFIGURATION 
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EXAMPLE 4.4 For the emitter-bias network of Fig. 4.23 , 
determine: a. IB . b. IC . c. VCE . d. VC . e. VE . f. VB . g.VBC . 
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ةال -ة رابعالالوحدة   ةال محاض   دقيقة 001 من: الز  - عاش 
 

 يىضىػاخ انًحاضزج انثاٍَح:
 

VOLTAGE-DIVIDER BIAS CONFIGURATION 
....................................... 

 الأسانٍة والأَشطح وانىسائم انتؼهًٍٍح
 

 عليميةالوسائل الت عليميةالأساليب والأنشطة الت م

0 

 ة  محاضر

 مناقشة 
 سؤال وجواب

 اختبار

 جهاز حاسوب 

  ضجهاز عر 

 سبورة 
 اوراق واقلام
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4.5 VOLTAGE-DIVIDER BIAS CONFIGURATION 

  

Exact Analysis 
RTh The voltage source is replaced by a short-circuit 

equivalent as shown in Fig. 4.32 
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ETh The voltage source VCC is returned to the network and the open-circuit 

Thévenin voltage of Fig. 4.33 determined as 

follows: 

Applying the voltage-divider rule gives 
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ةال -ة الرابعالوحدة    دقيقة 001 الزمن:  - حادية عش  ال محاض 
 

 يىضىػاخ انًحاضزج انثاٍَح:
 

DC analysis of BJT transistor 

 وانىسائم انتؼهًٍٍحالأسانٍة والأَشطح 
 

 عليميةالوسائل الت عليميةالأساليب والأنشطة الت م

0 

 ة  محاضر

 مناقشة 
 سؤال وجواب

 اختبار

 جهاز حاسوب 

 جهاز عرض 

 سبورة 
 اوراق واقلام
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 Solution: Testing: 

  Note that 

the level of VB is the same as ETh determined in Example 

4.7 . Essentially, therefore, the primary difference between the exact and 

approximate techniques is the effect of RTh in the exact analysis that 

separates ETh and VB . 
 

 The results for ICQ and VCEQ 

are certainly close, and considering the actual 

variation in parameter values, one can certainly be considered as accurate as 

the other. The larger the level of Ri compared to R2 , the closer is the 
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approximate to the exact solution. Example 4.11 will compare solutions at a 

level well below the condition established by Eq. (4.33). 
 

 

 

 
 



~ 88 ~ 
 

ونيةبرنامج     م.م. دينا جمال جبارإعداد :                   مكونات ودوائر الكتر
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ةال -الرابعة الوحدة    دقيقة 001 الزمن:  -ثانية عش  ال محاض 
 

 يىضىػاخ انًحاضزج:
 

Emitter Loop 

 الأسانٍة والأَشطح وانىسائم انتؼهًٍٍح
 

 عليميةالوسائل الت عليميةالأساليب والأنشطة الت م

0 

 ة  محاضر

 مناقشة 
 سؤال وجواب

 اختبار

 جهاز حاسوب 

 جهاز عرض 

 سبورة 
 اوراق واقلام
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~ 91 ~ 
 

ونيةبرنامج     م.م. دينا جمال جبارإعداد :                   مكونات ودوائر الكتر
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ةال -الرابعة الوحدة    دقيقة 001 الزمن:  -ة عش  ثالثال محاض 
 

 يىضىػاخ انًحاضزج:
 

DC analysis of BJT transistor 

 َشطح وانىسائم انتؼهًٍٍحالأسانٍة والأ
 

 عليميةالوسائل الت عليميةالأساليب والأنشطة الت م

0 

 ة  محاضر

 مناقشة 
 سؤال وجواب

 اختبار

 جهاز حاسوب 

 جهاز عرض 

 سبورة 
 اوراق واقلام
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ةال -الرابعة الوحدة    يقةدق 001 الزمن:  -ة عش  رابعال محاض 
 

