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Problem 1: The MOSFET as a Resistor

Consider an n+-poly-Si-gated long-channel n-MOSFET with W/L = 10, effective gate-oxide thickness Toxe = 2 nm, and substrate (body) dopant concentration NA = 1018 cm-3:

(a) Calculate the gate-to-source voltage VGS required for the MOSFET to present a resistance of 1 k between the source and drain at low values of VDS. 

(Note: You will need to solve this problem iteratively when you consider the dependence of effective mobility eff on the effective vertical electric field, as shown in Slide 4 of Lecture 20.)

(b) What is the inversion-layer electron density Qinv/q (electrons/cm2) corresponding to your answer in part (a)?
(c) Using the AC inversion centroid (Slide 15 of Lecture 18) as an estimate of the inversion layer thickness Tinv, what is the average carrier concentration (electrons/cm3) in the inversion layer corresponding to your answer in part (a)?
Problem 2: Long-Channel MOSFET I-V Characteristics

For the MOSFET of Problem 1:
(a) Calculate the bulk charge factor, m.

(b) Sketch the IDS vs. VDS curves for VGS = 0.5V and VGS = 1.0V, for 0V ≤ VDS ≤ 1.0V.  Assume that the channel-length modulation parameter  = 0.1.  Indicate numerical values for VDsat and IDsat.

(c) Indicate qualitatively how the IDS vs. VDS characteristic in part (b) would change if the body dopant concentration NA were to be increased.  (Be careful to consider the impact on VT, eff, m and .)

Problem 3: Impact of Body Biasing on MOSFET VT
For the MOSFET of Problem 1:
(a) Calculate the body effect parameter, .

(b) Plot VT for 0V < VSB < 2V.  Why aren’t we interested in negative values of VSB?
(c) How can the body effect (i.e. the increase in |VT| with reverse body biasing) be minimized?

Problem 4: MOSFET Design Project Preparation

This exercise is intended to help you prepare to run MOSFET simulations using the software package Synopsys Sentaurus, in preparation for your design project.  You will need to use your EE130 class computer account.

(a) If you plan to team with a partner for the MOSFET design project, please indicate his/her name.

(b) After watching the video tutorial on using Sentaurus (to be posted on the course website soon), download and unpack the project within Sentaurus workbench.  (This simulation setup will be used for your course project.)  Afterwards, familiarize yourself with the basic simulation frames.  
Briefly describe the purpose of each simulation component:

(i) Sentaurus Structure Editor (SDE)
(ii) Sentaurus Device (SDEVICE)
(iii) Sentaurus Inspect (INSPECT)
(c) Preprocess the whole simulation flow and find the node in the SDE simulation which gives you the generated device structure.  Print it out and turn it in with your assignment.
(d) Extract and plot the absolute doping concentration as a function of distance along the channel direction (from the source region to the drain region), at a distance 2nm beneath the SiO2/Si interface.

