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Much has been written recently about the new opportunities structured ASICs offer designers seeking a highly integrated silicon solution for low- to mid-

volume applications. This new architecture strikes an attractive middle ground between the high NRE costs and long development cycles associated with cell-

based ASICs, and the performance limitations and higher unit costs of FPGAs.

By having some of the logic, memory, and I/O preconfigured and embedded in the device and then allowing engineers to customize their logic during applica-

tion of just a few metal layers, structured ASICs reduce the number of masks used in the design process without significantly limiting design flexibility. Using the

architecture’s predefined features as well as architecturally optimized physical synthesis tools, such as Synplicity’s Amplify® ISSP Pro, designers can quickly resolve

signal integrity, power integrity, and timing convergence issues and achieve handoff in a single pass. The design team ends up with a highly integrated IC that

offers many of the performance and density benefits of a cell-based ASIC, yet can be developed at 75 percent lower cost in as little as six weeks.

Hidden Advantage

What is not as well known about structured ASICs is the quick and simple migration path they offer to cell-based ASIC technology. Typically fabricated in the

same high-performance process technology and implemented in a very similar design flow using similar tools, structured ASICs offer designers a rapid and easy

conversion to the low unit costs only available in a high-volume, cell-based ASIC implementation.

However, having the ability to migrate from a structured ASIC to a cell-based ASIC offers designers more than an avenue to lower unit costs. It also allows

the design team to take advantage of the short turnaround time of a structured ASIC to fine tune a design to better meet market needs. Using the knowledge

gained by achieving faster time to market, designers can add, remove, or optimize features as they go to a cell-based implementation to better address customer

requirements. In effect, the path from structured to cell-based ASIC allows designers to quickly build a second-generation product with all of the low piece

price advantages the cell-based approach brings.

Before making that migration, however, designers must carefully consider the higher NRE costs and longer cycle times associated with the cell-based process.

NRE costs for a cell-based IC in a 90-nm process will easily run in excess of $1 million, or approximately five to ten times the cost of developing a structured

ASIC in the same process technology. The development process will also be significantly longer, running 12 to 18 months versus six months for a 90-nm struc-

tured ASIC.

But along the way, designers can replace the structured ASIC’s fixed embedded RAM with more optimized structures, maximize the number of ports,

improve the density and performance of the custom logic and reduce power consumption of the device. Moreover, since the designers have already worked

their way through the structured ASIC development process, they are less likely to spend a disproportionate amount of time on testing and design debugging

because they have already encountered and resolved many of the more difficult challenges inherent in the design.

Mobile Device Design

The recent experience of a design team at a major portable products manufacturer offers an excellent example of how this conversion process might work.

The design team’s goal was to develop a new mobile device as part of a field trial of a management and inventory control system. The highly integrated device

combined a high-performance processor, RF module, an 8-bit controller, various display controllers, and multiple memory modules. To comply with that small

footprint, designers were forced to integrate MPEG-4, JPEG, LCD graphics and IC card, SIM, and UART functionality into a single IC.

The developers first considered implementing the functions in a single FPGA or a cell-based ASIC. However, one of the key constraints the team faced was

an extremely tight development schedule. Since the mobile device was intended for a field trial, the designers had to go from RTL to sample silicon in less than

two months. Clearly, the schedule did not leave enough time for a typical 12- to 18-month cell-based ASIC design and manufacturing flow.

The quick turnaround available with an FPGA looked promising. But engineers estimated that the limited densities of available FPGAs would push the design

into three BGA chips, a strategy that would directly conflict with the tight space constraints of the design. Moreover, the designers faced severe performance
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and power requirements. An initial assessment indicated that implementing the desired functions into multiple FPGAs would violate the design’s power budget

and might not deliver the desired performance. Furthermore, since the market for the mobile device was potentially very large, the developers needed an

implementation strategy that would allow them to eventually retarget the design relatively quickly and easily to a lower-cost, cell-based ASIC.

The team eventually decided to implement the functions in NEC Electronics’ 150-nm ISSP1 structured ASIC technology. The ISSP architecture’s embedded

clock structure simplified timing closure and minimized clock skew. And its embedded power grid reduced power integrity issues and accelerated place and

route operations. Finally, the architecture’s embedded DFT features eliminated any need for time-consuming test insertion and functional/timing resimulation.

Netlist to tape-out of the device in the ISSP architecture took about four weeks, while tape-out to delivery of an engineering sample took another two weeks.

(Figure 1)

For this design team, the ability to migrate from NEC Electronics’ ISSP structured ASIC architecture to the company’s cell-based ASIC technology was a key

consideration. The use of a structured ASIC allowed the team to quickly develop its product in limited volumes to conduct the field trial and introduce the

communicator to potential customers. Once the field trial was complete, however, the team rapidly migrated to a cell-based implementation to drive down

product costs. Since the structured ASIC was implemented in the same process technology as that used by NEC Electronics’ cell-based product line, many of

the design migration issues engineers typically confront were eliminated.

Conclusion

The communicator design described above illustrates how a silicon integration strategy can range well beyond a simple comparison of development costs,

performance limitations, and turnaround time. It often requires careful up-front consideration of the future evolution of a design. For today’s IC designers who

are unsure of the size of the potential market for their device, the ability to migrate easily and quickly from a structured ASIC to a cell-based IC offers

unmatched flexibility to drive down costs and respond to changing market demands.
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Figure 1. 150-nm Structured ASICs:
From Clean Netlist to Samples in Less Than One Month
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Actual turnaround time for ISSP1 designs:
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