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EXECUTIVE SUMMARY

The capability to design and fabricate integrated circuit (IC) products is critical to the economic
and national security of the United States. IC products are fundamental building blocks for
commercial, industrial, and national security electronic systems. In recent years, there have been
questions about the possible erosion of the U.S. manufacturing base and increasing reliance on

offshore producers to supply microprocessors, memory chips, and other IC devices.

In July 2007, the Department of Commerce’s (DOC) Office of Technology Evaluation (OTE) in
the Bureau of Industry and Security (BIS), with support from the U.S. Department of Defense,
initiated a study to assess U.S. IC design and fabrication capabilities. Forty-nine fabricators and
106 fabless firms participated in an OTE survey and provided detailed information on their
ability to create a range of conventional and radiation resistant IC devices across technology
nodes, using standard and non-standard semiconductor materials. Data collected through the
OTE survey covered the period of 2003 to 2006, with projections through 2011.

Overall, companies reported broad capability in the United States to manufacture and design
both conventional and radiation resistant ICs across almost all technology nodes, materials,
wafer sizes, and device types. Based on projections through 2011, this core capability

reportedly will be maintained despite some increases in outsourcing to non-U.S. locations.

During the 2003-2006 period, U.S. manufacturing and design activity was supported by
significant growth in corporate net sales, research and development (R&D) spending, and capital
expenditures. The vast majority of R&D and capital expenditures was allocated to activities

within the United States, with a small but growing portion directed to overseas operations.

It is important to note that five large-size fabricators dominate most facets of the U.S. IC industry
in terms of production, design, employment, and financial performance. However, small- and
medium-size fabrication and fabless companies serving commercial and defense markets are

important to the supply base. Much of the capability to manufacture radiation resistant ICs and



ICs using non-standard materials, which are required for critical industrial and national security

applications, resides with these companies.

RECOMMENDATIONS

The Department of Commerce, Bureau of Industry and Security, in coordination with the Office
of the Under Secretary of Defense for Acquisition, Technology & Logistics, will review and

report every two years on the following:

e Changes in the health, competitiveness, and global operations of the top five large-size
fabrication companies, which could have significant repercussions for the U.S. IC industry
and national security because of these companies’ dominant positions in the industry;

e Future activity in leading-edge IC production to assess any erosion or expansion of domestic
capabilities, as few companies can currently fabricate ICs at the leading-edge technology
nodes below 65 nm;

e The state of domestic mask making capability, because there is currently minimal in-house
production capability and outsourcing to non-U.S. companies is projected to increase;

e The financial performance of the U.S. IC industry in order to assess the impact of the current
global financial situation on the stability of the domestic IC industry, particularly on small-
and medium-size IC fabrication and design companies.



BACKGROUND

This defense industrial base assessment was initiated by the Bureau of Industry and Security to
provide a comprehensive overview of the U.S. design and fabrication infrastructure available for
manufacturing Integrated Circuit (1C) products now and in the future. ICs are used to meet U.S.
national security and other defense critical requirements, as well as commercial/industrial needs.
On a world-wide basis, IC production totaled $257 billion in 2007, with U.S. producers

accounting for $118 billion or 46 percent of output.

Over the past decade, questions have been raised by a number of industry and government-
sponsored entities regarding the state of U.S. IC design and fabrication capabilities, with some
attention being focused on facility shutdowns and the addition of new production capacity
offshore. For example, a February 2005 report issued by the Defense Science Board (DSB) Task
Force on High Performance Microchip Supply, in particular, warned of significant erosion of
U.S. IC technical, human capital, and manufacturing advantages to foreign countries, and of the

negative strategic consequences of such trends continuing in the future. 2

For the U.S. national security community, the central problem associated with this diminishing
capability to design and fabricate IC products is a lessening of trustworthiness in components
used in critical applications.® This concern has several dimensions, including the quality of
component manufacturing, protection of design intellectual property, and assurance that
component function is not compromised by design changes made in unsecured settings. The
DSB report stated that the United States must retain leading edge 1C design and fabrication
capability in order to maintain technological advantage in weapon systems and other national

security products.”

! Semiconductor Industry Assn., April 29, 2008. www.sia-online.org/pre_release.cfm?ID=474

2 See the Defense Science Board Task Force on High Performance Microchip Supply report, December 2005, Office
of the Under Secretary for Acquisition, Technology, and Logistics, U.S. Department of Defense.

® IBID; also see Office of the Secretary of Defense Research, Development, Technology, and Engineering Budget
Item Justification (R2 Exhibit) February 2006, p. 412.

* See the Defense Science Board Task Force on High Performance Microchip Supply report, December 2005, Office
of the Under Secretary for Acquisition, Technology, and Logistics, U.S. Department of Defense, p. 12 and p. 47.




