U N I V E R S I T Y   O F    N O T T I N G H A M

Department of Electrical and Electronic Engineering

VLSI Design - H6CVLS

VLSI Laboratory 1 - Layout
This Laboratory forms part of the assessment towards the VLSI Design course (BEng III and MEng IV).  Consequently, it must be written as a formal report and submitted to my Secretary, on the sixth floor (general office), no later than Monday, 14 May 2000.  You must date and sign to indicate that you have submitted your report. This report carries a mark of 25% towards the final examination with the usual penalties for late submission.  Two pieces of software is used for this laboratory – LASI and WINSPICE. This software is accessible via NAL primarily from the computer laboratory on the 4th floor.  Take printouts wherever necessary by using the "Print" menu item in LASI or WINSPICE.  If you encounter any software problems then contact either the systems administrator, the ninth floor technicians or myself.

1.
INTRODUCTION

VLSI design today is carried out totally by use of a computer.  The CAD route for full custom VLSI design is typically as follows:-

1.
Schematic:-

System drawn using schematic symbols such as Nand gates,  



flip-flops etc

2.
High Level

System simulated either at the gate or behavioural level


Simulation:-



3.
Cell Design:-

Individual cells are designed and simulated at the transistor 




level  using SPICE or a similar circuit level simulator.  This is 



called the Pre-layout simulation

4.
Cell Layout:-

CAD layout used to layout individual transistors in each cell  



- "Polygon pusher"

5.
Design Rule 

The various features drawn are checked for minimum size and  
Check:-

separation (DRC)

6.
Netlist Extract:-
Capacitance, resistance and the netlist is now extracted  




automatically from the layout

7.
Electrical Rule

The circuit is now checked for electrical violations (ERC), ie  
Check:-

outputs short circuit

8.
Simulation:-

The circuit is now resimulated with SPICE, with the parasitics  



calculated in (6) above included.  This is called the Post layout 



simulation.

9.
System Layout:-
Complete chip is laid out and if necessary steps 5, 6, 7 and 8 



are repeated at the system level.

10.
Verification:-

The layout is converted either to a transistor or a gate  




description.  
This is then compared with the original 




schematic description in (1) above.

11.
Mask Generation:-
The layout, usually described in a text form, is then  converted 



into a photomask.  One of the standard text layout forms is CIF 



(Caltech Intermediate Format)





Computers today can handle designs with many thousands of transistors.  The package being used in this exercise is a freeware software donated by the University of Idaho and can handle at most 300 transistors.

The IC process being used in this Laboratory is the silicon gate CMOS process and has the following process parameters:-

Cox = 9 x 10-4 pFµm-2;


Cmf = 0.3 x 10-4 pFµm-2
L = 2.00 µm;



Cjan/p = 2.0 x 10-4 pFµm-2
KN' = 44 µA V-2;


Cp = 0.6 x 10-4 pF µm-2
Kp' = 13 µA V-2;


Cjpp/n = ignore

2.  
AIM AND SYSTEM SET-UP 

The aim of this Laboratory is to 

(i)
Characterise by computer simulation the transient performance of a previously 
designed CMOS inverter under both pre- and post-layout conditions.

(ii)
Provide experience in the layout of CMOS structures and the associated CAD tools 
described in 3, 4, 5, 6, 7 and 8 above.

Hopefully this exercise should take no longer than 3 hours - although you may wish to extend your visit by experimenting with a circuit of your own!  Also it is not the aim of this exercise to demonstrate the idiosyncrasies of this CAD package so I make no apologies for not explaining all the possible commands.

Switch on and wait until Windows has loaded. You will be using two programs in this lab – LASI and WINSPICE. You need to first load the software onto your machine via NAL. Enter NAL and then from within the School of Electrical Engineering directory choose the VLSI Design directory.  First load LASI (the layout software) and WINSPICE (the Windows based SPICE simulator) by clicking on the LASI (VLSI Lab) icon. If this software does not exist on your machine then this will take a few seconds. Next choose the icon “VLSI Master File” and load the pre-prepared files needed for this laboratory. This should create a shortcut on the desktop called “VLSI Laboratory”.

Close down NAL and on the desktop, double click on the “VLSI Laboratory” shortcut icon. You should see a “master” folder. Make a copy of the master folder by right clicking on it and selecting “Copy”, then right clicking somewhere in the “VLSI Laboratory” window and selecting “Paste”. Rename the folder to either your name or just your initials. Now double click on your folder with the left button. You should find 21 files and you are now ready to start. There is now no need to move from your own directory throughout this laboratory session. 

