Silvaco Assignment #2

We will have 3 Silvaco examples to analyze how fabrication and design of MOS devices relate to operation of these devices. 

1. From Deckbuild Examples open and load mos1ex04.in : DIBL Extraction. 

Basic MOS Athena to Atlas interface example simulating two Id/Vgs curves at different drain biases and extracting the drain-induced barrier lowering (DIBL) parameter. This example demonstrates:
· Process simulation of a MOS transistor in Athena 
· Process parameter extraction (eg. oxide thicknesses) 
· Autointerface between Athena and Atlas 
· Simple Id/Vgs curve generation with Vds=0.1V 
· Ramp of drain voltage 
· Simple Id/Vgs curve generation with Vds=3.0V 
· Parameter extraction for the DIBL parameter
The process simulation, process parameter extraction and electrode definition for this example are exactly as described in the first example in this section.
In Atlas, the models, interface and contact statements are also the same as the first example. The extraction of the first Id/Vgs curve is very similar to the previous threshold voltage extraction example.
One difference is the use of the syntax compl=1.1e-7 cname=drain . This sets a compliance limit on the drain current. Although the SOLVE statement calls for a ramp in gate voltage from zero to 1.5V, once the trigger current specified by compl is exceeded on the electrode specified by cname then the gate voltage ramp will stop and Atlas will execute the next line of syntax. Compliances are more commonly used in breakdown simulations but can be used in this way to stop voltage ramps once the area of interest is passed.
All results from the first Id/Vgs curve are saved to the file specified by the first log statement. In Atlas, the only way to stop the IV points being saved is either to specify another LOG statement or to use log off or exit the simulator. Here, log off is used to stop the output from the drain voltage ramp being saved to the Id/Vgs logfile specified previously.
The second 'solve init' statement resets all applied voltages to zero. Then the drain is ramped to 3.0V and the gate ramp with compliance is repeated.
After each gate ramp the threshold voltage was extracted using a different syntax than the NMOS threshold voltage example described earlier in this section. In this example the threshold is determined by looking for the voltage where the drain current reaches a user-defined value. The syntax x.val from curve (x,y) where y.val=<number> is used. At large drain biases this method is preferred for threshold extraction over the steepest slope approach. The search value of 0.1uA/um of current is typical for channel lengths around 1um. These thresholds are stored as values nvt1 and nvt2 in DeckBuild. The final extract statement is used to obtain the DIBL parameter. It is the difference in threshold voltage divided by the difference in the drain bias.
To load and run this example, select the Load example button in DeckBuild. This will copy the input file and any support files to your current working directory. 
Before selecting the run button to execute the example, please add (to save and plot) structure after atlas (1st condition for VD), for example:  

structure outfile=mos1ex04_0_1.str
# plot the structure
tonyplot  mos1ex04_0_1.str -set mos1ex04_0.set 

also add a command to save band diagram i.e. conduction and valence band data to be stored and then plotted as below: 

[bookmark: _GoBack]output con.band val.band
save outf=mos1ex04_0_2.str 
tonyplot  mos1ex04_0_2.str -set mos1ex04_0.set 

Repeat adding these steps for the 2nd simulation condition but change the names so results from both conditions will be available for comparison. 

Now run.

TO DO: Analyze the obtained plots and structures to explain (identify and show) what causes the DIBL effect.  Use tools available from Tony (Cutline with displays showing relevant parameters ex. potential, electric field, carrier concentrations, band structure etc.) to access the DIBL effect. 


2. From Deckbuild Examples open and load mos1ex10.in: Sub-Threshold Slope Extraction. 

This is a basic MOS Athena to Atlas interface example simulating an Id/Vgs curve and extracting sub-threshold slope. No advanced features are used in this example so as to demonstrate simple functionality. This example demonstrates:
· Process simulation of a MOS transistor in Athena 
· Process parameter extraction (eg. oxide thicknesses) 
· Autointerface between Athena and Atlas 
· Simple Id/Vgs curve generation with Vds=-0.1V 
· Parameter extraction for Sub-Threshold Slope
The process simulation, process parameter extraction and electrode definition for this example are exactly as described in the first example in this section.
In Atlas the same sequence of statements is used as in the first example in this section. The only difference is that the gate voltage is ramped from zero to -1.0V only in -0.1V steps.
The extract statement used in this example measures the sub-threshold slope of the MOSFET. The syntax uses the operators log10(), slope() and curve() to specify the reciprocal of the steepest slope to the curve of Vgs vs. log(Id). Note that the operator log10() is needed here. The operator log() specifies the function for the natural logarithm. It is obviously necessary to take the absolute value of Id before the log10() operator is used.
To load and run this example, select the Load example button in DeckBuild. This will copy the input file and any support files to your current working directory. 
As before add structures files after atlas simulations to be able to analyze the operation of the device.  Select the run button to execute the example.

