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 MOSFET [5] 

Recall that the reverse bias of the gate is varied to deplete the channel in 

JFETs. This type of operation is called depletion-mode operation. A depletion-type 

device is a device that uses an input voltage to reduce the size of the channel to 

control the amount of current. An enhancement-type device is a device that uses an 

input voltage to increase the size of the channel to control the amount of current. 

JFETs can operate only in depletion mode. There are two types of MOSFETS: 

depletion-type MOSFETs or D-MOSFETs, and enhancement-type MOSFETs, or 

E-MOSFETs. There are two types of channel: n-channel and p-channel. We will 

use the n-channel MOSFETs to describe the basic operation, as shown in Figure 

7.29, and 7.30. The p-channel MOSFETs is the same, except the voltage polarities 

are opposite those of the n-channel. 

 

Figure 7.29  N-Channel depletion-type MOSFET  

 

Here, 

 The channel already exists. 

 An input voltage to the gate will increase or decrease the channel size.            
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Figure 7.30 N-Channel enhancement-type MOSFET(NMOS) 

 

Here,   

 The device has no channel. 

 An input voltage to the gate will form a channel.     

 

 Depletion MOSFET (D-MOSFET) [5] 

The first type of MOSFET is the depletion MOSFET (D-MOSFET), and 

Figure 7.31 illustrates its basic structure. The drain and source are diffused into the 

substrate material and then connected by a narrow channel adjacent to the insulated 

gate. Both n-channel and p-channel devices are shown in the figure. We will use 

the n-channel device to describe the basic operation. The p-channel operation is the 

same, except the voltage polarities are opposite those of the n-channel. 
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Figure 7.31 Representation of the basic structure of D-MOSFETs. [5] 

 

The D-MOSFET can be operated in either of two modes—the depletion 

mode or the enhancement mode — and is sometimes called a 

depletion/enhancement MOSFET. Since the gate is insulated from the channel, 

either a positive or a negative gate voltage can be applied. The n-channel MOSFET 

operates in the depletion mode when a negative gate-to-source voltage is applied 

and in the enhancement mode when a positive gate-to-source voltage is applied. 

These devices are generally operated in the depletion mode. 

 

Depletion Mode:  

Visualize the gate as one plate of a parallel-plate capacitor and the channel 

as the other plate. The silicon dioxide insulating layer is the dielectric. With a 

negative gate voltage, the negative charges on the gate repel conduction electrons 

from the channel, leaving positive ions in their place. Thereby, the n channel is 

depleted of some of its electrons, thus decreasing the channel conductivity. The 

greater the negative voltage on the gate, the greater the depletion of n-channel 

electrons. At a sufficiently negative gate-to-source voltage, VGS(off), the channel is 

totally depleted and the drain current is zero. This depletion mode is illustrated in 

Figure 7.32 (a). Like the n-channel JFET, the n-channel D-MOSFET conducts 

drain current for gate-to-source voltages between VGS(off ) and zero. In addition, the 

D-MOSFET conducts for values of VGS above zero. 
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Enhancement Mode: 

 With a positive gate voltage, more conduction electrons are attracted into 

the channel, thus increasing (enhancing) the channel conductivity, as illustrated in 

Figure 7.32 (b). 

 

Figure 7.32 Operation of n-channel D-MOSFET. [5] 

 

D-MOSFET Symbols:  

The schematic symbols for both the n-channel and the p channel depletion 

MOSFETs are shown in Figure 7.33. The substrate, indicated by the arrow, is 

normally (but not always) connected internally to the source. 

 

Figure 7.33 D-MOSFET schematic symbols. [5] 
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D-MOSFET Transfer Characteristic: 

The D-MOSFET has the same transconductance curve and equation as the 

JFET. 

  

Figure 7.34 Transconductance curve of D-MOSFET. 

 

Example 11: For a certain D-MOSFET, IDSS = 10 mA and VGS(off) = – 8 V.          

(a) Calculate ID at VGS = – 3 V. (b) Calculate ID at VGS = +3 V. 

Solution: 

The device has a negative VGS(off);  therefore, it is an n-channel  D-MOSFET.  
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Figure 7.35 For Example 11. 

 

Example 12: For a certain D-MOSFET, IDSS = 18 mA and VGS(off) = +10 V.         