 يىضىػاخ انًحاضزج انثاٍَح:
 

AC analysis of BJT transistor 

 
 الأسانٍة والأَشطح وانىسائم انتؼهًٍٍح

 

 عليميةالوسائل الت عليميةالأساليب والأنشطة الت م

0 

 ة  محاضر

 مناقشة 
 سؤال وجواب

 اختبار

 جهاز حاسوب 

 جهاز عرض 

 سبورة 
 اوراق واقلام
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EXAMPLE 4.18 
For the network of Fig. 4.53 : a. Determine ICQ and VCEQ. b. Find 
VB, VC, VE, and VBC. 
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ةال -الرابعة الوحدة    دقيقة 001 الزمن:  -ة عش  خامسال محاض 
 

 يىضىػاخ انًحاضزج:
 

MULTIPLE BJT NETWORKS 
....................................... 

 سانٍة والأَشطح وانىسائم انتؼهًٍٍحالأ
 

 عليميةالوسائل الت عليميةالأساليب والأنشطة الت م

0 

 ة  محاضر

 مناقشة 
 سؤال وجواب

 اختبار

 جهاز حاسوب 

 جهاز عرض 

 سبورة 
 اوراق واقلام
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MULTIPLE BJT NETWORKS 
The BJT networks introduced thus far have only been single-stage configurations. 
This section will cover some of the most popular networks using multiple 
transistors. It will 
demonstrate how the methods introduced thus far in this chapter can be applied to 
networks with any number of components. 
The R–C coupling of Fig. 4.64 is probably the most common. The collector output 
of one stage is fed directly into the base of the next stage using a coupling 
capacitor C C . The capacitor 

is chosen to ensure that it will block dc between the stages and act like a short 
circuit to any ac signal. 
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Darlington configuration 
The Darlington configuration of Fig. 4.66 feeds the output 
of one stage directly into the input of the succeeding stage. 
Since the output of Fig. 4.66 is taken directly off the emitter 

terminal.  For the dc analysis of 
Fig. 4.67 assuming a beta b 1 for the 
first transistor and b 2 for thesecond, the base current for 
the second transistor is IB2 = IE1 = (β1 + 1)IB1 and the emitter 
current for the second transistor is IE2 = (β2 + 1)IB2 = (β2 + 1)(β1+ 1)IB1  



~ 121 ~ 
 

ونيةبرنامج     م.م. دينا جمال جبارإعداد :                   مكونات ودوائر الكتر

 Assuming β < 1 for each transistor, we find the net beta 

for the configuration is 
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ةال -الرابعة الوحدة    ةدقيق 001 الزمن:  -ة عش  سادسال محاض 
 

 يىضىػاخ انًحاضزج:
 

Cascode configuration 
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The Cascode configuration of Fig. 4.68 ties the collector of 
one transistor to the emitter of the other. In essence it is a 
voltage-divider network with a common-base configuration at 
the collector. 
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The dc analysis is initiated by assuming the current through the bias resistors R1 , 
R2 , and R3 of Fig. 4.69 is much larger than the base current of each transistor. 
That is, IR1 = IR2 = IR3 << IB1 or IB2 

The result is that the voltage at the base of the transistor Q 1 is simply determined 
by an application of the voltage-divider rule: 
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ةال -الرابعة الوحدة    دقيقة 001 الزمن:  -سابعة عش  ال محاض 
 

 يىضىػاخ انًحاضزج:
 

AC analysis of BJT transistor 
 الأسانٍة والأَشطح وانىسائم انتؼهًٍٍح
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EXAMPLE 4.26 Determine the dc levels for the currents and 
voltages of the direct- coupled amplifier of Fig. 4.72 . Note 
that it is a voltage-divider bias configuration followed by a 
common-collector configuration; one that is excellent in 
cases where in the input impedance of the next stage is 
quite low. The common-collector amplifier is acting like a 
buffer between stages. 
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ةال -ة خامسالالوحدة    دقيقة 001 الزمن:  -ة عش  ثامنال محاض 
 

