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Course Objectives: 
 Students will be able understand the basic principles of all semiconductor devices. 
 Able to analyze diode circuits, various biasing and small signal equivalent circuits of 

amplifiers, compare the performance of BJTs and MOSFETs 
 Able to design rectifier circuits and various amplifier circuits using BJTs and 

MOSFETs. 
 

Course Outcomes: After the completion of the course students will be able to 
 Understand principle of operation, characteristics and applications of semiconductor 

diodes, special diodes, BJTs, JFET and MOSFETs. (L2) 
 Applying the basic principles solving the problems related to Semiconductor diodes, 

BJTs, and MOSFETs. (L3) 
 Analyze diode circuits for different applications such as rectifiers, clippers and 

clampers also analyze biasing circuits of BJTs, and MOSFETs. (L4) 
 Design of diode circuits and amplifiers using BJTs, and MOSFETs. (L4) 
 Compare the performance of various semiconductor devices. (L4) 

 
UNIT I 
PN junction diode: Review, diode current equation, Diode resistance, Transition and 
Diffusion Capacitance, effect of temperature on PN junction diode, Quantitative analysis of 
Half-wave, Full-wave and Bridge Rectifiers with and without Filters, Ripple Factor and 
Regulation Characteristics, Illustrative problems. 

 
Special Diodes: Construction, operation and VI characteristics of Tunnel Diode, Varactor 
Diode, LED, LCD, Photo Diode, SCR and UJT. 

 
UNIT II 
Review of Bipolar Junction Transistors, Characteristics, Transistor as an Amplifier and as a 
Switch, BJT Configurations, Limits of Operation. 

 
Biasing and Stabilization: Operating Point, DC and AC Load Lines, Importance of Biasing, 
Fixed Bias, Collector to Base Bias, Self-Bias, Bias Stability, Thermal Runaway, Thermal 
Stability. 

 
UNIT III 
BJT Small Signal Operation and Models- the transconductance, input resistance at the base, 
input resistance at the emitter, Voltage gain, separating the Signal and the DC Quantities, The 
Hybrid π Model. Single Stage BJT Amplifiers - Common-Emitter (CE) amplifier without and 
with emitter resistance, Common-Base (CB) amplifier, Common- Collector (CC) amplifier or 
Emitter Follower, Problem solving. 
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UNIT IV 
Junction Field Effect Transistor (FET): Construction, Principle of Operation, V–I 
Characteristics, Comparison of BJT and FET, FET as Voltage Variable Resistor. FET 
biasing. 

 
MOS Field Effect Transistors: Introduction, Device Structure and Physical Operation, 
CMOS, V - I Characteristics, MOSFET Circuits at DC, MOSFET as an Amplifier and as a 
Switch. Biasing in MOS Amplifier circuits - biasing by fixing VGS with and without source 
resistance, biasing using drain to gate feedback resistor, biasing using constant current 
source, body effect, Problem solving. 

 
UNIT V 
MOSFET Small Signal Operation Models– the dc bias, separating the DC analysis and the 
signal analysis, Small signal equivalent circuit models, the transconductance, the T equivalent 
circuit model, Single stage MOS Amplifiers – common source (CS) amplifier without and 
with source resistance, common gate (CG) amplifier, source follower, Problem Solving. 

 
Textbooks: 

1. Adel S. Sedra and Kenneth C. Smith, “Microelectronic Circuits – Theory and 
Applications”, 6th Edition, Oxford Press, 2013. 

2. J. Milliman and C Halkias, “Integrated electronics”, 2nd Edition, Tata McGraw Hill, 
1991. 
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Hill (India), 2019. 

2. Behzad Razavi, “Microelectronics”, Second edition, Wiley, 2013. 
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ECE 255, MOSFET Small Signal

Analysis

6 March 2018

In this lecture, we will introduce small-signal analysis, operation, and models
from Section 7.2 of Sedra and Smith. Since the BJT case has been discussed, we
will now focus on the MOSFET case. In the small-signal analysis, one assumes
that the device is biased at a DC operating point (also called the Q point or the
quiescent point), and then, a small signal is super-imposed on the DC biasing
point.