The U.S. Department of Commerce, Bureau of Industry and Security (BIS), Office of
Technology Evaluation (OTE) performed this assessment in cooperation with the U.S.
Department of Defense (DOD), Office of the Deputy Under Secretary of Defense for Industrial
Policy. Extensive input was also provided by IC experts in government, industry, and academia.
Initiated in August 2007, the assessment’s overall goal is to provide decision-makers in both
industry and government with: (1) the status of conventional and radiation-resistant IC
fabrication and design capabilities in the United States; (2) information on domestic and foreign
outsourcing of IC design and fabrication capabilities; (3) detailed information on the financial
health of fabrication and fabless companies, including capital investment and research and
development spending; and (4) the outlook for maintaining domestic design and fabrication

activities in the future.

This report, based almost exclusively on the comprehensive survey data collected from industry,
government, and university facilities, also provides background support by way of facility-
specific information for the defense community’s management and procurement of electronic
components and systems, including the Defense Department’s Trusted Foundry Program for ICs

and printed circuit boards.

SURVEY RESPONDENTS

A total of 155 surveys were received, representing responses from 106 U.S. IC design/fabless
companies and 49 U.S. IC manufacturing/fabrication companies. Survey respondents were
designated as fabrication or fabless companies based upon their capabilities in the United States.
Fabrication companies are those that have 1C manufacturing operations in the United States;
most of these companies also have significant design capabilities. Fabless companies only have
IC design capability in the United States. Although these companies may have fabrication

operations overseas, from an OTE perspective they are considered fabless.

These 155 responses represent more than 379 facilities in the United States. Data collected from
the 49 fabrication firms covers the operations of more than 90 facilities located in 23 states; 45 of
the 49 companies have related design capabilities. In addition, OTE surveyed three government

facilities (two have both design/fabrication capabilities; one design only) and five university



facilities (all have both design/fabrication capabilities).” Data supplied by respondents covered
their operations for 2003-2007 period, and included projections on future fabrication and design
capability through 2011.

The capabilities of IC fabrication companies were analyzed based on their net sales: small-size
companies had net sales of less than $100 million; medium-size companies had net sales of $100
million to $1 billion; and large-size companies had net sales exceeding $1 billion. The
capabilities of IC fabless firms were also analyzed based on their net sales: small-size companies
had net sales of less than $25 million; medium-size companies had net sales of $25 to $350
million; and large-size companies had net sales greater than $350 million.

METHODOLOGY

Working with industry and government experts, OTE created a survey questionnaire to assess
both IC fabrication and design capabilities in the U.S for the period 2003-2006, with projections
to 2011.° The resulting draft OTE survey was field tested for accuracy and usability with a
variety of fabrication and fabless firms, as well as government facilities. Once comments were
received and incorporated into the survey instrument, the document was formally sent to the
Office of Management and Budget (OMB) for review and approval as required under the

Paperwork Reduction Act.

After receiving OMB approval, OTE disseminated the survey to fabrication and fabless
companies, government facilities, and universities. Data collected through the survey was
supplemented with OTE staff site visits to a number of design and manufacturing facilities,
interviews with industry and government experts, participation in 1C-related conferences and

technical sessions, and reviews of previous studies of the U.S. and global IC industry.

> Results on government and university facilities were not included due to the proprietary nature of the limited
number of responses.

®A copy of the Defense Industrial Base Assessment: U.S. Integrated Circuit Design and Fabrication Capability
survey questionnaire is included in Appendix E.



REPORT FINDINGS'

|. CONVENTIONAL IC PRODUCTS — FABRICATION CAPABILITY

Fabrication companies were asked to report on their fabrication capabilities for the 2003 — 2006
period. The 49 companies that reported data operated more than 90 fabrication facilities in the

United States in 2006 that were capable of making conventional 1C products.

Almost all of these companies (45), can manufacture IC products with technology nodes between
10,000 nanometers (nm) and 250 nm. Approximately half of the companies (22) can make ICs
in the United States with technology nodes from 250 nm - 65 nm. A significantly smaller
number of firms, six, can make IC products at dimensions below 65 nm, and just three of them

have commercial-volume capability for 45 nm and 32 nm dimensions.

Most of the 49 fabrication companies manufacture 1C products using three standard silicon
materials: bulk silicon (35 companies), silicon-on-insulator (19 companies), and silicon geranium
(11 companies). Substantially fewer companies can manufacture using seven non-standard
materials, which are required for some high-performance IC products. For example, 15
companies can manufacture ICs using gallium arsenide and 11 companies can manufacture ICs
using gallium nitride materials. Company capability diminishes with more exotic materials such
as antimonides (7), silicon-on-sapphire (4), and silicon carbide (3). Much of the capability to
manufacture ICs using non-standard materials, which are important to the performance of some

national security ICs, resides with small- and medium-size companies.

