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Sandia and SEMATECH 
keep pushing IC 
technologies 
Projects to improve processes and reduce 
contaminants drive research applications 

hen you’re trying to get from here to the future, you can either sit still and wait w till the future arrives, or you can find a map and start moving. For the last five 
and a half years, Sandia National Labs and SEMATECH, the national consortium for 
semiconductor manufacturing, have been working together to improve production 
equipment for integrated circuits. For the last three years, they have been using the 
National Semiconductor Technology Roadmap to help select projects. 

The roadmap is a set of guidelines 
developed by the US. semiconductor industry 
to define processes and equipment that are 
needed to keep this country’s integrated chip 
industry competitive, on a world-wide basis, 
over the next fifteen years. The CRADAs that 
Sandia has implemented with SEMATECH (in 
response to industry requirements) include 
projects studying a broad range of 
semiconductor production needs, as well as 
projects to bring specific technologies to market. 

contamination-free manufacturing (CFM). The 
CFM Research Center was established at Sandia 
in 1993 to research enabling technologies and 
methods for cost-effective CFM. The CFM 
center’s goal for IC fabrication technologies is to 
help the industry achieve 0.1 -micron features on 
ICs. The center addresses all aspects of 
contamination in a manufacturing process, 
from the initial creation of particulates to the 
removal of contaminants from the wafer. 
Detecting contaminants that can produce killer 
defects in a 0.1 -micron technology requires 
locating contaminants on the order of 0.01 
micron, which, on an eight-inch wafer, is like 
looking for a golf ball in an area the size of 
Rhode Island. 

One of the wide-ranging projects is in 
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Sandia engineer Gary Tipton works to benchmark equipment for a 
Sandia-SEMATECH project. Sandia‘s analyses help generate meaning- 
ful cost-of-ownership comparisons, demonstrating in some cases tha 
US.-made machines are preferable to foreign models. 
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Specific CFM projects include modeling the creation, 

transport, adhesion, and removal of particles from wafers or 

I I equipment surfaces; developing low-cost sensors to detect 
particles, moisture, and corrosive gases; evaluating 

I 1 Off I contaminants in the wafer manufacturing environment; and 
developing improved methods for removing contaminants 
from wafers. Technologies for contamination detection have 
already been transferred to industry as have methods for 
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reducing the concentration of acids used in chip manufacture. 
Another large program area has focused on process and equipment modeling. 

Such modeling has supported the design of low-pressure chemical vapor deposition 
(LPCVD), rapid thermal processing (RTP), and plasma-enhanced deposition and 
etching reactors. The modeling objective is to describe the detailed atomic and 
chemical interactions occurring on the wafer surface and the resulting surface 
topology based on reactor control parameters. These models include the fundamental 
physics for processes and interactions occurring in the chambers as a function of 
temperature, gas flows, and chemical interactions occurring in the chamber and at the 
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One of the LPCVD reactor models describing furnace temperature variation 
was used to design all portions of a furnace, including base pedestal, seals, quartz 
tube, heater location, gas injectors, and wafer boat with optimum wafer spacing. In 
addition, the models were used to develop a furnace controller which provided more 
than a 50% improvement in furnace operation, both in terms of wafer preheating 
times and wafer temperature uniformity The improved furnace throughput and 
uniformity have the potential of providing the largest return on investment of any 
project the partnership has sponsored. The semiconductor industry has access to this 
modeling and design software through the Equipment Design and Support Center 
(EDSC) at Sandia. 

valuable to SEMATECH. According to William Spencer, the consortium’s president, 
“SEMATECH has successfully used the modeling expertise that Sandia developed for 
its nuclear weapons program to reduce research time and costs on vertical furnaces . . . 
Using the modeling capability at Sandia, we hit [the design] right the first time . . . 
saving a tremendous amount of time and money? 

Sandia and SEMATECH are now cooperating in over 30 projects, including 
ultra-lightweight materials for lithography wafer stages, lithography thermaUoptica1 
system modeling, improved equipment control systems, electronics packaging, and 
reliability By solving current production problems and developing advanced 
technologies for new processes, Sandia is helping keep the U.S. semiconductor 
industry at the forefront of world competition in electronics. B 

I 
Sandia‘s process and equipment modeling capabilities have been extremely 

For more information, call 
Chuck Gwyn, External SI Programs, (505) 844-5154, or 
John McBrayer, External SI Programs, (505) 845-8878. 

a 



I Manufacturing 

Intelligent, mo del-based 
systems for fast-paced 
manufacturing 
Sandia’s SmartProcess systems: tool kits for 
developing concepts into ”out-the-door” products 

anufacturing design used to be sequential, like a relay race. At any given M moment, success depended almost entirely on the performance of the 
individual runner (design engineer, manager, or manufacturer), and “interfacing 
was limited to the crucial hand-off of the baton (conceptual design or prototype). 

