VLSI Lab 04
Design customization and practice by analyzing CMOS Characteristics in MicroWind.

1. Objectives
To become acquainted with MOS device characteristics and full custom design by using Micro Wind tools. This lab consists of three parts. Part I is to analyse NMOS and PMOS devices. Part II is to draw a layout of the gate for the logic function y=a. (b+c).Part III is to simulate this layout and do its parametric analysis.
2.Theory
2.1 The MOS device
The n-channel MOS is built using polysilicon as the gate material and N+ diffusion to make the source and drain. The p-channel MOS is built using polysilicon as the gate material and P+ diffusion to make the source and drain.
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2.2 The MOS Model
In this lab, the model 3 is employed. For the evaluation of the current Ids as a function of Vd, Vg and Vs between Drain and Source, we use the equations on coming pages. The equations are derived from Model 1 and take into account a set of physical limitations in a semi-empirical way.


3. Labs

3.1 Part I: MOS Device Characteristics (30 minutes)

· Double click the icon “Micro Wind” The Micro Wind window pops up.

· File>Select foundry>

An “Open” window pops up. Select “cmos025.rul” and push “open” button.
In this lab, we use 0.25um CMOS technology.

· Simulate>MOS characteristics>

A “MOS Viewer” window pops up. In this window, we will analyse the characteristics of MOS devices.

Select “NMOS” (lower right), “level3” (upper right), “W=10um L=10um”, “Id vs.Vd”. Push the button “Draw Curve”, the display window displays several curves.
Find the Ids value with Vgs = 2V and Vds = 2V and fill it into table 1.

Select “NMOS” (lower right), “level3” (upper right), “W=0.60um L=10um”, “Id vs.Vd”. Push the button “Draw Curve”, the display window displays several curves.
Find the Ids value with Vgs = 2V and Vds = 2V and fill it into table 1.

Select “NMOS” (lower right), “level3” (upper right), “W=10um L=0.30um”, “Id
vs.Vd”. Push the button “Draw Curve”, the display window displays several curves.
Find the Ids value with Vgs = 2V and Vds = 2V and fill it into table 1.

Select “NMOS” (lower right), “level3” (upper right), “W=0.60um L=0.30um”, “Id
vs.Vd”. Push the button “Draw Curve”, the display window displays several curves.
Find the Ids value with Vgs = 2V and Vds = 2V and fill it into table 1.
From this part, we can conclude that:

If W increases (L, Vds, Vgs are fixed), then Ids_________
If L increases (W, Vds, Vgs are fixed), then Ids__________
If Vds increases (W, L, Vgs are fixed), then Ids_________
If Vgs increases (W, L, Vds are fixed), then Ids__________

TABLE 1. NMOS
W 		L 		Vgs 		Vds 		Ids
10um 		10um 		2V 		2V

0.6um 		10um 		2V 		2V

10um 		0.3um 		2V 		2V

0.6um 		0.3um 		2V 		2V

Select “PMOS” (lower right), “level3” (upper right), “W=10um L=10um”, “Id vs.Vd”.
Push the button “Draw Curve”, the display window displays several curves. Find the
Ids value with Vgs = -2V and |Vds| = 2V and fill it into table 2.

Select “PMOS” (lower right), “level3” (upper right), “W=0.60um L=10um”, “Id
vs.Vd”. Push the button “Draw Curve”, the display window displays several curves.

Find the Ids value with Vgs = -2V and |Vds| = 2V and fill it into table 2.
Select “PMOS” (lower right), “level3” (upper right), “W=10um L=0.30um”, “Id
vs.Vd”. Push the button “Draw Curve”, the display window displays several curves.

Find the Ids value with Vgs = -2V and |Vds| = 2V and fill it into table 2.
Select “PMOS” (lower right), “level3” (upper right), “W=0.60um L=0.30um”, “Id
vs.Vd”. Push the button “Draw Curve”, the display window displays several curves.

Find the Ids value with Vgs = -2V and |Vds| = 2V and fill it into table 2.
From this part, we can conclude that

if W increases (L, Vds, Vgs are fixed), then |Ids|__________
if L increases (W, Vds, Vgs are fixed), then |Ids|__________
if |Vds| increases (W, L, Vgs are fixed), then |Ids|___________
if |Vgs| increases (W, L, Vds are fixed), then |Ids|____________

TABLE 2. PMOS

W 		L 		Vgs 		Vds 		Ids
10um 		10um		-2V 		2V
0.6um 		10um 		-2V 		2V
10um		0.3um 		-2V		2V
0.6um 		0.3um 		-2V 		2V

Push”OK” to close the simulation window.