The bulk of IC manufacturing capacity is concentrated in facilities using 4-inch (21 companies),
6-inch (35 companies), and 8-inch wafers (25 companies). Eight U.S. fabricators, mostly large-
size companies, reported operating 14 facilities capable of manufacturing ICs on 12-inch wafers.
The capability to manufacture ICs on 2-or-3 inch wafers resides with small- and medium-size

companies.

" This section is based on the Report Data and Analysis portion of this document, which explores each of the finding
categories in extensive detail.



U.S. fabrication companies can manufacture a wide array of 1C devices ranging from memory
products and microprocessors to custom application specific integrated circuits (ASICs) to field

programmable gate arrays (FPGAs). Companies of all sizes can manufacture these IC devices.

Il. RADIATION RESISTANT IC PRODUCTS — FABRICATION CAPABILITY

In addition to conventional IC products, fabrication companies were asked to identify their
abilities to manufacture radiation resistant IC products for the 2003 — 2006 period.® Twenty-six
of 49 fabrication companies in the United States reported they can produce one or more types of
radiation resistant IC products: 16 are capable of making single-event effects resistant ICs; 15
can produce radiation tolerant ICs; 12 can produce radiation hardened ICs; and eight companies
can fabricate neutron hardened ICs. A majority of this fabrication capability rests within small-
and medium-size companies, eight and 12 respectively, with only six large-size companies able

to do so.

Nine of the fabrication companies reported having previous experience manufacturing all four
types of radiation resistant ICs, but do not currently perform such work. The majority of these

companies, four, were large-size firms.

Twenty-eight fabrication companies indicated a willingness to manufacture radiation resistant
ICs for the U.S. Government. Of these companies, 15 currently manufacture radiation resistant
IC products. The majority of companies (25) were interested in producing radiation tolerant ICs

for the U.S. Government.

The capability of the 26 fabrication companies that manufacture radiation resistant IC products is
largely concentrated in three ranges of technology nodes: 10,000 nm - 1,000 nm (14 companies),

& Due to evolving refinements in the IC manufacturing process, which cause some commercial I1C products to
become unintentionally radiation hardened, the U.S. Department of State transferred control of exports of IC
products at lower radiation hardened thresholds to the U.S. Department of Commerce on July 17", 2007. For more
information, see 72 Federal Register 136.



1,000 nm - 250 nm (19 companies), and 250 nm - 65 nm (16 companies). Four companies, three
of them large in size, can fabricate radiation resistant ICs at dimensions smaller than 65 nm.

Bulk silicon is the standard semiconductor material most frequently employed by fabricators
producing radiation resistant IC products, with 21 companies reporting capability to manufacture
product using it. Eleven companies can use silicon-on-insulator and five are able to manufacture
with silicon germanium. With the exception of gallium nitride, fewer than six companies are
able to fabricate radiation resistant IC product using non-standard materials; none of these

companies are large-size fabricators.

Most capability to manufacture radiation resistant IC products resides in fabrication facilities
using 4-inch (14 companies), 6-inch (18 companies), and 8-inch (12 companies). Only three
companies reported a capability to manufacture radiation resistant products on 12-inch wafers,
all of them classified as large-size IC manufacturers.

Twenty-one of the 26 companies can fabricate custom ASIC radiation resistant 1C products.
There is less fabrication capability for other kinds of radiation resistant IC devices. Small-,
medium-, and large-size fabrication companies have diverse capabilities across all device types.

111. CONVENTIONAL PRODUCTS — DESIGN CAPABILITY OF FABRICATION COMPANIES

Fabrication companies were also asked to report on their design capabilities for the 2003 - 2006
period. Forty-five of the 49 companies that reported data had in-house capability to design IC
products in 2006, although this capability varied by company and facility.

Thirty-two fabrication companies can design 1Cs with technology nodes in the 10,000 nm - 1,000
nm range, 36 are able to design for the 1,000 nm - 250 nm range, and 32 are able to design for
250 nm - 65 nm range. Nine fabricators are able to design IC products using leading-edge
technology nodes (45 nm and 32 nm). Most of this capability is held by six large-size IC
fabricators.



The design capability of fabricators is focused primarily in products using standard silicon
materials: bulk silicon (37 companies), silicon-on-insulator (26 companies), or silicon geranium
(17 companies). The design capabilities of fabricators decrease for IC products employing non-
standard materials. For example, 13 of 49 companies reported design capability for ICs using

gallium arsenide material, while three are able to design devices using antimonides material.

U.S. fabricators are capable of designing a wide variety of IC products, including custom chips,
memory devices, and processors. More than 70 percent of fabricators surveyed are able to
design mixed signal ICs and custom ASICs. Capability resides in 17 companies to make static
random access memory (SRAM), but only four fabricator design houses can produce dynamic
random access memory (DRAM) devices. Sixteen fabricators can design for nonvolatile

memory ICs.

