IC, package co-design proving elusive, experts say
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 SAN JOSE, Calif. — IC package design has become a huge bottleneck for getting chips out the door, but there are few automated tools that can help, according to panelists at the International Symposium on the Quality of Electronic Design (ISQED) here Tuesday (March 25). Panelists emphasized the need for "IC/package co-design," but acknowledged it won't happen any time soon. 

The need for co-design is driven by the emergence of advanced packages, such as flip-chip BGAs with over 2,000 pins and I/Os in the GHz range. Such packages could jeopardize Moore's Law, said C.Y. Ho, vice president of engineering at Synopsys. "I can see a scenario where you'd have a $10 chip in a $50 package," he said. 

What's clearly needed, panelists said, is an ability to co-design chips and packages so packaging tradeoffs can be evaluated early in the design. Using a common cost model, designers could determine how many layers go into the chip as opposed to the package. But for now, the reality is that packaging designers work alone, using little more than Excel spreadsheets to make their decisions. 

"There was a time when the package designer never even saw the chip designer. They were in different buildings and never even had a phone discussion. That's changing," said Mike Hundt, director of corporate packaging for ST Microelectronics in North America. 

Hundt said that co-design is needed only for BGAs, and that two to four layer BGA design is "pretty well under control." The problem, he said, is the growing number of packages with more than four layers and I/O speeds over 2 Gb/sec. Further, he noted, ST Microelectronics is building many more stacked packages, in which three or four die are stacked on top of each other. 

"It's all done by the seat of the pants today," Hundt said. "It's done with spreadsheets and some in-house expertise." He said he'd like to see chip designers engage in chip/package co-design, while packaging designers provide a package library — but he acknowledged the practice is a long ways off. 

Tools lacking

Aurangzeb Khan, vice president of Cadence Design Systems' Design Foundry, detailed the electrical, signal-integrity and signal transport challenges of package design. He said that Cadence's design consultants are seeing flip-chip and enhanced BGAs with up to 2,200 bumps and I/O speeds of 200 MHz to 3.125 Gb/second. 

"There aren't many good tools other than Excel spreadsheets," he said. "We're not doing co-design, but we're able to do some co-optimization in a limited way." 

With 2,000 I/Os, Khan said, package designers can only model a few nets for issues such as signal integrity and signal transport. "In chip design, we'd model all of the topology," he said. "We're taking risks because the technology won't allow us to do as thorough a job as we'd do at the chip level." 

Three EDA vendor representatives acknowledged the problem, but offered only limited help. Synopsys' Ho said flip-chip is an "inflection point" driving co-design, and he noted several challenges. He said there's a need for a concurrent die and package planning capability, comprehensive device verification, a vendor-neutral package database and unified die and package modeling and simulation. 

Nitin Deo, vice president of business development at Magma Design Automation, said chip/package co-design is needed not only for 2,000 pin packages, but for much smaller packages because of electrical concerns. He noted that it starts with logic designers, who may need to push primary I/Os down into the logical hierarchy, and thus must partition logic correctly. 

In physical design, Deo said, layer blockages need to be created around pads, physical placement of blocks must account for I/Os, and the power grid needs to be customized. While bump routing can be done in layout editors today, he said, what's really needed is system-level partitioning with a tradeoff analysis of packaging options. 

Existing EDA tools at least partially address many packaging concerns, but true co-design is "very hard," said Lou Scheffer, a Cadence fellow. When it comes to tasks such as signal propagation or IR drop analysis, he said, there are separate tools for chips and packages, but they don't interact. Optimizing pin assignments for both the chip and package is difficult, he noted, because there are two different routers and cost models. 

There's some missing technology that's likely to be provided, Scheffer said, such as package interface formats. But he wasn't optimistic about true chip/package co-design. "The problem is hard and the market is small, so you're not going to get an automated tool in this area," he said. 

"I'm very pessimistic help is on the way," said Hundt, who has been designing packages for 25 years. "Until I retire, I think package design is going to be done by very experienced people." 