3.2 PART II: Layout and Design Rule Checker 

Note: If you can finish the layout, please go ahead to PART III and use your layout to do the simulation and parametric analysis in PART III. 
Figure 1 gives a schematic of the gate for the logic function y=/a.(b+c).
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Figure 1 Schematic of y= [a. (b+c)]’
According to this schematic please work out your layout.

Begin to draw your layout with Micro wind layout editor.
When you finish the layout, please check your layout:

· Analysis > Design Rule Checker

If your layout is correct, then no messages will appear. If there are some errors, then the warning messages will appear near the errors. Please modify your layout until no error messages appear. Save your layout.

3.3 Part III: Simulation and Parametric Analysis (1.5 hours)
If your layout has been finished and no errors are found, then go ahead to step 2. If not,
follow the step1, which will show you how to generate a layout automatically.

Step1:

Using “cut” command, clear everything in the display window. Make sure that nothing
remains in the window. Go to main menu:

· Compile>Compile one line>

A “CMOS Cell Complier” window pops up. Input “y=/ (a. (b+c))”, push “Compile”,
a layout of y=a. (b+c) will appear in the window.

· Analysis>design rule checker 

It is to check the layout. It should be correct. If any error appears, please let the assistant know it. Save the layout.

Step2: Add properties to input signals for simulation

· click on the clock icon and then click the “a” node on the layout.

The clock window appears; make sure the properties on the window are below:

Low level 0.0V High level 2.5V Time low40 Rise time0.5 Time high40 Fall time0.5 ns

· Push “Assign”.

· click on the clock icon and click the “b” node on the layout.

The clock window appears; make sure the properties on the window are below:

low level 0.0V High 2.5V Time low 20 Rise time 0.5 Time high 20 Fall time 0.5 ns

· Push “Assign”.

· click on the clock icon and click the “c” node on the layout.
The clock window appears; make sure the properties on the window are below:

low level 0.0V High level 2.5V Time low 10Rise time 0.5 Time high 10Fall time 0.5 ns

· Push “Assign”.

· click on the node visible icon and then click the “y” node on the layout.

The node window appears. Make sure “visible in simulation” is active.

· Push “Assign”.

· Simulate>Simulate Option

An Extraction window pops up. Select” Purge and merge” for “database”, “generate a SPICE file after extraction” for “Options”.

· Push button “Models, Parameters”

Make sure: “use MOS Model” is “Berkeley Spice level 3” “power Supply” is 2.5V
“Temperature” is 27.0

· Push “Extract” and then push “Quit”.

>Simulate>Start Simulate

A “simulation of example” window pops up. Select “Voltage vs. time”, and step is 2 ps,
time scale is 100ns. Check your simulation results. If you are sure that your simulation
results are correct, then draw the waves in figure 2.
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Figure 2 Voltage vs. Time 

· Click “Back to Editor” to quit the simulation window.

>Analysis>Parametric Analysis
Click on the output node, and then a window “Start Analysis” pops up. Select “Power Supply”, the range is from 0.0V to 5.0V, the step is 1.0V. The “measurement” is “dissipation”, push “Start analysis”; curve (dissipation vs. Vdd supply) appears. Click “Large” button to zoom in and draw the curve in figure 3.
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Figure 3: Dissipation vs. power supply (Vdd= 0V to 5.0 V)

Select “Power Supply”, the range is from 0.0V to 5.0V, the step is 1.0V. The “measurement” is “rise delay”, push “Start analysis”, a curve (rise delay vs. Vdd supply) appears. Draw the curve in figure 4.
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Figure 4: Rise Delay & Fall Delay vs. power supply

Select “Power Supply”, the range is from 0.0V to 5.0V, the step is 1.0 V. The “measurement” is “fall delay”, push “Start analysis”, a curve (fall delay vs. Vdd supply) appears. Draw the curve in figure 4.

Select “Node capacitance”, the range is from 0 to 100 fF, the step is 20 fF. The “measurement” is “rise delay”, push “Start analysis”, a curve (rise delay vs. load capacitance) appears. Draw the curve in figure5.
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Figure 5: Rise Delay & Fall Delay vs. load capacitance

Select “Node capacitance”, the range is from 0 to 100 fF, the step is 20 fF. The “measurement” is “fall delay”, push “Start analysis”, a curve (fall delay vs. load capacitance) appears. Draw the curve in figure5.

Please check all of your results in the figures. 
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