1V. RADIATION RESISTANT IC PRODUCTS — DESIGN CAPABILITY OF FABRICATION
COMPANIES

In addition to conventional IC products, fabrication companies were asked to identify their
abilities to design radiation resistant IC products for the 2003 — 2006 period. Thirty-one of 49
fabrication companies have experience designing one or more types of radiation resistant IC
products: 18 are capable of designing single-event effects resistant ICs; 14 can design radiation
tolerant ICs; 10 can design radiation hardened ICs, and nine companies can design neutron
hardened ICs. Fifteen of these manufacturers are medium-size, eight are small-size, and eight

are large-size companies.

Across all four types of radiation resistant ICs, a majority of design capability is found in small-
and medium-size companies. Only five large-size companies can design single-event effects
resistant ICs, two can design radiation tolerant ICs, one can design radiation hardened ICs, and
two can design neutron hardened ICs. Design capability is nearly equal between and small- and

medium-size companies for all four types of radiation resistant products.



Twenty-one companies have previous experience designing radiation resistant ICs, but do not
currently perform such work. Eight companies each no longer design single event effects
resistant, radiation tolerant, and neutron hardened ICs, while six companies no longer design

radiation hardened ICs.

Thirty-four companies are willing to design radiation resistant products for the U.S. Government,
including 12 companies that did not indicate that they have previous experience doing so. There
was a relatively even level of interest across companies, regardless of size, in designing radiation

resistant ICs for the U.S. Government.

There are significant differences in the ability of the 31 fabrication companies to design radiation
resistant products across the range of technology nodes. Fifteen companies reported capability to
design IC products with circuit feature sizes ranging from 10,000 nm - 1,000 nm; 22 companies
have capability to design ICs from 1,000 nm - 250 nm; and 24 companies are able to design ICs
at dimensions of 250 nm - 65 nm. Seven companies, mostly large-size firms, can design

radiation resistant ICs with circuit feature dimensions smaller than 65 nm.

Fabrication company design capability for radiation resistant IC products is concentrated in
standard semiconductor materials. Of the 31 companies with this capability, 23 reported they
can design devices based on bulk silicon; 13 can design devices using silicon-on-insulator; and

10 can design for silicon germanium material.

There is limited capability across fabrication companies to design radiation resistant ICs using
non-standard materials. Small- and medium-size companies are the sole providers of design for

radiation resistant ICs using non-standard materials.

Significant capability exists among the 31 fabricators that have experience in designing radiation
resistant ICs to create a wide variety of products. Twenty-three companies reported the
capability to design custom ASIC products. In contrast, nine companies can design standard cell
ASICs and eight can design structured ASICs. Capability to design radiation resistant gate array
ICs varies. Sixteen companies are able to design one-time electronically programmable gate



array (EPGA) products while nine are able to design FPGA products. Fourteen fabricators are
able to design radiation resistant SRAM products, but only one company can design DRAM ICs.

V. CONVENTIONAL PRODUCTS — FABLESS DESIGN CAPABILITY

Fabless companies, those firms that only have design capability in the United States, were asked
to report on their design capabilities for the 2003 - 2006 period. The 106 fabless companies that
reported data showed significant capability to design a wide range of products in 2006. The vast
majority of fabless companies (65) are small-size companies, while 27 are medium-size

companies and 14 are large-size companies.

The capability of the 106 fabless companies surveyed spans all technology nodes. Most of their
design capability, however, is concentrated in two technology ranges: 51 companies can design
product in the 1,000 nm - 250 nm range, and 76 companies have design capability at nodes
between 250 nm - 65 nm. For the technology nodes of 10,000 nm - 1,000 nm, 21 companies
reported capability. Twenty-three fabless companies stated they can work at technology nodes
below 65 nm. Most of this capability (71 percent) is held within large-size fabless companies.

Much of the design capability of fabless companies is concentrated in three standard silicon
materials: bulk silicon (88 companies), silicon-on-insulator (13 companies), or silicon
germanium (19 companies). Only a small number of fabless companies can design product
employing non-standard materials, which are required for some high-performance IC products.
Seven companies can design ICs using gallium arsenide, and 11 can design ICs using gallium
nitride materials. The number of companies with capability diminishes with more exotic

materials such as antimonides (7), silicon-on-sapphire (4), or silicon carbide (1).

U.S. fabless companies possess capability to design a broad selection of IC devices. Of the 106
companies queried, 63 are able to design mixed signal technology devices and 57 can design

custom ASIC products. Twenty-eight companies can create microprocessor designs. Fewer



fabless IC design companies can design memory products. For example, 16 have SRAM
capability, eight can design nonvolatile memory, and seven can design DRAM product designs.

