ECE 4540 Design Project 

Fall 2012 

Hardware Specification
DUE DATE Dec. 12, 2012 at 5PM

Preliminary design due by December 3 at 11:55 PM
Teams of two
The objective of this project is to familiarize you with the steps necessary to transform a system level or gate level digital design into an IC layout that is ready for fabrication as a chip. Use the TSMC 0.35 µm process with the SCN4ME_SUBM design rules found in the NCSU_TechLib _tsmc04_4M2P library.  In this technology lambda is actually 0.2 microns.  

Several of the best projects may be submitted for fabrication through MOSIS. Selection of circuits to be fabricated will be based on complexity, testability, demonstration of the fact that the chip will function properly, and timely submission of the completed project. Fabricated chips will be returned after the semester ends and will likely be used in subsequent laboratory analysis. Those desiring to have their circuits fabricated must commit to completing required testing within 30 days of when the fabricated chip is returned. 

To obtain the best grade, completed projects must include: 

1. A drawing of the gate level circuit and system level diagram with a short explanation of the operation of each.

2. A labeled pin diagram of your chip indicating both pin numbers and functionality.

3. A floor plan of your layout. This should describe where the major functional units are located on the chip.

4. A check plot of your overall layout.  The check plot should be in the form of one layout picture of the overall design in addition to a layout picture of each of the significant subunits that comprise your design.

5. Provide the filename of the root cell for the project in the project report and set the directory up to allow access to the files for the instructor.

6. SPICE simulation of the transistor level timing behavior for the components of your implementations.  This should include simulations to calculate the worst-case delay of the critical components of your system.  These include strategic portions of the comparator such that you can use the output of the SPICE analysis to calculate the worst-case delay of the overall comparator. (The worst-case delay may be data dependent.)  Compare your expected delay(s) to those given in the datasheets.  SPICE simulations should be annotated to indicate where your values were measured.
7. You should estimate the maximum clock frequency at which your system will operate based on the simulations above.  What you should be trying to determine is how long, in the worst-case, it takes for data to propagate from the input of the chip to the outputs.  If you feel it is necessary, you may use another simulator for this portion of the project, or you may perform the calculations by hand.
8. At least three basic hardware test inputs that can be used to show that your chip functions properly in that particular case. This may include a schematic showing how your chip could be interconnected on a prototyping circuit and what signals need be applied as inputs and what outputs are expected. (Somewhat like a truth table.) Explain precisely how your chip can be tested so that someone unfamiliar with your chip may easily perform the testing. Those wishing to have their chips fabricated should design for testability! Include test point outputs by attaching unused pins to internal nodes (through output driver pads of course).
9. Provide an estimate of the average dynamic power dissipation PD of the circuit if it were operating at its maximum clock frequency.  You may use SPICE to help you determine PD.
Your project should be designed to be placed on a 40-pin chip even if the project requires fewer pins.  The size of the usable silicon area is 2.2mm X 2.2mm. However, a strip of silicon real estate approximately 220 microns wide must be reserved around the edge of the entire chip in order to place the chip pad drivers.  A pad frame with pad driver cells will be provided to you - you needn't design them. Minimize the layout as much as is possible. Use surplus pins to bring test probe leads onto your chip. A test probe lead is simply a means of connecting a strategic point in your circuit to the off-chip world. A larger pad frame may be available if needed.  Design for the smaller frame if possible.
The SCMOS design Rules can be found at http://www.mosis.org/Technical/Designrules/scmos/scmos-main.html while the layer map for the SCNA technology can be found at http://www.mosis.org/Technical/Layermaps/lm-scmos_scna.html .  

Groups must be two persons.  The tasks involved in implementing this design should be divided equally among the group members.  For example, one person may be responsible for developing the logic and the other the checking the logic and assuring the system configuration will work.  You should both do some portion of the layout and the SPICE simulations  You will also need to allocate some effort to connecting all of the modules together as well as connecting them to the I/O pads.  Each should be responsible for documenting and simulating their portion of the design.  You should both work on the report together to ensure that it reflects a single writing style and reads well.  The reader SHOULD NOT BE ABLE TO TELL THAT IT IS WRITTEN BY TWO DIFFERENT PEOPLE. The overall bottom line is that you are a team and that you are both individually responsible for finishing the product.
Insert the project grading form as the second page of your report.  The first page should be a title page which includes a title, the submitter’s names, and the submission date.
You will need to turn in a preliminary design on December 3 at 11:55 PM consisting of 

1. A general floor plan for the layout
2. A logic diagram.
3. Preliminary layouts for a prototype subsection of the overall layout and layouts for any pieces of random logic gates including the logic to implement large fan-in gates. (I want to see that you have done some portion of the layout).
4. Initial SPICE simulations for your circuits described above. One subcomponent will be sufficient. (Again, I am looking for evidence that you have started to do SPICE simulations early in the design process).
Remember, the complete project is due December 12.

Ask lots of good questions. Cooperate among groups.  Share information on how to use the CAD tools effectively.  Do not copy layouts from other groups. Batteries not included; some assembly required!

Comparator Description

You are working for a Joe’s Knockorama – where knock offs are our business.  We build improved products based on earlier versions originally designed in what is now outdated technology. Your boss has decided that the company can make some money re-designing a component originally designed as an individual TTL chip. Using CMOS technology, subsystems that were previously marketed as separate chips will now be integrated into one chip.  You are to design a new chip called the 16-bit comparator chip.  The system consists multiple 4-bit comparator 74F85 subsystems and any necessary logic to make them work together as a 16-bit comparator.  The system configuration is as follows:






•
•

•




The overall output should be:

	Input vectors
	Output A>B
	Output A<B
	Output A=B

	A>B
	H
	L
	L

	A<B
	L
	H
	L

	A=B
	L
	L
	H


As with any product designed at Joe’s Knockorama you should feel free to search for basic logic designs for the system anywhere you can find them (we’ve got a great legal team – Dewey Cheetum and Howe). However, the transistor level design and the layout must be all done by you. Do not use pre-designed standardized cells. 

The overall circuit should be capable of operating with less than 50 ns delays for the longest comparator operation.  The outputs do not need to be TTL compatible, but rather should be CMOS compatible.  Use the standard frames and pad driver/receivers that will be provided by the boss.

See the data sheets for descriptions of the 74F85 in the PDF document contained on the class web site http://filebox.ece.vt.edu/~jgtront/ece4540/project/project.html .

Be sure to review the grading sheet for the project, also provided at the website listed above.
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