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Standard Cell Design: 

Background: 
The standard cell design methodology is a top down approach to digital design.  It is also called 
the ASIC approach and is used in EE287 .  Any time you start with a HDL description of the 
logic and work your way down you are following this kind of approach.  The advantages of this 
approach are that you can describe logic in words without committing to a specific circuit.  for 
instance A<=B+C, would define and adder, but you have not committed to a ripple carry of 
carry look ahead architecture.  You can optimize your adding at a higher level without have to do 
a \n adder circuit by hand.  This approach along with the use of standard cell library which has an 
estimate of the delay and power for various circuits that are already laid out, can be used to 
automatically generate layouts from a Verilog or vhdl net-list. 

The design flow for this approach is: 

1. Describe the functionality of your circuit in an HDL (In this case Verilog) 

a. Keep re-writing code and simulating until the logic meets specification (No 
timing information is created at this time.) 

2. Synthesize your HDL description of your circuit to a library that has timing (delay) 
information. 

a. Optimize the performance of your design until you meet your logical, timing, and 
power specification.   

3. Place and route your design with area and topology information from a physical library. 

4. Create a physical description of your circuit in “GDSII” format 

5. Import this physical description into a DFII database (The view your are familiar with if 
you have done the bottom up cadence tutorial.  For example: the layout view.) 

6. Run a DRC check on the layout.  (draw a do not DRClayer over the pins) 

7. Create a Spice netlist from the layout view by extracting the layout.  

Chapter 
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8. Create a symbol for the design 

9. Create a test bench for this design, use the symbol to set up the spice test bench 

10. Verify the logic, timing, and power specification for the corners (If you have them, if not 
use the nominal values) 

11. Send the design out 

12. Verify the circuit when it comes back from manufacturing. 

 

It is very important to remember that each step in the design flow you are estimating the 
performance of your circuit.  The accuracy of the simulation increases as you go down the design 
flow, but so does the simulation time.  Furthermore, it takes more time to fix an error the farther 
you are along the design flow.  As a rule of thumb it is better to give your design a 30% margin of 
error at the beginning of the design, so you do not have implement costly fixes at the end of the 
design flow or god forbid after the circuit has been manufactured.  Currently the design cycles in 
industry are so short that you do not have the luxury of fixing a bug in a later release. 

 

For more on various design flows see chapter 1 of the new Kang and Leblebici book. 

Getting Started: 
This tutorial will take you through the basics of taking a design through synthesis and place and 
route.  At this time, it will not cover how to actually optimize a circuit in the higher level tools.  It 
assumes that you know how to optimize a Verilog description of a circuit from a Top-Down 
design class. 

Choose which technolgy you want to use.  The available technologies are: 

• AMI06 

• TSMC025 

• TSMC018 

Copy the start up files into your account, depending on which technology you selected (Figure 1, 
Figure 2 and Figure 3.).  In this case, we will be doing a 10 bit lfsr.  No matter what type of circuit 
you are doing you need these files. 
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Figure 1:  Files to copy if you are using the AMI06 process. 

 
Figure 2: Files to copy if you are using the TSMC025 process 

 
Figure 3: Files to copy if you are using the TSMC018 process 

We will be following the AMI06 process for the rest of the tutorial. 

Now cd into the directory you just created and copy the actual verilog file into it (Figure 4). 

 
Figure 4: Copying the verilog file into the proper directory. 
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Use a text editor to make sure the code matches the code in Figure 5. 

Getting ready for Synthesis: 

 
Figure 5: Code for lfsr. 

Now we have to make sure you are running the correct version of Synopsis tools. 

If your account was created before the 19’th of September 2003, copy a new .cshrc file into your 
home directory, and then log out and log back in(Figure 6). 
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Figure 6:  Getting the correct .cshrc file (Remember to log out and log back in.) 

Change back into you lfsr_ami06 directory. 

Before we synthesyze  the lfsr we have to modify the script file that the Synopsis tool uses to 
compile your design into a net list. 

Open the text editor and open the file compile.scr 

 

Figure 7:  opening compile.scr. 

The script file is slef explanatory.  You have have to search and replace TOP_LEVEL_NAME 
and FILE_NAME with lfsr. 
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Figure 8:  The compile.scr file before editing. 
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Figure 9:  The compile.scr file after editing. 

Now we actually run the synthesizer from the command line in Synopsys(Figure 10). 
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Figure 10: Running Synthesizer. 

 

You should see output like Figure 11. 

At this point you should check the timing of the circuit and eliminate any long paths that 
make the circuit fail specification.  You should be within 30% of your spec at this time to 
allow for routing induced delays. 
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Figure 11:  Output from synthesis. 

Setting up your DFII Data Base: 
Ultimately we are going to load in the gds2 file from the place and route tool into icfb.  WE must 
create a library with icfb before we run the seultra tool script.  The reason is that the se_shell 
script creates a cds.lib file that will not allow you to view the technology file information. 
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To create this directory:  We have to start icfb and create a directory with the proper techfile and 
same name of the verilog file (Error! Reference source not found.). 

