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Introduction

Many students who choose to design an ASIC for their MSc Project have in mind the possibility of taking the design to silicon, but end up stopping once the design has been verified.  It is easy to become engrossed in design aspects and overlook the constraints of manufacturing until it is too late.  The purpose of this document is to point out the issues that must be confronted early in a design and those that must be considered throughout the design process in order to give the best chance of having chips made within the timescale of an MSc project.  

The taught modules of Advanced Microelectronics cover all the important points but the advice is distributed across different modules and it is only at the MSc project that they all have to be addressed together.  Because a taught module is not long enough to have a chip made, the MSc Project is the first time that the design sequence matters for real.  Unfortunately the experience of the taught modules can present the false impression that the design process is linear and the step from verification to fabrication is straightforward.  In fact it is vital to go about the design with the production objective in mind from the outset.  If all thought of fabrication is left until after the layout verification is complete, the silicon area is likely to end up larger than necessary and the next scheduled multi-project wafer for the chosen design process may already be fully committed.  Either the cost or the timescale (or both) may end up being prohibitive.

Every project that may involve the design of an ASIC should start with an investigation into suitable fabrication processes and costs. 

Tradeoff Between Customisation and Cost

Full Custom

If money is not a consideration, you could probably find a wafer foundry somewhere that would run your particular choice of process especially for you, possibly within a timescale as short as four months.  The minimum production quantity would probably be in excess of 50,000 die and the cost would be of the order £300,000 (GBP) or more.  If your work involves this type of design activity, then you should certainly consider proposing some aspect of it for your MSc project.  There will be plenty of scope to include the academic requirements of the project alongside your work for the company.  For most of us the costs involved will completely rule out further thought of full custom design.

Full wafer 

Gate arrays are manufactured in bulk in an unfinished state where the metallisation layers can be added on an individual wafer basis.  This brings the minimum quantity down to a few hundred die and the cost to something below £10,000.   Standard cell devices require a full mask set and could cost up to £50,000 depending on whether they are analogue, digital or mixed signal.  Again, if your employer is involved in this scale of production, there is likely to be scope for an MSc Project.  

Multi-Project Wafer

The practical route for the majority of us is the cycle of multi-project wafers (MPW) organised through various manufacturers in Europe and coordinated by Europractice IC Services.  Europractice specialises in providing low cost routes for prototyping or small production runs.  To keep costs down there are restrictions on the choice of process and fixed submission dates.  At the time of writing (July 2002) the European Commission subsidises the cost by one third for academic institutions based in the EU, up to an annual discount allowance of 3,000 Euros per institution each calendar year.

Commercial Influence on Choice of Process

Taking a design to silicon is a two stage process, first a prototype is produced, then a production version.  There are three scenarios defined by the budget available.

1.
If there is serious commercial involvement it is important to start by choosing the process to be used eventually for the production versions because this will strongly influence the choice of process for the prototype versions.  A silicon foundry has the flexibility to recover the non recurring costs (NRE) in different ways so there may be scope to negotiate a sizeable reduction in the cost of the prototype run(s). 

2.
If the commercial involvement is speculative, then it is best to set out in the same way as above, but accept that some compromises will be necessary on the grounds of cost.  This option has dubious commercial validity because it is likely to result in extra costs for a redesign if the company wants to take it any further and a different process is then involved.  

3.
If there is no commercial involvement, then it may not be necessary to consider the process that might be used for production versions, but restrict the work to the best deal for the prototyping versions. 

The primary considerations are choice of process, volume, unit cost and the technology (digital, analogue or mixed).  A wholly digital design is likely to go straight from prototyping into production with confidence since if it has been simulated properly there are unlikely to be any surprises.  In contrast, an analogue or mixed signal design is likely to require more than one prototyping run before it is fully proven. 

Costs can be reduced by participating in a multi-project wafer (MPW) scheme for the prototyping and even for production.  The choice of process is restricted, the timescales are very restricting and the outcome is a low number of chips (typically 10 or 20 off). Nevertheless, this is likely to be the route for most MSc projects. 

The Way Forward

From here on we assume that you will be looking at the MPW service from Europractice since for the majority of us this will be the only practical way forward.  

1.
Explore the Europractice website 
The site has recently been completely updated and is at   www.europractice.imec.be.

Here you find the schedule of MPW production runs for the current year and the cost (in Euros) for a minimum number of prototype die.  

2.
Identify an appropriate production process.  
Production processes have a limited lifetime and some will be indicated as running for the last time while others will be on offer for the first time.  You will probably want to take the conservative approach, choosing a process that is well established but not about to end.  There is likely to be some tradeoff here between the suitability of production dates, availability of design libraries, technical considerations and cost. 

3.
Identify the likely yield
The yield will depend on the production process, your familiarity with its requirements and the complexity of the design.  If the yield is going to be low and you are going to need a reasonable sample size for statistical purposes, consider ordering more than the minimum quantity.

4.
Work out the total cost likely to be charged by Europractice
This is where it becomes complicated.  The cost is based on area (mm2), which in turn depends on the choice of process, the number of gates or other components, and the number of pins.  For some processes a minimum area or block size is specified.  At this stage, assume that educational pricing will be available (price column headed Cat1). Additional costs of packaging and testing are also detailed on the website. 

The total cost per design is the sum of:

· Fabrication cost

· Packaging cost  (see packaging price list)

· Plots required  (25 euros per plot)

· Testing 

Discuss with your supervisor any tradeoffs for reducing the cost.   For example, consider the tradeoff between the cost of testing bare die and testing finished packaged chips.  You may need to insist on bare die testing as not all foundries welcome this work. 

When you have narrowed down the options, contact Europractice direct for a "rough price estimate", using their online "request for quotation" form, available through the website. 

5.
Negotiate your employer's contribution
Re-calculate the cost using price Cat 2 (price without subsidy) and subtract the two.  This gives the amount of subsidy requested from the European Commission.  Check with your supervisor how much annual allowance for either Bolton or Northumbria can be allocated to your project.  If the annual allowance has already been used, then the higher cost will have to apply, or you may be able to move production into the next calendar year.  Then check how much project funds the institution can afford to allocate to your project.  That will leave you with an estimate of how much your employer will be expected to contribute.  

Please note, we reserve the right not to fund a design, or to pass on the full unsubsidised (Cat 2) cost of a design which in our opinion has little or no educational benefit or is overtly commercial in nature. 

6.
Check libraries available
Check with your supervisor that the libraries for your preferred design process can be made available at Bolton or Northumbria.  If not, it may be necessary to choose a different process.  If an additional cost is incurred, negotiate how it is to be funded.  A price list for educationally licenced EDA software is to be found at     www.te.rl.ac.uk/europractice/

7.
Refine the area required
The area of silicon will depend on the number of gates, the type of gates, the number of pins, etc.  If the area is pin-limited, there may be tradeoffs in the design that would reduce the number of pins (e.g. multiplexed I/O).  So a design iteration may be necessary to reduce the area.  Clearly the smaller the area of silicon and the few the number of pins, the cheaper the chip will be in production. 

8.
Technical Study
Study in detail all the "Technology Info" published by Europractice for your chosen technology.  Study also the pages on design submission, design registration, and file transfer.

9.
Design Registration
Your supervisor should then register the design with Europractice, using the membership number for The University of Bolton. 
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