(a) Is this an n-channel or p-channel? (b) Calculate ID at VGS = +4 V. 

(c) Calculate ID at VGS = -4 V. 

Solution: 

(a) The device has a positive VGS(off). Therefore, it is a p-channel D-MOSFET. 
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 D-MOSFET Biasing Circuits [2] 

Recall that D-MOSFETs can be operated with either positive or negative 

values of VGS. A simple bias method is to set VGS = 0 V. A MOSFET with zero 

bias is shown is Figure 7.36. 

 

Figure 7.36 A zero-biased D-MOSFET. [2] 

 

The drain-to-source voltage is expressed as: 

         𝑉𝐷𝑆 = 𝑉𝐷𝐷 − 𝐼𝐷𝑆𝑆𝑅𝐷 

 

Example 13: Determine the drain-to-source in the circuit of figure 19. Assume 

VGS(off) = -8 V, IDSS = 12 mA, VDD = 18 V, RD = 620  and RG = 10 M . 

Solution: 
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 Enhancement MOSFET (E-MOSFET) [5] 

The E-MOSFET operates only in the enhancement mode and has no 

depletion mode. It differs in construction from the D-MOSFET in that it has no 

structural channel. Notice in Figure 7.37(a) that the substrate extends completely to 

the SiO2 layer. For an n-channel device, a positive gate voltage above a threshold 

value induces a channel by creating a thin layer of negative charges in the substrate 

region adjacent to the SiO2 layer, as shown in Figure 7.37(b). The conductivity of 

the channel is enhanced by increasing the gate-to-source voltage and thus pulling 

more electrons into the channel area. For any gate voltage below the threshold 

value, there is no channel. 

 

Figure 7.37 The basic E-MOSFET construction and operation (n-channel). [5] 

The schematic symbols for the n-channel and p-channel E-MOSFETs are 

shown in Figure 7.38. The broken lines symbolize the absence of a physical 

channel. An inward-pointing substrate arrow is for n channel, and an outward-

pointing arrow is for p channel. 

Figure 7.38 E-MOSFET symbols. [5] 
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E-MOSFET Transfer Characteristic: 

The E-MOSFET uses only channel enhancement. Therefore, an n-channel 

device requires a positive gate-to-source voltage, and a p-channel device requires a 

negative gate-to-source voltage. Figure 7.39 shows the general transfer 

characteristic curves for both types of E-MOSFETs. As you can see, there is no 

drain current when VGS = 0. Therefore, the E-MOSFET does not have a significant 

IDSS parameter, as do the JFET and the D-MOSFET. Notice also that there is 

ideally no drain current until VGS reaches a certain nonzero value called the 

threshold voltage, VGS(th). 

 

Figure 7.39 E-MOSFET general transfer characteristic curves. [5] 

 

The value of ID at a given value of VGS, can be determined by 
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Example 14: For a 2N7008 E-MOSFET with ID(on) = 500 mA at VGS(on) = 10 V  

and VGS(th) = 1 V. Determine the drain current for VGS = 5 V.  

Solution: 

                    

Next, using the value of k, calculate ID for VGS = 5V 

                     

 

Figure 7.40 For Example 14. 

 

 E-MOSFET Biasing Circuits [5] 

Recall that D-MOSFETs must have a VGS greater than the threshold value, 

VGS(th), so zero bias cannot be used. Figure 7.41 shows voltage-divider bias circuit 

of an E-MOSFET. In the voltage-divider, the purpose is to make the gate voltage 

more positive than the source by an amount exceeding VGS(th). Equations for the 

analysis of the voltage-divider bias become:   
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Figure 7.41 Voltage-divider bias of n-channel E-MOSFET. [5] 

 

Figure 7.42 shows drain-feedback bias circuit of an n-channel E-

MOSFET. In the drain-feedback bias circuit, the purpose is also to make the gate 

voltage more positive than the source by an amount exceeding VGS(th). In the drain-

feedback bias circuit, there is a negligible gate current and, therefore, no voltage 

drop across RG. This makes  VGS = VDS   

 

Figure 7.42 Drain-feedback bias of n-channel E-MOSFET. [5] 
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Example 15: Determine VGS and VDS for the E-MOSFET circuit. Assume this 

MOSFET has ID(on) = 200 mA at VGS = 4 V and VGS(th) = 2 V. 