Today, it‘s different. Responding to customer demands for increased 
customization, decreased cost, and higher quality, manufacturers are taking a 
concurrent approach to product design. “It‘s more like a formula car pit crew at 
the Indy 500 instead of foot runners at a relay race:’ says Sandids Kim Mahin. 
“Everyone works on the product design at the same time. Our SmartProcess 
program is developing the ‘tool kits‘ these manufacturing design ‘pit crews’ need.” 
With SmartProcess tools, manufacturers can make tradeoff decisions that balance 
performance with manufacturability early in the design cycle, thereby minimizing 
“on the floor” prototyping, which inevitably generates high scrap and rework and 
usually compromises function, schedule, or cost. 

Sponsored by the DOE’S Defense Programs Office and cooperative research 
and development agreements with private industry, Sandia is developing a number of 
computer-based SmartProcess systems. Examples include FASTCAST (a system for 
rapid design and prototyping of gates and runners for investment casting molds) and 
Smartweld (a system for the intelligent design and 
fabrication of welded components). Other metals- 
based Smartprocess capabilities under 
development are QuikForm (for intelligent design 
of dies for stamping and deep drawing operations) 
and SmartForge. In the non-metals arena, Sandia 
has initiated the basic research needed to generate 
experimentally-based mathematical models of the 
physics of compaction of ceramic powders and the 
cure stresses generated in polymeric materials. 
“These Smartprocess tools integrate Sandids 
knowledge base in traditional materials and 
processing (developed during 40-plus years of 
supporting the DOE weapons complex) with our 
widely recognized expertise in process simulation:’ 
says Mahin. 



Top: Part of the Smart- 
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space. 
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The bottom line is that SmartProcess systems can save both defense programs 
and domestic manufacturers money and boost their productivity For example, 
welding is a $50 billion-a-year activity in the United States, generating more than $7 
billion of rework and scrap. “The goal of the Smartweld program is to put a sizable 
dent in that $7 billion figure:’ states Mahin. 

In the automotive industry, welded assemblies for transmission systems are 
constantly faced with trying to control distortion in deep-drawn or stamped thin- 
metal parts. The problem is not quality control during welding, but rather quality 
control during forming, when residual stresses that cause the distortion develop in the 
material. “Smartweld, coupled with QuikForm, can predict these effects before 
production begins and recommend modifications to ensure optimum yield:’ says 
Mahin.“The potential exists to reduce scrap rates and process time by factors of 
100 or greater.” 

(part geometry and material type) as input. With this information, users can access a 
knowledge-based assistant within Smartweld to aid them in selecting the optimum 
welding process, weld joint design, and welding schedule. “By providing designers and 
manufacturers with an integrated design, analysis, and manufacturing environment, 
SmartProcess enables them to concurrently optimize product performance and 
producibility within a desktop engineering environment:’ explains Mahin. “In the 
future, this same manufacturing design information will be used to drive intelligent 
programming of automated production equipment.” 

On the manufacturing floor of tomorrow, knowledge- and model-based 
systems like Sandia‘s SmartProcess will provide the tools for simultaneous design of 
products and processes. Within this virtual manufacturing environment, design 
modifications will be rapidly assessed in terms of cost, manufacturability, and 
environmental impact before any real hardware is produced. SmartProcess systems 
can lower manufacturing costs, reduce time for product realization, improve product 

consistency, and enhance the 
organizational flexibility of the design and 
production teams. As it supports Sandia’s 
defense programs, SmartProcess is also 
providing the tools US. manufacturers will 
need as they race for position in the global 
marketplace. Q 

Like other SmartProcess systems, Smartweld uses solid model information 

For more information, call 
Kim Mahin, Materials Processing for 
Manufacturing, (505) 844-2222, 
Frank Zanner , Liquid Metal Processing, 

Johnny Biffle, Research Programs, 
(505) 844-5385, or 
John Mitchiner, Information Systems 
Applications, (505) 844-7825. 

