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MOSFET Small signal analysis
Outline

6.1 Small Signal Model of MOSFET
6.2 Common Source (CS) Amplifier
6.3 Common Gate (CG) Amplifier
6.4 Common Drain or Source Follower Amplifier
6.5 CMOS Digital Logic Inverter 

Small Signal Models of MOSFET MOS Transconductance
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(Transconductance of MOSFET)

voltage-controlled current source,

gm is linearly proportional to ID
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Model with Output Resistance
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MOSFET Amplifier

Figure  4.26 (a) Basic structure of the common-source amplifier. (b) Graphical construction to determine the transfer characteristic of 
the amplifier in (a).

Figure  4.26 (Continued) (c) Transfer characteristic showing operation as an amplifier biased at point Q.

MOSFET Amplifier

Figure 4.28 Example 4.8.

Input signal of amplifier circuit Output signal of amplifier circuit



Realization of Current Sources Ex 1 Determine the bias current of M1 in Fig. 7.1 assuming μnCox = 100 μA/V2 ,
VTH = 0.5 V, W/L = 5/0.18, and λ = 0. What is the maximum allowable value of RD for 
M1 to remain in saturation?

Figure 4.31 Circuit for Example 4.9.

Ex 2 Determine the bias current of M1 in Fig. assuming Kn = 0.5 mA/V2,
VTH = 0.5 V and λ = 0

Ex 3 Calculate the drain current of M1 in Fig. 7.3 if μnCox = 100 μA/V2, VTH = 0.5 V,
and λ = 0. What value of RD is necessary to reduce ID by a factor of two?



6.2 Common Source (CS) Amplifier
Small Signal Analysis
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CS Stage with Degeneration

CS Core with Biasing



6.3. Common Gate (CG) Amplifier

Dmv RgA =

Input impedance and Output impedance

m
in g

R 1
= Dout RR =

Input impedance



Output impedance

CG Stage with Biasing



6.4. Common Drain or Source Follower Amplifier

Output impedance of the source follower. Source Follower with Biasing



CMOS Technology

Simplified circuit schematic for the inverter.

The CMOS inverter

Comparison of Bipolar and MOS Devices

Figure E4.16 

Ex The CMOS inverter



Figure 4.25 Circuits for Example 4.7.

The CMOS inverter analysis Voltage transfer characteristic of the CMOS inverter.

Figure 4.56 The voltage transfer characteristic of the CMOS inverter.

Figure 4.57 Dynamic operation of a capacitively loaded CMOS inverter: (a) circuit; (b) input and output waveforms; 
(c) trajectory of the operating point as the input goes high and C discharges through QN; (d) equivalent circuit during the 
capacitor discharge.

v1 is high: (a) circuit with v1 = VDD (logic-1 level, 
or VOH);  (b) graphical construction to determine 
the operating point; and  (c) equivalent circuit.

CMOS inverter operation



v1 is low: graphical construction to determine the operating 
point; and  (c) equivalent circuit.
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