 

 

Figure 7.43 For Example 15. [5] 

 

Solution: 

                                              

                    

Therefore, Q-point is at ID = 63.8 mA and VGS = 3.13 V. 
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Example 16: Determine the amount of drain current for the circuit shown in 

Figure 7.44. The MOSFET has a VGS(th) = 3 V.   

 

Figure 7.44 For Example 16. [5] 

 

Solution: 

 

  Therefore   

                    

 

 







































































































































































































































Unit 3 

Tutorial sheet 3.1 

Q1. Explain when the channel is said to be pinched-off and cut-off in MOS transistor? 

Q2. Find the value of R1 in the amplifier circuit shown below such that the quiescent drain 

to ground voltage becomes 10 V.  

 
Q3. Determine the voltage gain Av=V0/Vi for the amplifier circuit shown below, Vi is the 

input voltage between the gate terminal and ground. Neglect all capacitances 

 

Q4. With neat sketch, explain drain characteristics of an n-channel enhancement MOSFET? 

Q5. The figure below shows a source follower using n-channel MOSFETs. Assuming that 

M1 and M2 both are in saturation and have different transconductance parameters K1 

and K2 where 𝐾𝑖 =
𝜇𝑛𝐶𝑜𝑥

2
(
𝑊

𝐿
) 𝑖; 𝑖 = 1, 2 and symbols have their usual meaning. Derive 

an expression for Vout, in terms of Vin, VDD, Vs, VB, Vth and, K1 and K2. Find out the 

small signal voltage gain and DC offset voltage appearing at output.  

 



Q6. In the following circuit: 

 

If VDD=10V, Vtn=|Vtp|=1V, μnCox=2 μpCox μA/V2, W = 100 μm, L = 10 μm and |VA|= 

Early voltage = 100 V both for n and p devices, Iref = 100 μA, find the small voltage 

gain. 

Q7. Analyze the circuit of figure to determine the drain current and drain voltage. Assume 

that the depletion type MOSFET has VT= -1.0 V, k = 0.5 mA/V2 and λ = 0. 

 

Q8. For a particular IC fabrication, the quantity 
1

2
𝜇𝑛𝐶𝑜𝑥 = 10 μA/V2 and VT = 1 V. In an 

application in which VGS = VDS = Vsupply = 5 V a drain current of 0.8 mA is required of 

device of minimum length 2 μm. What value of channel width must the design use? 

Q9. Discuss about nMOS transistor as a switch and pMOS transistor as a switch? 

Q10. The amplifier shown in figure utilize an n-channel FET for which Vp = -2.0 V and IDSS 

= 1.65 mA. It is required to bias the circuit at IDS = 0.8 mA using VDD = 24 V. Assume 

rd >> Rd. Find (i) VGS, (ii) gm, (iii) Rs and (iv) Rd, such that the voltage gain is at least 

20 dB with RS bypassed with a very large capacitor CS. 

 



Unit 3 

Tutorial sheet 3.2 

Q1. Explain the MOS transistor operation with the help of neat sketches in the Depletion 

mode? 

Q2. For the E-MOSFET of below figure. Determine; 

 

a. gm 

b. Find rd 

c. Calculate Zi with and without rd and compare result. 

d. Calculate Z0 with and without rd and compare result. 

e. Find AV with and without rd and compare result. 

Given that k = 0.24 × 10-3 A/V2, VGSQ = 6.4; IDQ = 2.75 mA. 

Q3. Derive an equation for IDS of an n-channel Enhancement MOSFET operating in 

Saturation region? 

Q4. In the common source amplifier shown, evaluate voltage gain AV given RD = 2.7 kohm, 

μ = 50 and rds = 25 kohm. Derive the expression used. 

 

 

 



Q5. Find the value of R, where 1mA current for which PMOS transistor will be in the linear 

region. 

 

Q6.  (a) For a PMOS device, the threshold voltage is VTP = -2 V and the applied source-to-

gate voltage is VSG = 3 V. Determine the region of operation when: (i) VSD = 0.5 V; (ii) 

VSD = 2 V; and (iii) VSD = 5 V. (b) Repeat part (a) for a depletion- mode PMOS device 

with VTP = 0.5 V.  