V1. RADIATION RESISTANT IC PRODUCTS — FABLESS DESIGN CAPABILITY

In addition to conventional IC products, design companies were asked to identify their abilities
to design radiation resistant IC products in the 2003 — 2006 period. Only 19 of 106 fabless IC
companies can design radiation resistant products: 14 firms are capable of designing single-event
effects resistant ICs, nine can design radiation tolerant ICs, eight can design radiation hardened

ICs, and six companies can develop neutron hardened ICs.

The capability to design radiation resistant IC products is held by eight small-size, six medium-
size, and five large-size companies. Four small-, six medium-, and four large-size firms can
design single-event effects resistant ICs. One small-, six medium-, and two large-size fabless
companies can design radiation tolerant product, while radiation hardened ICs can be designed
by one small-, five medium-, and one large-size fabless company. Of the six fabless firms
capable of designing neutron-hardened ICs, two are small-, three are medium-, and one is large-

size.

Five companies reported having previous experience designing radiation resistant I1Cs, but do not
currently perform such work. This previous experience is largely concentrated in small-size
companies, though large-size companies did report previous capability across all four types of

radiation resistant devices. Medium-size companies did not indicate any previous capability.

Twenty-three companies, mostly small- and medium-size, indicated they are willing to design
radiation resistant products for the U.S. Government. This includes nine companies that did not

indicate having previous experience.

The capability of the 19 fabless companies that can design radiation resistant IC products spans

all technology nodes. Most of their design capability, however, is concentrated in two



technology ranges: 13 companies reported capability for the technology nodes spanning 1,000
nm - 250 nm, and 17 reported capability product in the 250 nm - 65 nm range. Nine companies
are able to design ICs for technology nodes between 10,000 nm and 1,000 nm, and nine fabless
companies can design products with circuit features below 65 nm. The latter capability resides

in one small-, three medium-, and five large-size fabless companies.

Fabless company capability to design radiation resistant ICs is concentrated in products using
standard semiconductor materials. Sixteen of the 19 companies can design products using bulk
silicon, seven can design ICs using silicon-on-insulator, and three can design 1Cs using silicon
germanium. The ability of fabless companies to design radiation resistant 1Cs using non-
standard materials is very limited. Most of this capability is centered in medium-size fabless

companies.

Significant capability exists among the 19 fabless companies to design radiation resistant ICs.
The majority of fabless design ability for these products rests with medium- and large-size
companies. The greatest IC design ability is for custom ASIC products, with 15 companies able
to undertake this work. In contrast, only six companies design standard cell ASICs and five
design structured ASICs. Capability to design radiation resistant gate array 1Cs varies. Thirteen
companies are able to design one-time Electronically Programmable Gate Arrays (EPGAs) while
nine are able to design Field Programmable Gate Arrays (FPGASs). Eight fabless companies are
able to design radiation resistant SRAM product, but only four companies can design DRAM

products.

VII. UTILIZATION RATES

Average utilization rates of fabrication facilities operating in the United States for years 2003-
2007 showed steady increases overall. Large-size companies saw facility utilization climb from
78 percent in 2004 to 90 percent in 2006 before falling in 2007 to 81 percent. Utilization rates
for medium-size companies rose from 72 percent to 82 percent in 2007. Small-size companies
experienced a rise in utilization rates, but relative to bigger competitors operated at significantly



lower levels ranging from 47 percent in 2004 to 52 percent in 2006, before slipping to 50 percent
in 2007.

Most IC wafer processing capacity in the United States is held by large-size fabricators, which
collectively had a maximum capacity to process 291,262 wafers per week in 2007. Medium-size
companies have a fraction of the processing capacity of large-size fabricators, approximately
54,811 wafer starts per week in 2007. Small-size companies operated at far less processing

capacity — 11,947 wafer starts per week in 2007.

Fabricators project there will be two fewer fabrication facilities (net) operating in the United
States in 2011 than there were in 2006. Medium-size companies expect to close three wafer
processing facilities by 2011, and large-size companies plan to close four facilities. Small-size
companies plan to close two facilities. At the same time fabricators indicated they would build
at least seven new fabrication facilities in the United States; small-size fabricators plan to add at

least four of those seven new facilities.

VI1Il. FABRICATION AND DESIGN OF NATIONAL SECURITY PRODUCTS

Twenty-three of the 49 fabricators surveyed manufactured IC products used for national security-
related applications in 2007.° Eighteen companies reported that this work now occupies 10
percent or less of their capacity. Nineteen companies are willing to dedicate more production
capacity to national security-related work. Fifteen of the 49 companies surveyed are not willing
manufacture ICs for national security applications. Eleven other fabricators reported that they
are willing to start accepting orders to produce ICs for national security applications under the

appropriate financial conditions.