 يىضىػاخ انًحاضزج:
 

FET transistor characteristics 
Become familiar with the construction and operating characteristics of Junction Field 

Effect (JFET), Metal-Oxide Semiconductor FET (MOSFET), 

 

 الأسانٍة والأَشطح وانىسائم انتؼهًٍٍح
 

 عليميةالوسائل الت ميةعليالأساليب والأنشطة الت م

0 

 ة  محاضر

 مناقشة 
 سؤال وجواب

 اختبار

 جهاز حاسوب 

 جهاز عرض 

 سبورة 
 اوراق واقلام

 
 

 

 

 

 

 

 

 

 

 

 

 

 المادة  العلمية: 
 



~ 129 ~ 
 

ونيةبرنامج     م.م. دينا جمال جبارإعداد :                   مكونات ودوائر الكتر

 
 

6.1 INTRODUCTION 

The field-effect transistor (FET) is a three-terminal device used for a variety of 

applications that match, to a large extent, those of the BJT transistor described in Chapters 

3 through 5. Although there are important differences between the two types of devices, 

there are also 

many similarities, which will be pointed out in the sections to follow. 

The primary difference between the two types of transistors is the fact that: 
The BJT transistor is a current-controlled device as depicted in Fig. 6.1, whereas the 

JFET transistor is a voltage-controlled device as shown in Fig. 6.1b. 
 

Differences: 
1- FETs are voltage controlled devices. BJTs are current 
controlled devices. 
2- FETs have a higher input impedance. BJTs have higher 
gains. 
3- FETs are less sensitive to temperature variations and are 
more easily 

integrated on ICs. راتالحرارة
ٌ
 اقلحساسٌة لتغ

4- FETs are generally more static sensitive than BJTs.   اكت 
 حساسٌة للكهرباء الساكنة
5- The FET is a unipolar device depending solely on either 
electron ( n -channel) or hole ( p -channel) conduction. 
6.2 CONSTRUCTION AND CHARACTERISTICS OF JFETs 
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1-the JFET is a three-terminal device with one terminal capable of controlling the current 

between the other two 

2-the major part of the structure is the n -type material, which forms the channel between 

the embedded layers of p -type material 

3-the drain and the source are connected to the ends of the n -type channel and the gate to 

the two layers of p -type material. 

 for the JFET transistor can defined the following 

1-The input circuit ( gate to source) of a Jfet is reverse bias, that means the device has high 

input impedance 2-the drain is so biased with respect to the source , ID flows from source 

to drain 3- in all Jfet ID=IS 

When 
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The current ID will establish the voltage levels through the channel the greater the applied 

reverse bias in p type material , the wider is the depletion region. 

 



~ 112 ~ 
 

ونيةبرنامج     م.م. دينا جمال جبارإعداد :                   مكونات ودوائر الكتر

 
Pinch-off (VGS = 0 V, VDS = VP). 

IDSS is the maximum drain current for a JFET and is defined by the conditions VGS = 0 V and VDS > VP. 

 
When VGS <0 V VGS is The voltage from gate to source a negative voltage is applied between G and 

S 
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The resulting saturation level for ID has been reduced and in fact will continue to decrease 

as VGS is made more and more negative and a pinch-off voltage continues to drop as VGS 

becomes more and more negative and the device has been “turned off.” In summary: 

The level of VGS that results in ID = 0 mA is defined by VGS =VP, with VP being a 

negative voltage for n channel devices and a positive voltage for p-channel JFETs. 
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Voltage-Controlled Resistor 
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The region to the left of the pinch-off locus of Fig. 6.11 is referred to as the ohmic or 

voltage-controlled resistance region. possibly for an automatic gain control system whose 

resistance is controlled by the applied gate-to-source voltage 

 
Where ro is the resistance with VGS = 0 V and rd the resistance at a particular 

level of VGS. 