3.  
CELL DESIGN : (PRE-LAYOUT)
We shall assume that a CMOS inverter has been designed at the transistor level, pre-layout, such that both transistor widths and lengths are 3.5µm and 2µm respectively.  A pre-layout transistor net list description for this circuit is provided in the file "inverterpre.cir".  In order to view it double click on the “wspice3” icon. This will launch WINSPICE and then at the command prompt type: 
edit inverterpre.cir

Print out this file and deduce the meaning of each statement.  Check the following:-

(i)
Connectivity is correct for a CMOS inverter

(ii)
Input capacitance of 12.6fF is correct (use CMOS process parameters given above)

Note also that an output capacitance of 100.8fF has been added which represents eight similar inverters loading the output.

To carry out the simulation with this version of WINSPICE you can either add SPICE commands to the “inverterpre.cir” file or enter them interactively at the WINSPICE command prompt. We shall use the interactive mode. Leave the editor and in the WINSPICE window select the “file” button then “open”. Select “inverterpre” and choose open. WINSPICE runs automatically even though no analysis was specified in the .cir file.

We need to run a transient analysis simulation. Let us record events over a 10ns window. To do this type the following:

tran 1ns 10ns

Now display these results using the plot command

plot in out 

Print this plot via the “ file” menu option and record the values of the (gd and (gc.  You should record exact timing values by printing a point by point file. To create the point by point file type the following into winspice:-


print in out  >prelaydata.txt 

Then, view the file “prelaydata.txt” with explorer via notepad and print out this data file.

The pre-layout simulation for transient conditions is now complete.  Before moving on you should check your values of (gc and (gd using the equation 4CL/KVdd.

4.
CELL LAYOUT
A possible layout solution to the above problem is presented next.

To view the laid out solution, go back to the icons in your directory and run the LASI layout software by clicking on “WLasi CN20”.

You will now need to load the layout. Clicking “List” will bring up a list of available cells. Double click on “inverter” and then click OK.  A coloured layout should appear. Identify the two MOS transistors, the P-well, the Field Oxide etc.

If the inverter layout isn’t centred in the screen properly, press “Alt f”. If the layout becomes obscured at any point you can also use “alt f” to refresh the display. If you get in a mess press first the escape key. If this doesn’t fix things then choose Undo along the top toolbar and select “after last load”.  If you still have a problem then you will need to re-copy the master directory.

The Lasi window is divided  into three areas: The drawing window, which is the main area, the button bank on the right and the menu bar. The icons beneath the menu bar perform exactly the same function as the menus above them. The menus don’t function in the same way as normal menus do – they act as buttons instead.

There are actually two banks of buttons available on the right hand side. Clicking on “Menu 1” or “Menu 2” at the top of the bank will change banks, as will clicking the right mouse button in the drawing area. Not all of the buttons actually change function. There are too many to explain at this stage and it is not necessary for you to become an expert just yet.

Measure the width and length of the transistor.  The values should be displayed in µm in the bottom left hand corner of the window. Clicking on the button “Grid” will add/remove a grid on the drawing area. The coarseness of the grid can be changed by clicking on “dgrid”. 

Confirm that your value of W/L agrees with that stated earlier in this document.

Add a metal rectangle to the output such that it finishes within 3m of either power supply rail - a deliberate design rule error.  To do this you will need to click “Layr” in Menu 1 of the right hand button bank. You may need to press “layer mode” to make the layers available for selection. Tick only metal layer number 1 (MET1 - 49) and then click OK. Select “Obj” to select the type of object that you want – choose “Box” by double clicking. Finally select “Add” and then with mouse button 1 draw a metal box – it should be blue!

To delete an item you have added by mistake, use “fget” and then drag out a box over a corner of the box you added, ensuring you don’t select any other boxes. To delete select “Del” in Menu 1. If the box you added doesn’t seem to be selectable, click “Open” and ensure that MET1 is ticked. Only the layers ticked in this way are selectable. Print out the layout.

5.
DESIGN RULE CHECKER (DRC)

We shall now run the DRC to locate this deliberate design rule error.  To do this, use the “Sys” menu at the top of the screen and then select “LasiDrc” – this runs the LasiDrc program. Click “Setup” and check the following:

cell being checked is “Inverter” ; the DRC rules check file is set to “vlsilab.drc”; 

the “finish check” is set to 100 

Select OK and then run the DRC program by clicking “Go”. As the program runs, it will pause and create a pcx file (picture file) on any error. You can check the current directory to find these pcx files.   Alternatively, check the file “lasidrc.rpt” for errors. Not all of the data given in this file is an error! The metal that you added should show design rule errors.  The number of errors found are referred to as “Flags” in this software. Print out just one page of this report file and clearly label the located DRC error. 