® Access to commercial IC design and fabrication capabilities in the United States is important for the Department of
Defense (DOD) and other federal agencies to maintain and upgrade the capabilities of existing defense systems, as
well as to produce critical parts for future national security applications. See Joint U.S. Defense Science Board/UK
Defense Scientific Advisory Council - Task Force on Defense Critical Technologies, March 2006, p. 67.



Eighteen fabrication companies also perform IC design work for national security-related
products; the activity accounts for more than 50 percent of their design work. Sixteen fabrication
companies indicated they would undertake work designing national security-related products if
given an opportunity. Another 15 companies declared they were not interested in this kind of

work.

Fourteen of the 106 fabless companies currently perform design work for national security-
related IC products. Of these, five allocate more than 50 percent of their capacity for this
purpose. Forty fabless design companies not now engaged in developing IC products for
national security applications indicated they would consider taking on such work.

Nine fabrication companies are accredited as trusted suppliers to the Department of Defense.™
Fifteen additional fabrication and six fabless companies are now seeking or plan to seek U.S.
Government certification as a trusted supplier. Eleven fabrication and 18 fabless companies
have reviewed federal requirements to be trusted suppliers and concluded they would be able to

comply, but have not been certified at this time.

Some companies have not pursued national security-related 1C product fabrication and design
work because they do not have adequate knowledge of the opportunities or do not comprehend
the requirements and associated costs. Others are concerned that working with federal agencies
would be too complicated, or that the order volume and predictability for national security work

is too uncertain.

IX. PERFORMANCE AND OUTSOURCING OF PRODUCTION FUNCTIONS BY FABRICATION
COMPANIES

U.S. IC fabricators retain significant in-house capability to perform seven IC manufacturing
steps (mask making, wafer manufacturing [front-end and back-end], wafer sorting, circuit
testing, packaging, and final testing), although capability to perform the mask making and

packaging steps is much smaller.

19 For a full explanation of the trusted supplier program, see Section V111 of the Report Data.
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Fabrication companies only utilize a small number of U.S.-based vendors for six of the seven
key manufacturing steps. However, more than 71 percent of the fabrication companies, or 35

firms, utilize other U.S.-based vendors for the mask making manufacturing step.

Outside of the United States, fabrication companies tend to outsource to non-U.S., non-affiliated
facilities more often than to non-U.S. facilities they own and operate, although companies still
use a significant number of their own non-U.S. facilities to perform select IC processing steps.
Only five fabrication companies utilize non-U.S. facilities they own and operate for mask
making, while 17 use non-U.S., non-affiliated facilities for this manufacturing step. Since so few
fabrication companies perform mask making in their own facilities, fabrication companies

largely rely on both domestic and non-U.S. outsourced support for this operation.

Fabrication companies, in addition to maintaining domestic capabilities, outsource
manufacturing steps across all technology nodes, with the 1,000 nm — 250 nm and the 250 nm -
65 nm ranges being the most common. Of the six fabrication companies that can manufacture at

less than 65 nm, five outsource manufacturing steps for this technology node range.

The majority of outsourced manufacturing steps (88 percent) are conducted in Asia, with Taiwan
and China being the most prominent locations. Six percent of outsourced manufacturing steps are

conducted in Europe, and three percent are conducted in Canada and Mexico.

Most U.S. fabrication companies expect to maintain capability to perform each of the seven IC
manufacturing steps at their U.S.-based operations through 2011. A slight decrease in the
number of companies capable of in-house production is anticipated for each of the seven
manufacturing steps. The majority of fabricators expect to maintain or increase their level of
capability for each manufacturing step through 2011, with mask making being the only step

where there is no planned increase in capability level.
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The number of companies that anticipate outsourcing manufacturing steps to U.S.-based vendors
IS projected to remain steady through 2011. However, the overall level of manufacturing step

capability they outsource is anticipated to increase.

X. PERFORMANCE AND OUTSOURCING OF DESIGN FUNCTIONS BY FABRICATION
COMPANIES

More than half of U.S. fabricators are capable of performing all seven key IC design functions
(digital, analog, RTL design, synthesis, physical layout, function verification, and test vector
generation) in their domestic facilities. While most fabrication companies do not outsource any
design steps to U.S.-based vendors, 20 fabricators outsource design work to varying degrees to
non-U.S. locations. Most of these companies, however, outsource to non-U.S. facilities they
own and operate. Relatively few fabricators reported outsourcing design functions to non-

affiliated, non-U.S. facilities.

China and India are the prime locations for design work outsourced by fabricators, although
France, Japan, and Taiwan also are significant service providers. As a region, European
countries are more prevalent destinations for the outsourcing of design operations by fabricators,

representing 35 percent of outsourcing operations.

