UNIVERSITY OF CALIFORNIA

College of Engineering

Department of Electrical Engineering and Computer Sciences

EECS 130 






      Professor Chenming Hu

Spring 2006                                                                              

EE130 MOSFET Project

Due: Last day of Class by 5pm.
I. Project Description:

In this project you and one teammate will characterize and analyze an NMOSFET targeted at the high performance 45 nm node. You will gain the experience of using MEDICI, the same device simulator that many leading companies use, as well as obtain insight into the detailed inner workings of the MOSFET. You will be able to access the simulator remotely via SSH login.

We estimate that it will take 5 to 10 hours to complete the project. We suggest that you follow these steps:

1. Read Section II: Getting Started

2. Read Section III: Simulator Overview

3. Read Section IV: Project Assignment
II. Getting Started:

A. Obtaining an EECS Instructional Account

In this project you will be using TSURPEM and MEDICI simulators. To obtain access you must have an EECS instructional account. To obtain one you need to SSH into cory.eecs.berkeley.edu. When prompted for username and password enter: newacct for both. Enter your SID and follow the directions. 

See: http://inst.eecs.berkeley.edu/share/b/pub/pdf/signs/How-to-Get-Named-Acct.pdf 
for more information regarding instructional accounts. Please e-mail GSIs if you are having trouble obtaining an account. 
B. Accessing the Tools

Once you obtain access you can SSH into the instructional servers, c199.eecs.berkeley.edu, pulsar.eecs.berkeley.edu, quasar.eecs.berkeley.edu, etc… 

You will also need Exceed running to obtain graphical output when running simulations. Both SSH Secure Shell and Exceed are available on all computers in EECS instructional computer labs. They can also be downloaded on your home computer from the following website: http://software.berkeley.edu/index.html
C. Provided Files
We have provided you with two input files downloadable from the website under project:
EE130nmosfab.in: This is the TSUPREM4 file containing the process flow necessary to build this device. When you run this file ONCE, another file EE130nmos.str will be created, which will be imported into MEDICI.

EE130nmostest.in: This is the MEDICI simulation template file. Most of the initial statements have been written in for you. You are required to add the rest for ramping voltages and generating plots and cutlines.

D. Process Variation Modification (*IMPORTANT*)

To make this project more interesting we have introduced three process variations across the class based on SID numbers. Open EE130nmosfab.in and go to STEP1, STEP2, and STEP5 and read the directions carefully. Based on your and your partner’s SID numbers, you will change the oxidation time, VT adjust implant dose, and angled HALO implant dose (for leakage reduction). Save the file.

E. How to Run Simulation

First run TSUPREM4 after you have made the two changes described above. You will need to SSH into one of the servers named above.

>> tsuprem4 EE130nmosfab.in

This will create the structure file EE140nmos.str. (Note: You only need to run TSUPREM4 once!) Then you can run MEDICI anytime once you know how to simulate the IV. See Simulator Overview for help.

>> medici EE130nmostest.in

III: Simulator Overview

A. Overview of TSUPREM4

TSUPREM4 is a process simulator used to simulate fabrication process flows. (i.e., impanation, diffusion, oxidization, etc.) You are not responsible for understanding this simulator, but you will run it ONCE to create the structure file for the NMOSFET. A manual for TSUPREM4 is available on the website for your own curiosity.

B. Overview of MEDICI

MEDICI is a commercial device simulator used by engineers throughout many research universities and leading companies. In simplest form, MEDICI numerically solves the system of coupled differential equations governing a semiconductor at particular bias conditions. (i.e. Poisson equation, electron/hole continuity equation, and drift/diffusion equations) This enables researchers to obtain realistic IV characteristics of semiconductor devices without stepping into the clean room and or measurement lab. It is one of the most important tools available to any device engineer when designing any new device structure. 

C. Simulation Template File (EE130nmostest.in)

A template file for MEDICI simulations is available from the course website. In this file, many of the initial statements needed to initialize and import the device from TSUPREM4 output is already provided. You will need to fill in all solve statements required for ramping gate and/or drain voltages and plotting IV curves and potential cut-lines. The following explains the purpose for each line of code in the given template file.

Importing TSUPREM4 Structure:

mesh infile=EE130nmos.str tsuprem4

In this line the mesh and device structure created in TSUPREM4 are imported into MEDICI.