When you have done this, go back to lasi and remove this metal using “Fget” and "Del".  Save the design and re-run the design rule check.

You should hopefully have a clear run through now.

6.
 NETLIST EXTRACTION
We now must extract a transistor netlist and parasitics present on the layout.  This is carried out with “LasiCkt”. Click “Sys” in Lasi and select “LasiCkt”. Check that the cell for extraction in “Setup” is “inverter” as before. Now select “Trace” and check that the “Node to Gnd Caps” button is checked then choose ok. At the LasiCkt6 menu click “Go” to extract the netlist. Debug any errors you get - there should be none!

The net-list is contained in "inverter.cir".  Print and explain the net-list syntax via WINSPICE. using “edit inverter.cir” and note the new value of input and output capacitance. Notice that the input capacitance (16.26fF) now includes additional gate parasitics whilst the output capacitance is due solely to the parasitics from Cjan/p and Cmf.  Ignore the capacitance “C_VDD” between Vdd and Vss (i.e. ground).

The netlist extraction also performs a few electrical tests such as ensuring Vdd and Vss aren’t connected together.

8.
SIMULATION OF EXTRACTED LAYOUT
The extracted net-list with parasitics can now be re-simulated.  This is called the post-layout simulation.  In WINSPICE type:-


Source inverter.cir

To perform an analysis on the circuit, follow the same procedure as for the pre-layout simulation i.e :


tran 1ns 10ns


plot in out

Print out this graphic screen.  As before, it is not easy to take time delay values so write the values to a file i.e.:

print in out  >postlaydata.txt 

Then, view the file “postlaydata.txt” with explorer via notepad and print out this data file.

Make a note of (gc and (gd from the file.   These are the inherent delays for this cell.

We wish again to observe the cell behaviour in response to 8 unit loads and thus specify (LD( (ns/pF) for this cell.  You can set a new capacitance at the output by entering at the WINSPICE prompt:-


alter C_out=150f

The 150f is equivalent to 8 unit loads plus the inherent output  capacitance, ie


19.8fF + 8 x 16.26fF ( 150fF

Type "show c" to check this and then run the transient analysis as before. You will see that the output doesn't quite reach Vdd.  Change the clock driver by editing the spice netlist:-


edit inverter.cir

In the netlist file, find the line near the top that describes V2 via the PULSE statement Change the 5ns to 10ns and the 10ns to 20ns – this halves the clock rate.

Re-run the transient analysis, write out the data to a suitable file and thus determine (LD for both L>H and H>L.  

9.  
DISCUSSION AND CONCLUSIONS
In your discussion and conclusions you should include the following:-

i)
Using the equation   = 4CL/KVdd calculate the values of (gd and (gc for the pre-laid 
out design and compare these with the results predicted by simulation.

ii)
Repeat (i) for the post-layout design using inherent delays and also for loaded delays 
such that a value of  (LD H > L and L > H is calculated.

iii)
Give possible reasons why the simulated results do not agree fully with those 
calculated in (i) and (ii) above.

iv)
Assuming the Cjpp/n is zero calculate values for Cout and Cin for the inverter alone 
post-layout. Repeat the Cout calculation for a value of Cjpp = 8 x 10-4 pF (m-1.

v)
Discuss the efficiencies and inefficiencies of using full custom IC design for 
electronic systems.

vi)
Why is the propagation delay L > H greater than the propagation H > L even though 
the transistors are of the same size?

vii)
On the layout view there were two features at the top left and bottom left of the 
screen.  What are these and draw a cross-section through both.

viii)
Draw a simple flow diagram of the steps involved in using this particular full custom 
package.  Indicate clearly the source files required and the results files generated at 
each step and any library files required.

REFERENCES

[1]
Final year VLSI design notes

[2]
"Principles of CMOS VLSI Design" by Weste & Eshraghian. Pub. Addison Wesley

[3]
"Introduction to NMOS and CMOS VLSI Systems Design" by A Mukerjhee


 Pub PHI.

[4]
“Introduction to Digital Electronics” by Crowe and Hayes-Gill, Pub Edward Arnold

NOTE:

A DEDUCTION OF 2% ABSOLUTE PER WORKING DAY WILL 
BE  DEDUCTED FROM WORK SUBMITTED LATE.
[BRHG Mar 2001]  VLSIdesignlasi



















1
7