Most U.S. fabricators expect that they will still retain most, if not all of the domestic I1C design
capabilities, from 2006 through 2011. Three companies acknowledged that their abilities will
diminish by 2011 in the digital, analog, and synthesis design functions; 18 fabricators plan to
strengthen in-house design capability through 2011. Fifteen fabricators plan to increase

outsourcing of one or more design functions to United States and non-U.S. locations by 2011.

XIl. PERFORMANCE AND OUTSOURCING OF DESIGN FUNCTIONS BY FABLESS COMPANIES

Eighty-one of 106 fabless companies have capability to perform all seven major design steps

(digital, analog, RTL design, synthesis, physical layout, function verification, and test vector
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generation) in their domestic facilities. Twenty-one fabless companies outsource portions of
their design work to U.S.-based vendors, with analog and test vector generation being the most

frequently cited.

Forty-nine fabless firms report outsourcing one or more design functions to non-U.S. locations,
but mostly to facilities they own and operate. Approximately 20 percent of fabless companies
outsource one or more design steps to non-affiliated, non-U.S. facilities. In addition,
approximately 20 percent of fabless companies outsource design steps to both non-U.S. facilities
they own and operate and to non-affiliated, non-U.S. facilities. Countries most cited by U.S.
fabless companies for performing outsourced IC design work are: India, Taiwan, China, United

Kingdom, Israel, and Canada.

Almost all of the 81 fabless companies reporting capability to perform all seven design steps
expect to retain this ability through 2011. Nearly 50 percent of those fabless design companies
expect to strengthen their design capabilities between now and 2011. Most fabless companies
will retain or expand current capability levels. A significant number of companies also plan to

expand outsourcing of design steps between now and 2011.

XI1l. INDUSTRY FINANCIAL PERFORMANCE

The 49 IC fabrication companies and 106 fabless companies surveyed experienced steady growth
in net sales for the 2003-2006 period. Combined net sales rose from $81.4 billion to $116 billion

over four years, an average annual increase of 19.3 percent.

Fabricators in total accounted for 75 percent of net sales on average for the four-year period. Net
sales climbed from $62 billion in 2003 to $83.5 billion in 2006, an average annual increase of
10.6 percent. Ten large-size companies generated 90 percent of IC fabricator net sales over the
reporting period; five large-size fabricators dominate U.S. IC production, accounting for $65.2

million in net sales in 2006, or 86 percent of all net sales of large-size companies surveyed. Net
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sales of 20 medium-size companies in 2006 represented nine percent of total industry sales,
while net sales of 19 small-size IC fabricators represented one percent.

Net sales for 106 reporting fabless IC companies increased rapidly from 2003-2006, rising from
$19.3 billion to $32.8 billion. As with IC fabricators, 14 large-size fabless companies dominated
their segment of the market, generating 90 percent of net revenues in 2006. Net sales by 27
medium-size companies in 2006 totaled $2.9 billion, just less than nine percent of total fabless
IC company net sales. Sixty-five small-size companies reported collective net sales of $500

million.

For the four-year period, fabricator and fabless 1C design companies had an average combined
current ratio score of 2.77.** This means the industry’s overall assets are more than double its
liabilities, and it could theoretically pay its debts with its existing resources. Their combined
current ratio scores decreased from 2.88 in 2003 to 2.71 in 2006.

Fabrication companies had an average current ratio score of 2.56. Their combined current ratio
scores declined over the 2003-2006 period from 2.75 to 2.38, reflecting sliding performance in
some large-size companies. Small-size fabrication companies experienced an increase in their
current ratios from 2.65 in 2003 to 3.79 in 2006.

Fabless companies had an average current ratio score of 3.37. Their combined current ratio
scores increased from 3.26 in 2003 to 3.51 in 2006. Improvements in current ratio scores is
attributed to gains in financial performance of large- and medium-size fabless companies.
Small-size fabless companies as a group experienced a decline in current ratio scores from 4.73
in 2003 to 2.7 in 2006.

1 A company’s current ratio measures its ability to pay its debts with its existing resources over a twelve-month
period. It is calculated by dividing current assets by current liabilities.
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XIIl. RESEARCH AND DEVELOPMENT AND RELATED EMPLOYMENT

R&D spending by fabrication and fabless companies grew substantially from 2003 to 2006,
rising from $14.8 billion to $19.9 billion — a 34 percent increase. Seventy-one percent of the

$19.9 billion in R&D expenditures reported in 2006 was made by fabricators.

Fabricator R&D spending as a group rose 28 percent from $11.1 billion to $14.1 billion for the
2003-2006 period. Most R&D spending by fabricators is attributable to the top five companies.
Their expenditures of $10.8 billion in 2006 accounted for 76 percent of the $14.1 billion in R&D
funding reported.