1 The DC Bias Point and Linearization–The MOS-
FET Case

Before one starts, it will be prudent to refresh our memory on the salient features
of the MOSFET from Table 5.1 of Sedra and Smith. Also, Figure 1 is included
to remind one of the definition of the relationship between VGS , VOV , VGD, and
VDS . When VDS > VOV , the channel region is not continuous, and pinching
occurs. The device is in the saturation region.

Printed on March 14, 2018 at 10 : 47: W.C. Chew and S.K. Gupta.
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Figure 1: A figure to remind us of the definition of vGS , vOV , vDS , and vGD in
the triode region (Courtesy of Sedra and Smith).

Figure 2 illustrates an NMOS operating as an amplifier. It is being biased
with a DC voltage, and a small signal is superimposed on top of the DC voltage.

Figure 2: Circuit diagram of a transistor MOSFET (NMOS) amplifier with
a small time-varying signal superimposed on top of a DC voltage bias source
(Courtesy of Sedra and Smith).

Before proceeding further, one is also reminded of the i-v characteristics of
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a MOSFET. Namely, that in the saturation region

iD =
1

2
kn(vGS − Vt)2 =

1

2
knv

2
OV (1.1)

where
vGS = VGS + vgs, vOV = VOV + vov (1.2)

where vOV = vGS − Vt. Again, the notation will be that the total value is
denoted by a lower-case letter with upper-case subscript, the DC value or the
Q point is denoted by a upper-case letter with upper-case subscript. The small
signal is denoted by a lower-case letter with lower-case subscript. However,
the threshold voltage, which is a DC value is denoted as Vt in order not to be
confused with VT the thermal voltage.

It is noted that the overdrive voltage vOV is defined as

vOV = vGS − Vt = VGS + vgs − Vt (1.3)

If we further define that vOV = VOV + vov, equating the time varying and DC
parts, one gets

VOV = VGS − Vt, vov = vgs (1.4)

If the time-varying signals are turned off, then (1.1), keeping only the DC signals,
becomes

ID =
1

2
kn(VGS − Vt)2 =

1

2
knV

2
OV (1.5)

which is the i-v relation obtained at the Q point, or the operating point.
In (1.1), by letting

vGS = VGS + vgs (1.6)

then

iD =
1

2
kn(VGS +vgs−Vt)2 =

1

2
kn(VGS−Vt)2+kn(VGS−Vt)vgs+

1

2
knv

2
gs (1.7)

For small signal analysis, vgs is assumed to be small. Then v2gs is even smaller;
and hence, the last term can be ignored in the above. By letting the total
current here as iD = ID + id, a DC term plus a time-varying term, then from
the above, one can see that the time-varying term is approximately given by

id ≈ kn(VGS − Vt)vgs = gmvgs (1.8)

where quadratic term proportional to v2gs has been ignored, and

gm = kn(VGS − Vt) = knVOV =
id
vgs

=
∂iD
∂vGS

∣∣∣∣
vGS=VGS

(1.9)

The above has the unit of conductance, and it is called the MOSFET transcon-
ductance. The last equality follows from that the transconductance is the ratio
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between two incrementally small quantities at the operating point. This incre-
mental relationship is shown in Figure 3.

A more detail analysis by comparing the last two terms on the right-hand
side, one can show that the last term in (1.7) can be ignored if

vgs � 2(VGS − Vt) = 2VOV (1.10)

Also, it is seen from the Figure 3 that in order for the small signal analysis to
be valid, it is required that vgs � 2VOV .

Figure 3: Graphical depiction of the small signal analysis for MOSFET (Cour-
tesy of Sedra and Smith).

Furthermore, it is seen that at the DC operating point, by KVL

VDS = VDD −RDID (1.11)

If VDD is held fixed, then by KVL again

vDS = VDD −RDiD = VDD −RD(ID + id) = VDD −RDID −RDid (1.12)

From the above, by first letting vDS = VDS + vds, and then equating the time-
varying terms and the DC terms, one concludes that the time varying part of
vDS , or vds, is given by

vds = −idRD = −gmvgsRD (1.13)

5



One can define the voltage gain as

Avo =
vds
vgs

= −gmRD (1.14)

The negative sign comes about because an increase in vgs causes an increase
in id, causing the rise in the voltage drop across RD, and hence, a drop in the
voltage vgs. This sign reversal is indicated in Figure 4.

