VLSI Lab 01 
Introduction to the MicroWind

 1. Tutorial on MOS Devices

To use the MICROWIND program use the following procedure: 

		Go to the directory in which the software has been copied
		(The default directory is MICROWIND)

		Double-click on the MicroWind icon 

The MICROWIND display window is shown in Figure 1. It includes four main windows: the main menu, the layout display window, the icon menu and the layer palette. The cursor appears in the middle of the layout window and is controlled by using the mouse. 

The layout window features a grid that represents the current scale of the drawing, scaled in lambda  () units and in micron. 

The lambda unit is fixed to half of the minimum available lithography of the technology. The default technology is a 0.8 µm technology, consequently lambda is 0.4 µm. 

[image: ]
Fig. 1. The MICROWIND window as it appears at the  initialization stage..


The MOS device

The MOS symbols are reported below. The n-channel MOS is built using polysilicon as the gate material and N+ diffusion to build the source and drain. The p-channel MOS is built using polysilicon as the gate material and P+ diffusion to build the source and drain. 





Manual Design

			
By using the following procedure, you can create a manual design of the n-channel MOS. The default icon is the drawing icon shown above. It permits box editing. The display window is empty. The palette is located in the lower right corner of the screen. A red color indicates the current layer. Initially the selected layer in the palette is polysilicon. The two first steps are illustrated in Figure 2. 

	Fix the first corner of the box with the mouse.
 	While keeping the mouse button pressed, move the mouse to the 
opposite corner of the box.
	Release the button. This creates a box in polysilicon layer as shown in Figure 2.
	The box width should not be inferior to 2 , which is the minimum width of the
	polysilicon box.


Fig. 2. Creating a polysilicon box.

Change the current layer into N+ diffusion by a click on the palette of the Diffusion N+ button. Make sure that the red layer is now the N+ Diffusion. Draw a n-diffusion box at the bottom of the drawing as in Figure 3. N-diffusion boxes are represented in green. The intersection between diffusion and polysilicon creates the channel of the nMOS device.


 
Fig. 3. Creating the N-channel MOS transistor





Process Simulation



Click on this icon to access process simulation. The cross-section is given by a click of the mouse at the first point and the release of the mouse at the second point. In the example below (Figure 4), three nodes appear in the cross-section of the n-channel MOS device: the gate (red), the left diffusion called source (green) and the right diffusion called drain (green), over a substrate (gray). The gate is isolated by a thin oxide called the gate oxide. Various steps of oxidation have lead to a thick oxide on the top of the gate. 

 

Fig. 4. The cross-section of the nMOS devices.

The physical properties of the source and of the drain are exactly the same. Theoretically, the source is the origin of channel impurities. In the case of this nMOS device, the channel impurities are the electrons. Therefore, the source is the diffusion area with the lowest voltage. 

The polysilicon gate floats over the channel, and splits the diffusion into 2 zones, the source and the drain. The gate controls the current flow from the drain to the source, both ways. A high voltage on the gate attracts electrons below the gate, creates an electron channel and enables current to flow. A low voltage disables the channel.



Mos Characteristics




Click on the MOS characteristics icon. The screen shown in Figure 5 appears. It represents the Id/Vd simulation of the nMOS device. 



Fig. 5. N-Channel MOS characteristics.

The MOS size (width and length of the channel situated at the intersection of the polysilicon gate and the diffusion) has a strong influence on the value of the current. In Figure 5, the MOS width is 12.8µm and the length is 1.2µm. Click on OK to return to the editor. A high gate voltage (Vg =5.0) corresponds to the highest Id/Vd curve. For Vg=0, no current flows. The maximum current is obtained for Vg=5.0V, Vd=5.0V, with Vs=0.0.

The MOS parameters correspond to SPICE Level 3. You can alter the value of the parameters, or even access to Level 1. You may also skip to PMOS. You may as well add some measurements to fit the simulation. Finally, you can simulate devices with other sizes in the proposed list.

Add Properties for Simulation

Properties must be added to the layout to activate the MOS device. The most convenient way to operate the MOS is to apply a clock to the gate, another to the source and to observe the drain. The summary of available properties is reported below.




	Apply a clock to the drain. Click on the Clock icon, click on the left diffusion. The Clock menu appears (See below). Change the name into « drain » and click on OK. A default clock with 3 ns period is generated. The Clock property is sent to the node and appears at the right hand side of the desired location with the name « drain ».
  


Fig. 6. The clock menu.

	Apply a clock to the gate. Click on the Clock icon and then, click on 
the polysilicon gate. The clock menu appears again. 
Change the name into « gate» and click on OK to apply a clock with 6 ns period.

	Watch the output: Click on the Visible icon and then, click on the right diffusion.
	The window below appears. Click OK. The Visible property is then sent 
to the node. The associated text « s1 » is in italic. The wave form of this node 
will appear at the next simulation.



Fig. 7. The visible node  menu.

Save before Simulation

Click on File in the main menu. Move the cursor to Save as ... and click on it. A new window appears, into which you enter the design name. Type, for example, myMos. Use the keyboard for this and press . Then click on OK. After a confirmation question, the design is saved under that filename. 


	IMPORTANT : Always save BEFORE any simulation !

Analog Simulation 
   
Click on Simulate on the main menu. The timing diagrams of the inverter appear, as shown in Figure 8. 




Fig. 8. Analog simulation of the MOS device.

When the gate is at zero, no channel exists so the node s1 is disconnected from the drain. When the gate is on, the source copies the drain. It can be observed that the nMOS device drives well at zero but at the high voltage. The final value is 4.2V, that is VDD minus the threshold voltage. Click on More in order to perform more simulations. Click on Stop to return to the editor.
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