TO DO: Modify the program to make shorter channel.  Here, in poly etch replace the etched length of 0.35 by 0.4.  Then in your (own) added *.str file (from the first run) modify the name so you will compare the results with the first run. You will also have to modify your *.log file name since new characteristics will be produced; you want to plot them and compare with the first results. Each time you want to plot you have to invoke TonyPlot with the file name and *.set file (don’t change the .set files) so that the format will be the same. 
Analyze the obtained plots (I-V) and corresponding structures for both devices.  Knowing what causes the subthreshold swing (SS) identify and show the reasons for SS change with device scaling. Use Tony tools (display, cuts etc. with various quantities/parameters). 

3. From Deckbuild Examples open and load mos2ex02.in:  Hot Electron Reliability. 

This is a demonstration of the hot carrier reliability feature of Atlas. *Looks like this Silvaco example is in fact for NMOS not PMOS (the description has an error since fabrication (here it is atlas only) and simulation – voltage etc are for NMOS).  
The description (included there in the example) is as follows: 

A PMOS transistor is stressed at high voltages and a threshold voltage shift observed. The simulation shows:
· Formation of PMOS transistor using Atlas syntax 
· Id/Vgs test 
· High voltage stress for 1000 seconds 
· Id/Vgs tests of devices at various stress times.
The example file consists of five separate Atlas runs each starting with the statement go atlas . The first run uses the Atlas syntax to construct the geometry, mesh and doping of a PMOS transistor. The doping is specified using gaussian functions. The mesh file saved by this run is loaded into the next run.
The second Atlas run sets commands to perform an Id/Vgs simulation to observe the threshold voltage and gain. A more complete description of extracting PMOS threshold can be found in the MOS examples section.
The device degradation modeling is performed in the third run. First, the structure is loaded and the correct workfunction and interface fixed charge are set. On the models statement, the standard mobility and recombination models are specified. The parameters hei devdeg.e are also set. hei turns on the hot electron injection model for gate current. The devdeg.e parameter sets that the gate current is used to calculate device degradation. The degradation parameter is used to specify the interface state density and the electron trapping cross section, sigmae. The density of interface states as a function of position is defined here using a C-INTERPRETER routine. The external file mos2ex02_devdeg.nta is used in this example. This file will be copied to your current working directory if you press 'Load example'. This file contains a C language description of the density of acceptor-like traps at the oxide/silicon interface. Use of the C-INTERPRETER allows complete flexibility in specifying the position of the traps.
The stressing conditions are Vds=-6.0V and Vgs=-1.5V. The device is biased to these voltages in DC mode. Atlas is then switched to a transient solution. Since the time of this transient is very long compared with the transit time of carriers a faster transient solution method can be selected using method quasistatic .
The transient simulation is set to run for 1000s. At various intervals, data is saved to solution files whose prefix is set to 'mosex02.str'. The statement output devdeg is required to save the interface trap occupancy to these solution files. These files will be the initial starting points of the subsequent Id/Vgs runs.
The fourth and fifth runs are just repetitions of the second one. They perform the Id/Vgs test to observe threshold voltage and gain. However the important difference is the the file loaded in the mesh statement is the output files saved during the transient stress.
The Id/Vgs curves from the second, fourth and fifth runs can be overlaid in TonyPlot to show the threshold voltage shift caused by the hot carriers trapped at the interface.
To load and run this example, select the Load example button in DeckBuild. This will copy input file and any support files to your current working directory. Select the run button to execute the example.

TO DO:  Analyze the I-V characteristics to identify when gate oxide degradation becomes visible.  From TonyPlot open all structure files (open all *.str corresponding to this example) to see how changes in carriers distribution, E-field, potential etc. are progressing with stress time at the gate.  Estimate the effect on VT for 3 time conditions (0, 10s and 10000s)?    
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