Figure 4: Total instantaneous voltage vGS and vDS for the circuit in Figure 2.
Note the sign reversal of the amplified signal (Courtesy of Sedra and Smith).
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2 Small Signal Equivalent-Circuit Models

By looking at the i-v characteristic curve of the MOSFET as shown in Table 5.1,
it is seen for incremental vds, the current id does not change. This relationship
can be modeled by a current source. Moreover, the gate of the MOSFET is
essentially an open circuit at DC. Hence, the small-signal equivalent-circuit
model is presented in Figure 5(a).

Figure 5: The small-signal model for a MOSFET: (a) no Early effect (channel-
length modelulation effect); (b) Early effect is included by adding ro = |VA|/ID
(Courtesy of Sedra and Smith).

When the Early effect has to be accounted for, an output resistor ro can be
added as shown in Figure 5(b). The value of ro is given as

ro =
|VA|
ID

, where ID =
1

2
knV

2
OV (2.1)

where VA = 1/λ, and −VA is the negative intercept of the i-v curve.
Here, ro is typically 10 kΩ to 1000 kΩ. When ro is included, then the voltage

gain becomes

Av =
vds
vgs

= −gm(RD||ro) (2.2)

In other words, the inclusion of ro reduces the voltage gain.
The above analysis can be used for PMOS by noting for the sign change in

PMOS, and by using |VGS |, |Vt|, |VOV |, and |VA| in the formulas, and replacing
kn with kp.

3 Transconductance gm

The transconductance can be looked at with more details by using kn = k′n(W/L),
giving

gm = k′n(W/L)(VGS − Vt) = k′n(W/L)VOV = µnCox(W/L)VOV (3.1)
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The transconductance can be increased by increasing the W/L ratio, and also
increasing the overdrive voltage VOV . But increasing VOV implies that the
operating point for VDS has to increase in order for the MOSFET to be in the
saturation region.

Also, by using the fact that

ID =
1

2
knV

2
OV =

1

2
k′n(W/L)V 2

OV (3.2)

or that VOV =
√

2ID/(k′n(W/L)), then gm in (3.1) can be alternatively rewrit-
ten as

gm =
√

2k′n(W/L)ID (3.3)

implying that gm is proportional to the square roots of the drain current ID,
and W/L. At this point, note that

1. The transconductance gm of a MOSFET is geometry dependent whereas
that of the BJT is not.

2. The transconductance of a BJT is much larger than that of a MOSFET.

For example, with biasing point of ID = 50 mA, with k′n = 120 µA/V2, with
W/L = 1, gm = 0.35 mA/V, whereas when W/L = 100, gm = 3.5 mA/V. But
typically, the gm = 20 mA/V for BJT when IC = 0.5 mA.

Alternatively, by seeing that ID = 1
2knV

2
OV from (1.5) and that gm = knVOV

from (1.9), an by dividing the two equations, it can be shown that

gm =
2ID
VOV

(3.4)

Since gm is an incremental relationship, this relationship can be shown graphi-
cally as in Figure 6 where the slope is also shown graphically.
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Figure 6: The relationship between ID, VOV , and gm as shown in the iD versus
vOV curve (Courtesy of Sedra and Smith).

The above equations indicate that a designer can change gm by altering
W/L, VOV , and ID.

4 The T Equivalent-Circuit Model

The hybrid-π equivalent-circuit model can be replaced by the T equivalent-
circuit model. The morphing of a bybrid-π model to the T model is shown in
Figure 7.

1. The current source in the hybrid-π model can be split into two without
affecting the branch current. This is seen from the morphing of Figure
7(a) to Figure 7(b).

2. Note that the gate current is zero. The point X can be connected to the
gate input, and yet the gate current is zero because of KCL at X. This is
indicated in Figure 7(c).