Specifying Contacts:

contact name=drain neutral

contact name=gate n.poly

contact name=source neutral

contact name=substrate neutral

In this section of code, the property of each electrode is defined. The gate is specified as N+ Poly (WF = 4.05 eV) while the rest are ideal ohmic contacts.

Specifying Models:

models lsmmob fldmob fermidir

When running simulations appropriate models must be selected. For this project we have enabled these four models for you. You do not need to know the details of them, but are encouraged to explore the MEDICI manual on the website to learn more. Lsmmod is modeling the effect of surface mobility, while fldmob takes into velocity saturation. Fermidir indicates that Fermi Dirac statistics are used (i.e., no Boltzmann approximation).

Initial Equilibrium Solution:

symbolic carriers=0

solve initial

The initial equilibrium solution of the device is first solved for. Only then can we begin to ramp gate and drain voltages.

D. Applying Voltages to Contacts

To ramp gate or drain voltage you need to write solve statements in the MEDICI simulation file. You have 4 terminals available to you to apply bias voltages, of which 2 will remain grounded (source and substrate).

Syntax:

solve v(<electrode name>) = <voltage>

e.g.

solve v(drain) = 0.05 

This instructs MEDICI to solve the system of governing equations at a drain voltage of 50 mV and output the terminal currents. Note that the previous device solution is used as a guess for the next solve statement. Note that the solve statement also “remembers” previous solve statements for different terminals.

e.g.

solve v(gate) = 0.05 

solve v(drain) = 0.05

The latter solve statement is for a drain voltage of 50 mV AND a gate voltage of 50 mV. Also you should be aware that terminal voltage need to be ramped slowly to avoid convergence problems.

e.g.

solve v(drain) = 0.0

solve v(drain) = 1.0

The simulation will not converge for this case. You need to ramp up the voltage slowly from 0 to 1.0 V in this case with multiple solve statements or loops. Therefore to plot an IDS vs. VGS plot with VDS = VDD, for example, you must first slowly ramp the drain to VDD then sweep VGS to generate the plot.

E. Voltage Sweeping Loops

You can use loops to ramp up or sweep terminal voltages with much less effort.

e.g.

solve v(gate)=0 elec=gate vstep=0.05 nstep=20

This line of code instructs MEDICI to ramp the gate voltage from 0 V to 1.0 V in steps of 50 mV. This will save you from typing in 20 solve statements in a row!

F. Recording or Logging Voltage Sweeps

You can choose which voltage sweeps you wish you to record for later plotting with the log statement. For example, when plotting the IDS vs. VGS curve you first need to ramp up VDS to VDD. Only then do you wish to record the IV data points when sweeping VGS.

e.g.

ramping drain voltage first …

log out.file=<logfilename>

solve v(gate)=0 elec=gate vstep=0.05 nstep=20

log close

This will log the IV data points only for the VGS stepping into filename <logfilename> 

G. Plotting IV Characteristics

Once you have a log file for a particular voltage sweep, you can use the plot statement to generate the actual plot.

e.g.

plot.1d y.axis=i(drain) x.axis=v(gate) infile=<logfilename> + print device=x outfile=”plotdata.dat”

This statement will plot the IV curve on an Exceed graphical window. Refer to page 469 of the MEDICI manual for more information on this statement. Note that it is recommended you use other software (i.e. Excel or MATLAB) to generate cleaner plots and extract parameters in the final report by importing the outfile “plotdata.dat”.

H. Plotting 1-D Cutlines

After any solve statement you can plot any quantity (i.e., potential, electron conc., etc.) along any vertical or horizontal cutline for that bias point. For example, if you want to plot potential perpendicular through the middle of the channel (i.e. x = 0 cutline) for VGS = V​DD and VDS = VDD you would first ramp drain and gate voltage to VDD. Then include a plot statement. Refer to page 469 of the MEDICI manual for more detailed explanation and for a list of quantities you can plot.

e.g.

ramping drain and gate to VDD with solve statements …

plot.1d potential x.start=0 outfile=”plotdata.dat”

plot.1d potential y.start=0 outfile=”plotdata.dat”

The first statement plots the potential vertically in the middle of the channel. The second statement plots the potential horizontally across the channel. Refer to the device structure plot in section J for information about the coordinate system.

