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Lecture #20  

n - FETs

e circuits and devices.
Lecture 20

Small-Signal Modeling & Linear Amplificatio
Outline/Learning Objectives:
• Describe the FET as an amplifier

• Define and describe the use of coupling and bypass capacitors

• Define and describe the small-signal model for the pn junction diode.

• Analyze FET amplifiers using a two-part process:

• (1) dc Analysis:
• (a) construct the dc equivalent circuit;
• (b) solve for the Q-point.
• (2) ac Analysis:
• (3) construct the ac equivalent circuit;
• (4) replace the FET by its small-signal model;
• (5) solve the ac circuit.

• Define and describe the small-signal-model of the FET.

• Analyze the FET common-source (C-S) amplifier.

• Use the electronics laboratory to investigate the electrical behavior of simpl
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Small Signal Model of MOSFET  
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Amplification Factor (µf)
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For ,  

ID gm ro

1 µA 4.76x10-5 S 85.20 MΩ

10 µA 1.51x10-4 S 8.52 MΩ

100 µA 4.76x10-4 S 852 kΩ
1 mA 1.51x10-3 S 85.2 kΩ

10 mA 4.76x10-3 S 8.52 kΩ
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Definition of Small-Signal Operation of MOSFET
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Summary of MOSFET Small-Signal Parameters 
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The small signal model of the PMOS transistor is identical to that 

sistor.

Parameter MOSFET

Transconductance gm 

Input Resistance

Output Resistance ro

Amplification Factor µf
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PSPICE EXAMPLE

\PSpice.ini file:

VDD
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*Libraries: 

* Local Libraries :

.LIB ".\example8.lib" 

* From [PSPICE NETLIST] section of C:\Program Files\OrcadLite\PSpice

.lib "nom.lib" 

*Analysis directives: 

.TRAN  0 20ms 0 10u 

.PROBE V(*) I(*) W(*) D(*) NOISE(*) 

RG3

1Meg

RD20k

RG1

2Meg

M3

Mbreakn

RG2

2Meg R3

100k

FREQ = 1k
VAMPL = 1m
VOFF = 0

C3

100u

C2
100u

10v

R1

10k

C1

100u

Lambda=0.0167

VTO=1
Kn=500u
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PSPICE EXAMPLE (Cont’d)
Lecture 20

.INC ".\example8-SCHEMATIC1.net" 

**** INCLUDING example8-SCHEMATIC1.net ****

* source EXAMPLE8

R_RG1         0 N00114  2Meg  

R_R3         0 N00510  100k  

M_M3         N00072 N00114 0 0 Mbreakn           

C_C2         N00186 0  100u  

R_RD         N00072 N00350  20k  

V_VDD         N00350 0 10v

R_RG3         N00186 N00072  1Meg  

C_C1         N006390 N00114  100u  

R_R1         N00748 N006390  10k  

R_RG2         N00114 N00186  2Meg  

C_C3         N00072 N00510  100u  

V_Vin         N00748 0  

+SIN 0 1m 1k 0 0 0

**** RESUMING example8-SCHEMATIC1-Example7Profile.sim.cir ****

.END
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PSPICE EXAMPLE (Cont’d)

**********

000 DEG C

**********

E   VOLTAGE

  10.0000     

        
Lecture 20

 ****     MOSFET MODEL PARAMETERS

********************************************************************

Mbreakn         

NMOS            

LEVEL    1            

L  100.000000E-06 

W  100.000000E-06 

VTO    1            

KP  500.000000E-06 

GAMMA    0            

PHI     .6          

LAMBDA     .0167       

****     INITIAL TRANSIENT SOLUTION       TEMPERATURE =   27.

********************************************************************

 NODE   VOLTAGE     NODE   VOLTAGE     NODE   VOLTAGE     NOD

(N00072)    4.9182 (N00114)    1.9673 (N00186)    3.9345 (N00350) 

(N00510)    0.0000 (N00748)    0.0000 (N006390)    0.0000           
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PSPICE EXAMPLE (Cont’d)

6ms 18ms 20ms
Lecture 20

VOLTAGE SOURCE CURRENTS

NAME         CURRENT

V_VDD       -2.541E-04

V_Vin        0.000E+00

TOTAL POWER DISSIPATION   2.54E-03  WATTS

JOB CONCLUDED

TOTAL JOB TIME             .39

Time

0s 2ms 4ms 6ms 8ms 10ms 12ms 14ms 1
V(R3:2) V(R1:1)

-8.0mV

-4.0mV

0V

4.0mV

8.0mV