3. But the second voltage-controlled current source is just the voltage and
current relation of a resistor whose resistance is 1/gm. Hence, it can be
replaced by a resistor as shown in Figure 7(d).

Notice that in the T equivalent-circuit model, due to its construction, and
KCL, the gate current is always zero, implying that its resistance is infinite.
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Figure 7: The morphing of the hybrid-π equivalent circuit model in (a) to the
T equivalent circuit model in (d) (Courtesy of Sedra and Smith).

Also as the morphing of the hybrid-π equivalent-circuit model to the T
equivalent-circuit model is unaffected by connecting a resistor between D and
S, an ro can be thus connected to account for the Early effect or the channel-
modulation effect as shown in Figure 8(a). Figure 8(b) is an alternative way of
representing the T equivalent-circuit model, so that the gate current is always
zero by KCL.

10



Figure 8: The morphing of the π equivalent-circuit model to the T equivalent
circuit model is still valid if a resistor is connected between the drain D and the
source S. Hence, in (a), ro can be connected to account for the Early effect. (b)
shows an alternative T model that is equivalent (Courtesy of Sedra and Smith).
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ELECTRONIC DEVICES AND CIRCUITS  
DEPT. OF ELECTRONICS AND COMM. ENGINEERING 

IMPORTANT QUESTIONS   
 

PART-A (2 Marks) 

1. Differentiate drift and diffusion currents? 
2. Define intrinsic semi conductor, write example. 
3.  Define static and dynamic resistance of P-N diode. 
4.  Draw PN Junction Diode Characteristics. 
5.  Explain how P-N junction diode acts as a Rectifier. 
6. Write the formula for β in terms of α, and in terms of of a NPN transistor 
7. Explain how P-N junction diode acts as a Rectifier. 
8. Why BJT is a current controlled Transistor? 
9. Common collector is also called as “emitter follower”. Justify it? 
10.  Write about thermal runaway. 
11. Define pinch-off voltage. 
12.  Define the Stability factors for Fixed Bias Circuit. 
13.  Explain how transistor works as an amplifier. 
14. Define the Stability factors for Fixed Bias Circuit. 
15.  What is the need of biasing? 
16.  Draw h-parameter model for CE amplifier 
17. What are the parameters in Two port network? 
18. Define the transconductance   gm.  
19. Draw the structure and symbol of N-Channel JFET. 
20.  Mention small signal parameters of JFET. 
21.  Differentiate between BJT and JFET. 
22.  How FET acts as Voltage Variable Resistor? 
23. Write the definition of pinched off Voltage Vp. 
24. What is Threshold voltage Vt. 
25. Write the Drain current equation for saturation region ID. 

 

PART-B (10 Marks) 
1. Explain the operation of forward biased and reverse biased PN junction Diode and draw 

its complete V - I Characteristics. 
2. Draw the full wave rectifier with π-section filter & explain its operation along with 

derivation for ripplefactor. 
3. What is tunneling phenomena? Explain the principle of operation of tunnel diode  with its 

characteristics. 
4. Explain temperature dependence of V-I characteristics in PN junction diode. 
5. Explain about Tunnel diode (Esaki) in detail with Construction and operation 
6. Explain the Uni-Junction Transistor (UJT) With V-I Characteristics. 

7. Draw and explain the input and output characteristics of BJT Connected in common 
Emitter (CE) configuration. 

8. Explain input and output characteristics of transistor in CB configuration with neat 
diagram. 



 
 

9. Explain the collector to base bias method along with circuit diagram and derive the 
stability factor’s for it. 

10. Draw the circuit diagram of a voltage divider bias and derive expression for Stability 
factor. 

11. Explain the transconductance and input resistance at the base in BJT Small Signal 
Operation and Models. 

12. Derive the operating point using AC and DC load lines. 
13. Draw and explain the BJT Small Signal Operation and its equivalent Models for 

