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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. 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. 

 

ٌزا انشكم مه انخشاوضسخُس)حشاوضسخُس حأرٍش انمجال( ٌُ الاحذد َالاكزش اسخخذما ٌَؼمم بىُع َاحذ مه 

حاملاث انشحىت . َكما لاحظىا سابما بان حٍاس انجامغ حم انخحكم بً ػه طشٌك حٍاس انماػذة فان حٍاس انساحب 

ل ٌُ حشاوضسخُس حارٍش انمجال رَ ٌخم انخحكم بً ػه طشٌك انبُابت. سىذسط وُػان مه انخشاوضسخُس الاَ

مغ ملاحظت ان ٌزا انىُع مه انخشاوضسخُس  انُصهت َانزاوً ٌُ حشاوضسخُس حارٍش انمجال رَ الاَكسٍذ انمؼذوً.

 ٌخحكم بانخٍاس مه خلال فشق انجٍذ.



 

Email: rami.qays@uomus.edu.iq , huda.asaad@uomus.edu.iq  

3 Al-Mustaqbal University 

Department of Medical Instrumentation Techniques Engineering 

Class 2
𝑛𝑑

 

Subject: Electronic Circuits 

Lecturer: Dr. Rami Qays Malik, MSC. Huda Asaad 

1
st
 term – LEC7-Field effect transistor and MOSFET 

 

 

 

 

 

 

6.2. CONSTRUCTION AND CHARACTERISTICS OF JFETs 

1-the JFET (junction field-effect transistor ) 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 

فً ٌزا انىُع مه انخشاوضسخُس ٌىان مىطمخان نهشحىاث انمُجبت حخخشق انمىطمت انسانبت نخكُن انمىاة َكلا 

انشبظ ٌكُن بحانت الاوحٍاص الامامً بانىسبت نهمىاة َاوحٍاص  ٌلاحظ ان انمىطمخٍه مشبُطت انى طشف انبُابت.

ػكسً ػهى انبُابت حٍذ ٌؼمم الاوحٍاص انؼكسً انمطبك ػهى انبُابت ػهى حضٍٍك انمىاة َانخحكم بكمٍت انخٍاس 

 انماس مه الانكخشَواث
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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: 

VGS = 0V, VDS Some Positive Value 

 

ػىذما ٌكُن فشق انجٍذ ػهى انبُابت ٌساَي صفش حؼبش الانكخشَواث ػه طشٌك انمىاة مه انمصذس انى 

انساحب ٌَكُن حٍاس انساحب ٌساَي حٍاس انمصذس نكه ػىذ حطبٍك فشق جٍذ مؼٍه ػهى انبُابت حبذا انمىاة 

 حضٍك مما ٌؤرش ػهى كمٍت انخٍاس انماس خلال انمىاة.
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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. 

 

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. 

فً انبذء ٌضداد حٍاس انساحب مغ صٌادة انفُنخٍت انمطبمت بٍه انساحب َانمصذس نكه بؼذٌا ٌزبج انخٍاس َػىذٌا 

حسمى انفُنخٍت بفُنخٍت غهك انمىاة. بؼذ ٌزي انفُنخٍت حكُن انمىاة ضٍمت جذا. َػىذ صٌادة انفُنخٍت فُق فُنخٍت غهك 

 ٌَُ اػهى حٍاس ٌىخجً انخشاوضسخُس ػىذما حكُن انفُنخٍت حساَي صفش IDSS  ٌسمىانمىاة ٌىخج حٍاس 
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When VGS <0 V 

VGS is The voltage from gate to source a negative voltage is applied between G 

and S 

 

انخٍاس اػهى ما ٌمكه انمخطظ ٌُضح انخحكم بخٍاس انساحب ػه طشٌك فُنخٍت انبُابت انى انمصذس حٍذ ٌكُن 

 فً حانت انفُنخٍت حساَي صفش رم حخشاجغ لٍمت انخٍاس مغ صٌادة فشق انجٍذ انؼكسً انمطبك ػهى انبُابت.
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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. 

Voltage-Controlled Resistor 

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 

 

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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Summary 

A- The maximum current is defined as IDSS and occurs when VGS=0 V and 

VDS≥ VP  

B- For gate-to-source voltages VGS is less than (more negative than) the pinchoff 

level, the drain current is 0 A ( ID 0 A ) 

C- For all levels of VGS between 0 V and the pinch-off level, the current ID will 

range between IDSS and 0 A, respectively. 

D- A similar list can be developed for p-channel JFETs. 
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6.3 TRANSFER CHARACTERISTICS 

The relationship between ID and VGS is defined by 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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Shorthand Method: 

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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DEPLETION-TYPE MOSFET: 

The name MOSFET stands for metal oxide semiconductor field –effect transistor 

Basic Construction: 

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 

There is no direct electrical connection between the gate terminal and the channel 

of a MOSFET. 
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It is the insulating layer of SiO 2 in the MOSFET construction that accounts for the 

very desirable high input impedance of the device. 

Basic Operation and Characteristics: 

In Fig. 6.25 the gate-to-source voltage is set to 0 V . The result is a current similar 

to that flowing in the channel of the JFET. In fact, the resulting current with VGS =

0V continues to be labeled IDSS . 

 

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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Before plotting the positive region of VGS, keep in mind that ID increases very 

rapidly with increasing positive values of VGS . In other words, be conservative 

with the choice of values to be substituted into Shockley’s equation. In this case, 

we try +1 V as follows: 
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p -Channel Depletion-Type MOSFET 
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ENHANCEMENT-TYPE MOSFET: 

Basic Construction: 

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. 

 

Basic Operation and Characteristics: 

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 
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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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