Q7. Derive an equation for transconductance of an n-channel enhancement MOSFET 

operating in active region? 

Q8. In the circuit shown below, For MOS transistor μnCcox = 100 μA/V2, VT = 1 V. What is 

the value of Vout? 

 

Q9. Give the high frequency small-signal circuit of a MOSFET with load resistance 

showing the effect of Miller capacitance. Also derive an expression for the Miller 

Capacitance and cut-off frequency (fT). 

Q10. In a self-bias n channel JFET, the operating point is to be set at ID = 1.5 mA and VDS = 

10 V. The JFET parameters are IDSS = 5 mA and VP = -2V. Find the value of Rs and 

RD for given VDD = 20 V, draw the circuit diagram also. 



Unit 4 

Tutorial sheet4.1 

Q1. What do you understand by feedback in amplifiers? Explain the terms feedback factor 
and open loop gain. 

Q2. What are the different types of negative feedback? Explain how the input and output 
impedances of an amplifier are affected by different types of negative feedback? 

Q3. What is the sensitivity of an amplifier? 
Q4. An amplifier with open loop voltage gain A0 = 1000 ± 100 is available. It is required 

to have an amplifier whose voltage gain varies by no more than ± 0.1 percentage. 
a. Find the value of the feedback factor required. 
b. Find the gain with feedback 

Q5. What are the effect of negative voltage series feedback on the characteristics of an 
amplifier? Derive an expression for input resistance of such an amplifier with 
feedback in terms of input resistance and feedback factor. 

Q6. An amplifier with open loop voltage gain AV = 1000 ± 100 is available. It is required 
to have an amplifier whose gain varies by no more than ± 0.2 percentage. 

a. Find the reverse transmission factor β of the feedback network. 
b. Find the gain with feedback 

Q7. Show that a feedback amplifier can be made to work as an amplifier. 
Q8. An amplifier with an open loop voltage gain of 500 delivers 10 W of output power at 

5% second harmonic distortion when the input signal is 5 mV. If 20 dB negative 
feedback is applied and output power has to remain 10 W, determine  

a. The required input signal strength. 
b. The percentage second harmonic distortion 

Q9. For the fb amplifier shown below determine: 
a. Rmf =V0/Is, where Is = Vs/Rs 
b. Avf = V0/Vs and  
c. Rif 

Assume Re = 0, hfe =100, hie = 1kΩ, hre = hoe = 0. 

 
Q10. State the condition of (1 + Aβ) for which a feedback amplifier must satisfy in order to 

be stable. 

 



Unit 4 

Tutorial sheet 4.2 

Q1. Explain the main difference between an amplifier and an oscillator. 
Q2. State and briefly explain the Barkhausen criterion for oscillation. 
Q3. Determine the frequency of oscillation for the circuit shown below and the value of 

R1 needed to maintain oscillations. 

 
Q4. Derive the expression for the frequency of oscillations and condition for sustained 

oscillations in a Colpitt’s oscillator. 
Q5. Explain the principle of working of transistor Hartely oscillator. Draw circuit 

diagramand briefly function of each component. 
Q6. In an Hartley oscillator, if L1 = 0.2 mH, L2 = 0.3 mH and C = 0.003 μF, 

calculate the frequency of its oscillations. 
Q7. Minimum three identical RC high pass section connected in cascade are 

required in a phase shift oscillators. Justify, one such phase shift oscillator is 
shown below. Why is R of one section connected to virtual ground instead of 
actual ground? 

 
Determine the value of Rf. What should be next higher number of high pass section 
connected in cascade? Draw the corresponding circuit of the oscillator. 

Q8. Explain the principle of Clapp oscillator. 

 

 



Q9. Consider the AC equivalent circuit of a MOSFET Colpitts oscillator. 

 
Derive the expression for the oscillation frequency. Also find the condition on 
the gain to initiate the oscillations spontaneously. 

Q10. As per the Barkhausen criterion, the positive feedback exists over a particular 
frequency range and the resulting feedback signal reinforces the error signal. Explain 
the phenomenon which limits the amplitude of oscillations under steady state. 
(Consider the figure given in Q9.) 
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