Common-Base (CB) amplifier. 
14. Explain the working of an N channel JFET, draw explain the V-I characteristics of the 

different regions. 
15. Describe the construction and working principle of Enhancement mode and depletion 

mode MOSFET and draw its characteristics. 
16. Draw and explain the construction , operation of Enhancement P-Channel MOSFET and 

explain the three regions of operation of a MOSFET. 
17. Draw the small-signal model of common drain MOSFET amplifier. Derive expressions 

for the transconductance.  
18. Explain the common source (CS) amplifier without and with source resistance for small-

signal model and Derive expressions for voltage gain and Input and output Impedance. 
19. Draw and explain construction and operation of Enhancement mode MOSFET with its 

characteristics. 
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ANNAMACHARYA INSTITUTE OF TECHNOLOGY AND SCIENCES::KADAPA 
 (AUTONOMOUS) 

B.Tech II Year I   Semester (HM23) Regular Examinations, November 2024 
ELECTRONIC DEVICES AND CIRCUITS 
(Electronics & Communication Engineering) 

Time: 3 hours           Max. Marks: 70 
---------------------------------------------------------------------------------------------------------------------------------- 
Note: 1. Question Paper consists of two parts (Part-A and Part-B) 
          2. In Part-A, each question carries two marks. 
          3. Answer ALL the questions in Part-A and Part-B 

 

PART-A 
(Compulsory Question)  

 

1. Answer all the following short answer questions       ( 10 X 2 = 20M ) CO 
Blooms 
Level 

a) Draw symbol for PN Diode and LED  CO1 L1 

b) Compare half wave rectifier and full wave rectifier CO1 L2 

c) Define current amplification factor CO2      L1 

d) What is the need of biasing? CO2 L1 

e) Draw h-parameter model for CE amplifier CO3 L2 

f) What is emitter follower? Draw the circuit diagram of CC configuration CO3 L1 

g) Why the input impedance of FET is higher than BJT CO4 L1 

h) Explain how FET acts as a voltage regulator CO4 L2 

i) Discuss the gain and frequency response characteristics of MOSFET amplifier CO5 L2 

j) Sketch the drain and transfer characteristics of MOSFET in enhancement mode CO5 L2 

 

PART-B 
Answer five questions by choosing one question from each unit ( 5 x 10 = 50 Marks ) 

   Marks CO 
Blooms 
Level 

  UNIT-I    

Q.2.  Define the following: 
i. forward static and dynamic resistances of diode. 
ii. diffusion capacitance 
iii. transition capacitance. 10 CO1 L2 

  OR    

Q.3.  A 230V, 60Hz voltage is applied to the primary of a 5:1 step down, 
center tapped transformer used in a full wave rectifier having a load 
of 900Ω. If the diode resistance and the secondary coil resistance 
together has a resistance of 100Ω, determine 
 i) dc voltage across the load ii) dc current flowing through the load 
iii) dc power delivered to the load iv) PIV across each diode 10 CO1 L3 

  UNIT-II    

Q.4. a Explain the working of PNP transistor. 5 CO2 L2 

 b Compare between CB, CE, and CC Amplifier Configurations 5 CO2 L5 

Hall Ticket No           
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  OR    

Q.5.  Explain how self biasing can be done in a BJT with relevant sketches 
and waveforms. 10 CO2 L2 

  UNIT-III    

Q.6.  Draw the circuit diagram and low frequency equivalent circuit of 
common emitter amplifier and derive an expression for its voltage 
gain. 10 CO3 L4 

  OR    

Q.7.  Derive all components in the Hybrid-π model in terms of h parameters in 
CE configuration. 10 CO3 L6 

  UNIT-IV    

Q.8.  With the help of neat diagram, explain about operation of an N- 
channel JFET 10 CO4 L4 

  OR    

Q.9. a An n-channel JFET has IDSS =10mA and VP = - 2V. Determine the 
drain source resistance rds for (i) VGS =0V. (ii) VGS = - 0.5V. 5 CO4 L3 

 b Why we call FET as a Voltage Controlled Device 5 CO4 L2 

  UNIT-V    

Q.10.  Draw the low frequency model for Common Drain FET amplifier 
and derive the equation for its voltage gain. 10 CO5 L6 

  OR    

Q.11.  Draw and explain drain and transfer characteristics of depletion type 
MOSFET 10 CO5 L4 

*** End *** 
 