I. 2-D Plots

You can also plot in 2D contour plots of various quantities after any solve statement for that particular bias point. For example, to generate a 2D plot showing depletion width for VGS and VDS both equal to VDD, you could include the following statement. Please refer to page 485 of the MEDICI manual for more information.

e.g.

ramping drain and gate to VDD with solve statements …

plot.2d junction depletion

This will open a new Exceed window showing the 2D structure with depletion width and junctions indicated.
J. Device Structure
The fabricated NMOSFET device structure is shown below. Arsenic contours are shown in green while Boron contours are shown in blue. Take note of the coordinate system when plotting cutlines in your project.
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IV. Project Assignment:

Use the MEDICI simulator to answer all questions and generate all plots as requested. Assume VDD = 0.8 V for this technology node.

A. Device Structure:

A1. Plot the net doping across the channel of the device (i.e. cutline at y = 0). 

Roughly what is the doping in the channel Nsub? What is the doping in the source/drain? 

A2. What is the oxide thickness Tox? Hint: You can find this from the output after running TSUPREM4. The last statement outputs layer thicknesses to the screen. The rightmost column gives the most accurate thickness in units of cm.

B. IDS vs. VGS: 
Simulate the IDS vs. VGS characteristics of your device by ramping the gate voltage from 0 to VDD with the source voltage held at ground and VDS held at a constant value.

B1. Make a plot of log IDS  vs. VGS with VDS = VDD  and VDS = 50 mV on same plot.
Using the constant current definition of VT at IDS/W = 100 nA/μm, extract the threshold voltage at VDS = VDD and VDS = 50 mV. 

B2. Make a table summarizing your extracted values of VT, IOFF, ION, and sub-threshold slope S at both VDS for your device.

B3. What is the reason threshold voltage decreases with increasing VDS? Give a qualitative explanation for this observation. 

B4. From observing the log IDS  vs.VGS characteristic discuss the tradeoff between ION and IOFF. (Hint: think why VT can not be pushed too low)

B5. How does the extracted VT (at low VDS) compare with a hand calculated VT value? Use the Nsub and Tox you found in Part A. What is the cause of the discrepancy?

B6. Make a 2-dimensional depletion region plot of hole concentration for VDS = 0 V and VGS=VT. Estimate Wdep. Compare extracted S with hand calculation. 

B7. Discuss one possible way to improve swing for you device? What problem(s) might the proposed change cause?  

C. IDS vs. VDS Characteristics: 
Simulate the IDS vs. VDS characteristics of your device by ramping the drain voltage from 0 to VDD with the source voltage held at ground and VGS held at a constant value.

C1. Make a plot of IDS vs. VDS with VGS = VDD and VGS = VDD/2 on the same plot.

C2. Compare the IDSAT’s with hand calculated IDSAT (assume m = 1). Use the VT you extracted for VDS = VDD. What are the percent discrepancies? What are the possible causes of the discrepancies? (Note: Equations are not detailed enough for predicting IDSAT accurately. They are great for identifying the parameters that can be changed to adjust or improve IDSAT.)

C3. Extract gds in the saturation region for both VGS. What are some possible reasons for the increase in current beyond saturation for this device?

C4. Make a plot of the electron mean velocity along the channel (y=0) at VGS = VDD and VDS = VDD. Does your device exhibit signs of velocity saturation?

D. Source to Channel Potential Barrier:

Simulate the effect of gate voltage and drain voltage on the source-channel potential barrier.

D1. Plot the surface potential along the channel (y = 0) with VDS = VDD and VGS = 0, VT (extracted in Part B for VDS = VDD), and VDD on the same plot.

D2. What are the barrier heights at VGS = 0 and VT? Call this difference ΔV. What is 

exp(–qΔV/kT)? Compare this factor with the ratio of IDS at the two VGS values. 

D3. Make a plot of the surface potential along the channel (y = 0) with VDS = 50 mV and VDD and the same VGS = VT (extracted for VDS = VDD) on the same plot.

Do you see the effect of barrier height reduction by VDS? How much is the barrier lowered by raising VDS to VDD? This phenomenon is called DIBL. Why is DIBL unwanted in MOSFETs? 