 

Figure 12: Creating a DFII library. 

If it is done correctly, you should see the library manager look like Figure 13. 

 

Figure 13:  Library Manager after DFII data base is created. 
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Place and Route: 
Now we need to run the place and route tool from Cadence called seultra.  Before we do this, we 
have to edit the script file seultra.scr according to Figure 14. 

 
Figure 14:  Editing the seultra.scr file. 

 

It is simple; just follow the instructions of the script file. 

 

Now we have to run a set up file that tells the shell where the binaries are for the Cadence Place 
and rout tool Figure 16). 

 
Figure 15: Sourcing the evn.opts file. 

Now run the place and route tool from the command line (Figure 16).  This will take a long time 
even for this simple design. 
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Figure 16: Running the place and rout tool. 

When it is finished, your terminal should look like Figure 17 

 
Figure 17: Place and route finished. 

Converting from SEULTRA fomrat to DFII (icfb) 
The format of the project is not in the correct DFII database format to convert it we run a special 
script developed by IIT.  To run the script type in the command iitcells_se2icfb, as in Figure 18. 

 

 
Figure 18:  Conversion Script. 

You should get a listing as in Figure 19. 
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Figure 19: Output of Conversion Process. 

 

You can now see the layout view of the lfsr in icfb’s layout tool (Figure 20). 
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Figure 20: lfsr converted. 

We can see the final layout in Figure 21. 
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Figure 21: Final Layout of lfsr. 

Checking the timing of the circuit using Spice: 
I am not quite sure why but the extraction from the library you create your design in (in this case 
lfsr) does not work.  You have to create another library like lfsr_test and copy the layout into it, 
and then run extract.  You can do this from the icfb session you started before you sourced the 
env.opts file to het the paths for the place and route tool to work.  If you closed that icfb session, 
then start another terminal and then start icfb again. 

Create a library according to Figure 22. 
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Figure 22:  Creating another library to run extraction on the layout of the lfsr. 

Copy the lfsr, layout view into the library lfsr_test according to Figure 23. (If you get any 
warnings, just click on fix errors and then proceed.) 

 
Figure 23: Copying the lfsr layout view. 
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Now open up the lfsr layout view from the lfsr_test library (Figure 24). 

 

 
Figure 24: Layout view of lfsr in lfsr_test library. 

Go to Verify, DRC check and clcik on ok in the pop-up like Figure 25. 
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Figure 25:DRC Check. 

If you get some errors about malformed metals as in Figure 26, do not worry about it. 

 
Figure 26:  Acceptable errors from DRC. 

The pins are have to be created from labels that have been automatically generated. 

To create these pins first delete all the DRC error markers by going to Verify...Markers... Delete 
All. 

Go to Create... Pins from labels in the Virtuoso editor.  You should see a pop-up like Figure 27. 
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Figure 27:  Creating Pins 

Just click ok. 

Now go to Verify..Extract to extract the circuit for simulation (Figure 28). 

 

Figure 28:  Extracting with parasitic Capacitances. 
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 Note:  The NCSU kit will not do high speed clock trees very accurately.  Be Carefull! 

 

The extraction report should contain no errors. 

Running a Spice Simulation: 
 

Open up the extracted view and start the analog environment (Figure 29). 

 
Figure 29:  Starting Affirma. 

Make sure extracted is in the view list under Setup... Environment. 

Make sure the transient analysis is set to 400ns. 

To set up the test vectors in the Affirma window go to Setup... Stimulus.. Edit Analog. 
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Figure 30:  Seting up the stimulus file. 

Click graphical in the pop-up (Figure 30). and Figure 31should appear. 

 

Figure 31:  Setting Stimulus File. 

Now wee need to change the inputs to DC sources such as VDD and Gound and inputs to 
Vpulses.  If it is an output leave it alone (q[0]...q[9] 
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Figure 32: Setting the Clock. 
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Figure 33:  Setting Enable to logic 1 (5V). 
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Figure 34: Setting gnd to zero volts. 
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Figure 35: Changing reset. 
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Figure 36: Setting VDD to 5 Volts. 

Make sure vdd, reset, e, clock, and gnd are all enabled! 

Click on apply, but do not close the window. 

 

In the Affirma window Go to Outputs... To be Plotted... Select from schematic and click on all 
the metal3 lines until the high light (Figure 37) 

 

Figure 37: Selecting Outputs to be Plotted. 
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Look in the Afirma window to make sure all the inputs and outputs are listed. 

Run the simulation. 

 

 

Figure 38: Final Simulation. 

You should get something like Figure 38. 
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This is the very basics of this flow.  I 
have not shown you how to set any 
synthesis or place and route parameters.  
You use it at your own risk. 
 