For an n-channel JFET with ro equal to 10 k  (VGS = 0 V, VP = 6 V), Eq. (5.1) 

will result in 40 k  at VGS = 3 V. 

p -Channel Devices 

 The defined current directions are reversed 

Applied voltage is positive voltages from gate to source and the double-subscript notation 

for VDS will result in negative voltages for VDS 
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ةال -الخامسة الوحدة    دقيقة 001 الزمن:  - التاسعة عش   محاض 
 

 يىضىػاخ انًحاضزج:
 

TRANSFER CHARACTERISTICS 
 

 الأسانٍة والأَشطح وانىسائم انتؼهًٍٍح
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 المادة  العلمية: 
 

6.2 TRANSFER CHARACTERISTICS 
The relationship between ID and VGS is defined by Shockley’s equation: 

 
 
The transfer curve can be obtained using Shockley’s equation or from the output 

characteristics of Fig. 6.11 . In Fig. 6.17 two graphs are provided 
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Applying Shockley’s Equation 
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By using basic algebra we can obtain [from Eq. (6.3)] an equation for the resulting level of 

VGS for a given level of ID. The derivation is quite straightforward and results in equation 

(6.8) 
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ةال -الخامسة الوحدة   ونال محاض   دقيقة 001 الزمن:  - عش 
 

 يىضىػاخ انًحاضزج:
 

Shorthand method 
....................................... 
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If we specify VGS to be one-half the pinch-off value VP, the resulting level of ID will be the 

following, as determined by Shockley’s equation: 
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The result specifies that the drain current will always be one-fourth the saturation level 

IDSS as long as the gate-to-source voltage is one-half the pinch-off value 
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The name MOSFET stands for metal–oxide–semiconductor field -effect transistor 

 1-A slab of p -type material is formed from a silicon base and is referred to as the 

substrate. 

2- In some cases the substrate is internally connected to the source terminal 

3-The source and drain terminals are connected through metallic contacts to n -doped 

regions linked by an n -channel as shown in the figure 

4-The gate is also connected to a metal contact surface but remains insulated from the n -

channel by a very thin silicon dioxide (SiO2) layer. SiO2 is a type of insulator referred to 

as a dielectric 
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 In Fig. 6.27, VGS is set at a 

negative voltage such as -1 V. The negative potential at the gate will tend to pressure 

electrons toward the p -type substrate (like charges repel) and attract holes from the p -type 

substrate (opposite charges attract) as shown in Fig. 6.27. Depending on the magnitude of 

the negative bias established by VGS, The resulting level of drain current is therefore 

reduced with increasing negative bias for VGS 
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In Fig. 6.26 for VGS = -1 V, -2 V, and so on, to the pinch-off level of -6 V. The resulting 

levels of drain current and the plotting of the transfer curve proceed exactly as described 

for the JFET. For positive values of VGS , the positive gate will draw additional electrons 

(free carriers) from the p -type substrate due to the reverse leakage current and establish 

new carriers through the collisions resulting between accelerating particles As the gate- to-

source voltage continues to increase in the positive direction, Fig. 6.26 reveals that the 

drain current will increase 
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ةال -الخامسة الوحدة   ون محاض   دقيقة 001 الزمن:  - الحادية والعش 
 

 يىضىػاخ انًحاضزج:
 

FET transistor characteristics and applications 
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1-p -type material is formed from a silicon base and is again referred to as the substrate 

2-the construction of an enhancement-type MOSFET is quite similar to that of the 

depletion-type MOSFET, except for the absence of a channel between the drain and source 

terminals. 