(505) 845-3085, 
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Two Intel Paragon machines combine to reach 
over 280 gigaflops 

cientists from Sandia National Labs and Intel Corporation recently used two Intel S Paragon XP/S Supercomputers to beat the existing world record for computing 
performance. The Sandia/Intel team achieved a record-shattering 28 1 double- 
precision gigaflops (billions of floating-point operations per second - GFLOPS) in 
December of 1994, using the Massively Parallel LINPACK benchmark on the two 
linked machines. The previous record of 170.4 GFLOPS was set in the fall of 1994 by 
Fujitsu's Numerical Wind Tunnel, a one-of-a-kind system owned by the Japanese 
National Aerospace Laboratory. 

"Sandia's achievements with the Intel Paragon system demonstrate the 
significance of the U.S. High Performance Computing and Communications (HPCC) 
initiative and establishes, once again, U.S. leadership in high performance computing. 
These achievements also resoundingly prove the power of the Paragon architecture:' 
said Art Hale, manager of Sandia's Parallel Computing Science Department. 

The two Paragon machines used a total of 2,256 multiprocessing computer 
nodes and 6,768 Intel i860 XP microprocessors. The computers were linked at Intel's 
facility in Beaverton, Oregon, for the computations that set the speed record. The 
system uses the Sandiduniversity of New Mexico Operating System (SUNMOS) to 
control the processors."The SUNMOS system is the enabling technology for 
achieving these speeds:' Hale said. "It's simply a well-designed kernel that operates a 
parallel system very efficiently? Sandia has licensed SUNMOS to over fifteen sites, and 
is working with Intel (through a cooperative research and development agreement) to 
develop a lightweight kernel for massively parallel computer systems. 

supercomputer has held the MP LINPACK title. LINPACK records of 8.9 GFLOPS 
and 13.9 GFLOPS were set in 1991 by the Concurrent Supercomputing Consortium's 
Intel Touchstone Delta system, which resides at Caltech. Sandia and Intel set a record 
of 143.4 gigaflops earlier in 1994, and that record was overtaken by the Japanese 
system later in the year. 

an R&D 100 award for pioneering research in massively parallel computing. This 
work showed, for the first time, that 1,000-fold speedups (increases of three orders of 
magnitude) could be achieved on engineering problems using a first-generation 
massively parallel machine with 1,024 processors. Previously, general wisdom held 
that it would be difficult to achieve speedups greater than 100-fold while solving a 

The Sandiahtel record represents the fourth time in three years that an Intel 

In the late 1980s, Sandia won the Gordon Bell Prize, the Karp Challenge, and 



single problem. Now, Sandia researchers have gone beyond three orders of magnitude 
in increasing computer speeds. 

“Sandia’s achievement validates both the soundness of Intel’s scalable 
architecture and the leading role that Sandia National Laboratories plays in pushing 
the envelope of high-performance computing:’ said Ed Masi, president of Intel’s 
Supercomputer Systems Division and vice president of Intel Corporation. “The 
LINPACK record represents a win not just for Sandia and Intel, but for the U.S. 
Advanced Research Projects Agency, the Department of Energy, and the entire U.S. 
HPCC community;” 

Sandia researchers Stephen Wheat, Rolf Riesen, Lance Shuler, Gabi Istrail, Chu 
Jong, and Lee Ann Fisk (a University of New Mexico computer specialist) worked closely 
with a ten-member Intel team at Beaverton to achieve the new record. The MP LINPACK 
implementation for the Paragon system was developed by Sandia and Intel, based on a 
version written by Robert A. van de Geijn of the University of Texas at Austin. 

Sandia’s supercomputing achievements will have effects in many research areas 
at the national laboratory. The Sandia-developed CTH code, used to investigate a 
spectrum of shock physics problems, has been modified to run on a massively parallel 
computer. In 1994, the PCTH code (the“P” designating the parallel computer 
version) accurately simulated the fireballs resulting from the impact of Comet 
Shoemaker-Levy 9 on Jupiter. Other computationally intensive areas where Sandia 
researchers are using massively parallel codes include the effects of conventional 
weapon penetrators, finite element analyses and mesh generation algorithms to 
provide graphics, and complex, three-dimensional fluid dynamics analyses. Massively 
parallel computing will also make significant contributions to the design of molecules 
and materials in many different fields. Q 

For more information, call 
Art Hale, Parallel Computing Science, (505) 845-7802. 
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