Guided exercise_ 1:
Simulation testing of MOSFET hand-calculation model parameters

General notes
Before using a new technology many of authors recommend to become familiar with it by performing some simple but essential simulations. 

The aim of this exercise is to determine the most important parameters of the MOS transistor.
The design of the analog MOS circuits is starting with hand-calculation analysis and sizing based on the following simplified formulas:
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These equations describe the behavior of the MOST in strong inversion, saturation region. This is the typical biasing for analog circuits.
To apply these formulas the values of the following parameters is necessary to know:

· Threshold voltage VTN0;

· Transconductance parameter μnCox;

· Channel length modulation coefficient λ.

Exercise_1: Using the typical mean parameters of the 0.35μm CMOS technology of AMS, given in file cmos_tm.lib determine the threshold voltage VTN0 and the transconductance parameter μnCox for n-MOST.

Instructions for solution
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	Fig.1. Test circuit


Fig.1 shows the test-circuit for determination of the threshold voltage VTN0 and the transconductance parameter μnCox for n-MOST. 
The transistor is operating in the saturation region -
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, so we can avoid the influence of the channel modulation coefficient λ (λ is inverse proportional of L). 
Then the equation (2) simplifies to 
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From this equation we can obtain
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Consequently, for determination of the seeking parameters we need of the characteristic, which is described with (6). To obtain it we can use the Spice simulator. 
To this aim the DC sweep of ID from 1uA to 200uA (practically this range is wider than typical operating region of the transistors in analog circuits) is specified.
After, from the menu of the Schematic editor we choose:
Analysis
Setup

DC sweep…..

Current source: ID
Sweep type: Linear
Start value:1 μA

End value:200 μA

Increment:0.01 μA
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	Fig.2. Results from the simulation


The obtained graphical results are shown in Fig.2. After, the data from PSpice are transferred in Excel. The chart is plotted and using the least-squares method the trendline is obtained. Its equation is 
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Comparing the equations (6) and (7) we find:


[image: image9.wmf]2

ox

n

ox

n

0

TN

V

/

A

104

C

91

.

138

C

2

V

44

.

0

V

m

=

m

=

m

=


Consequently, for hand-calculations we can use 
[image: image10.wmf].
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Exercise_2. Estimate the values of the threshold voltage VTP0 and the transconductance parameter μpCox for p-MOST.

Exercise_3. Propose and prove the simulation method for estimation of parameter λ for n-MOS and p-MOS transistors.
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