3-The drain current is now cut off until the gate-to-source voltage reaches a specific 

magnitude. 
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1- If VGS is set at 0V and a voltage applied between the drain and the source of the device 

of Fig. 6.32, the absence of an n -channel (with its generous number of free carriers) will 

result in a current of effectively 0A 

2-In Fig.6.33, both VDS and VGS have been set at some positive voltage greater than 0V, 

establishing the drain and the gate at a positive potential with respect to the source 

3-The positive potential at the gate will pressure the holes (since like charges repel) in the 

p -substrate along the edge of the SiO2 layer to leave the area and enter deeper regions of 

the p -substrate, as shown in the figure. The result is a depletion region near the SiO2 

insulating layer void of holes. However, the electrons in the p -substrate (the minority 

carriers of the material) will be attracted to the positive gate and accumulate in the region 

near the surface of the SiO2 layer. 
4- with VGS increases in magnitude, the concentration of electrons near the SiO2 surface 

increases until eventually the induced n -type region can support a measurable flow 

between drain and source 
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ةال -الخامسة الوحدة   ون محاض   دقيقة 001 الزمن:  - الثانية والعش 
 

 يىضىػاخ انًحاضزج:
 

Frequency response 
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The graphical approach requires that we first establish the device transfer characteristics as 

shown in Fig. 7.10 one point on the straight line is defined by ID = 0 A and VGS = 0 V 
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The second point for Eq. (7.10) requires that a level of VGS or ID be chosen and the 

corresponding level of the other quantity be determined using Eq. 
 
 
 
 
 
 
 
 
 
 
 
 

ةال -الخامسة الوحدة   ونثاال محاض   دقيقة 001 الزمن:  -لثة والعش 
 

 يىضىػاخ انًحاضزج:
 

Frequency response II 
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ةال - السادسةالوحدة   ون محاض   دقيقة 001 الزمن:  - الرابعة والعش 
 

 يىضىػاخ انًحاضزج:
 

Operational Amplifiers and their applications 
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OP-AMP and its applications 
Introduction 
- The operational amplifier (Op-Amp) concept was introduced by Tellegen in 1954 under 
the 
name of “ideal amplifier”. The first Op-Amps with discrete transistors appeared in 
production 
in 1956. One of the first analog ICs was an Op-Amp developed by R. Widlar in 1964. The 
operational amplifier is still the integrated circuit with highest production volume. 
- OP-AMP is a very high-gain directly-coupled negative-feedback amplifier which can 
amplify 
signals having frequency ranging from 0 Hz to 1 MHz. 
- OP-AMP is so named because it was originally designed to perform mathematical 
operations 
like summation, subtraction, multiplication, differentiation integration ...etc. Present day 
usage 
is much wider in scope but the popular name OP-AMP continues. 
nd in analog computers applications. 
- Typical applications of OP-AMP are scale changing, analog computer operations, in 
instrumentation and control systems and a great variety of phase-shift and oscillator 
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circuits. 
- Example of OP-AMPs [LM 108, LM 208, 741,....] 
OP-AMP Circuit and Symbol 
Standard triangular symbol of an OP-AMP is shown in Fig.1. All OP-AMPs have a minimum 
of five terminals: 
1. inverting input terminal (labeled with a minus sign), 
2. non-inverting input terminal (labeled with a plus sign), 
3. output terminal, 
4. positive bias supply terminal, 
5. negative bias supply terminal. 

 
- When an OP-AMP is operated without connecting any resistor or capacitor from its 
output to 
any one of its inputs (i.e., without feedback), it is said to be in the open-loop condition. 

The 

specifications of OP-AMP under such condition are called open-loop specifications and 

exhibiting the open-loop voltage gain (AOL). 

- An op amp amplifies the difference between two input signals v1&v2; i.e amplifies (vd), 

where 

(vd=v1-v2) 

vo= AOL*vd (AOL for actual op amp is extremely high i.e., about 106) 

However, if (vd=1 V), it does not mean that will be amplified to 106 V at the output. 

Actually, the maximum value of vo is limited by the basis supply voltage and is called its 

saturation voltage. This voltage is approximately 2V smaller than the power-supply 

voltage 

(VCC). In other words, the amplifier is linear over the range 

-(VCC – 2) < vo < VCC - 2 , typically ± 15 V. 

Example1: An op amp has saturation voltage Vsat =10 V, an open-loop voltage gain of -

105, 

and input resistance of 100k. Find (a) the value of vd that will just drive the amplifier to 

saturation and (b) the op amp input current at the starting of saturation. 
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Ideal Operational Amplifier 

An ideal OP-AMP has the following characteristics : 

1. its open-loop gain AOL is infinite i.e., Aν = − ∞ 

2. its input resistance Ri (measured between inverting and non-inverting terminals) is 

infinite 

i.e., Ri = ∞ Ω. This means that the input current i = 0. 

3. its output resistance R0 (seen looking back into output terminals) is zero i.e., R0 = 0 Ω. 

This 

means that v0 is not dependent on the load resistance connected across the output. 

4. it has infinite bandwith i.e., it has flat frequency response from dc to infinity. 

Virtual Ground and Summing Point 

Fig. 2 shows an OP-AMP which employs negative feedback with the help of resistor Rf 

which 

feeds a portion of the output to the input. The concept of virtual ground arises from the fact 

that 

input voltage νi at the inverting terminal of the OP-AMP is forced to a small value 

(assumed 

zero). Hence, point A is essentially at ground voltage and is referred to as virtual ground. 

Obviously, it is not the actual ground. 

When ν1 is applied, point A attains some positive potential and at the same time ν0 is 

brought 

into existence. Due to negative feedback, some fraction of the output voltage is fed back to 

point A antiphase with the voltage already existing there (due to ν1). The algebraic sum of 

the two voltages is almost zero so that νi ≅ 0. Obviously, νi will become exactly zero 

when negative feedback voltage at A is exactly equal to the positive voltage produced by 
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ν1 at A. 

Another point worth considering is that there exists a virtual short between the two 

terminals of the OP-AMP because νi = 0. It is virtual because no current flows (remember 

i = 0) despite the existence of this short. 
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 المادة  العلمية: 
 

OP-AMP Applications 
1- Inverting Amplifier 
The inverting amplifier of Fig. 3 has its noninverting input connected to ground. A signal 
(vin) 
is applied through input resistor R1, and negative current feedback is implemented 
through 
feedback resistor Rf . Output voltage (vo) has polarity opposite that of input. 

 
 

 
 
 

The gain of the inverting amplifier can be driven as follow: 

Since point A is at ground potential (VA=0) and iin=0, 
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The gain of the noninverting amplifier can be driven as follow: 

Because of virtual short between the two OP-AMP terminals, voltage across R1 is the input 

voltage νin. Also, ν0 is applied across the series combination of R1 and Rf. 
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 المادة  العلمية: 
 

7- Differentiator 
Its function is to provide an output voltage which is proportional to the rate of the change 
of 
the input voltage. It is an inverse mathematical operation to that of an integrator. As 
shown in 
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ةال - السادسةالوحدة   ون محاض   دقيقة 001 الزمن:  - التاسعة والعش 
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2- Precision Rectifiers 

Rectifier circuits can be implemented with silicon junction diodes. Recall that for the 

diode to conduct, the voltage across it must be ≈ 0.7 V. Therefore, a major limitation of 

these 

circuits is that they cannot rectify voltages below about 0.7 V. In addition, since the input 

voltage has to rise to about 0.7 V before any appreciable change can be seen at the output, 

the 

output is distorted  

- half-wave rectifier (HWR) is a circuit that passes only the positive (or only the negative) 

portion of a wave, while blocking out the other portion. The transfer characteristic of the 

positive HWR is: 

vO = vi for vi > 0 , vO = 0 for vi < 0. 

- full-wave rectifier (FWR), besides passing the positive portion, inverts and then passes 

also 

the negative portion. Its transfer characteristic is: 

vO = vi for vi > 0 , vO = vi for vi < 0. or, more concisely, vO = |vi  
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ةال - السادسةالوحدة    دقيقة 001 الزمن:  - الثلاثون محاض 
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