Of the $14.1 billion spent on four R&D functions in 2006 by fabricators, $6.6 billion (49
percent) was focused on product development; $3.9 billion was spent by just five large-size
companies. Spending on process development in 2006 accounted for about 28 percent of all
R&D spending.

R&D expenditures by fabless companies increased between 2003 and 2006, rising from $3.8
billion to $5.8 billion. Of the $5.8 billion in R&D investment made by fabless IC design
companies in 2006, $4.5 billion (79 percent) is attributable to the 10 largest fabless design firms.
Medium-size fabless companies allocated $1.4 billion to R&D in 2006. R&D expenditures by

small-size companies totaled $77 million, or one percent of R&D spending.

Of the $5.8 billion spent on four R&D functions in 2006 by fabless companies, $3.1 billion (55
percent) of it was focused on product development. Applied research also commanded

substantial R&D support, claiming 38 percent of all R&D funding in 2006.

Fabrication and fabless companies obtained 95 percent of R&D funding from parent company
and/or internal corporate resources in 2006. External funding from U.S. private entities totaled
2.3 percent of 2006 R&D funding, while funding from foreign sources represented 1.9 percent.
Federal and local government support for IC R&D in 2006 was less than one percent of R&D
spending.
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There was substantial growth in R&D staffs employed by fabrication and fabless companies in
the 2003-2006 period; total employment increased from 83,000 to 95,000 positions. Fabricators
account for the majority of R&D employment, which increased 12 percent from 60,000 to more
than 67,000 positions from 2003 through 2006. R&D employment is concentrated in large-size
fabrication companies, which in 2006 accounted for 57,000 positions.

Fabless companies' R&D staffing levels rose from just over 23,000 to nearly 28,000 positions.
Most R&D employment in fabless firms occurs in large-size companies, which in 2006
employed nearly 22,000 people.

Non-U.S. countries were recipients of $3.1 billion or 16 percent of total R&D expenditures by
U.S. fabrication and fabless companies in 2006. This non-U.S. funding increased at an average
rate of 19 percent for the 2003-2006 period. Fabrication companies were responsible for $2.19
billion in non-U.S. R&D spending in 2006, 66 percent of the total; fabless company R&D
spending outside the United States totaled $880 million. Expenditures for R&D conducted at
non-U.S. locations in 2006 were concentrated in five countries: Israel ($728 million); India
($464 million); Germany ($386 million); France ($270 million); and Malaysia ($190 million).

XI1V. CAPITAL EXPENDITURES

Capital spending by U.S. fabrication and fabless companies rose rapidly from 2003 to 2006,
climbing from $8.3 billion to $14.7 billion. Fabrication companies spending accounted for 89
percent of the total, increasing from $7.5 billion in 2003 to $13 billion in 2006. As a percent of
net sales, capital expenditures by fabricators during this period jumped from 12 percent in 2003
to 16 percent in 2006. Expenditures by large-size fabricators accounted for $12.3 billion of the

$13 billion total capital spending by fabricators in 2006.

Fabless companies devote a small portion of net sales to capital spending. For 2003-2006,
capital spending by fabless companies averaged 5.5 percent. Capital spending increased from
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$817 million to $1.57 billion over the four-year period. Large-size fabless companies fueled the
majority of growth in capital spending, boosting expenditures from $700 million in 2003 to $1.3
billion in 2006.

For 2006, U.S. IC fabricators allocated $3.9 billion to non-U.S. capital investment, an increase of
$1.25 billion from 2003 levels. Non-U.S. locations receiving this capital investment from
fabricators included Ireland ($528 million), Singapore ($493 million), Malaysia ($348 million),
Philippines ($274 million), Japan ($223 million), China ($189 million), and Thailand ($123

million).

U.S. fabless companies increased capital spending in non-U.S. locations from $98 million in
2003 to $417 million in 2006. In 2006, the destinations for non-U.S. capital investment by
fabless companies included Japan ($123 million), Thailand ($96 million), India ($31 million),
China ($26 million), Singapore ($16 million), Korea ($4 million) and Taiwan ($3 million).

RECOMMENDATIONS

The Department of Commerce, Bureau of Industry and Security, in coordination with the Office
of the Under Secretary of Defense for Acquisition, Technology & Logistics, will review and

report every two years on the following:

e Changes in the health, competitiveness, and global operations of the top five large-size
fabrication companies, which could have significant repercussions for the U.S. IC industry
and national security because of these companies’ dominant positions in the industry;

e Future activity in leading-edge IC production to assess any erosion or expansion of domestic
capabilities, as few companies can currently fabricate ICs at the leading-edge technology
nodes below 65 nm;

e The state of domestic mask making capability, because there currently is minimal in-house
production capability and outsourcing to non-U.S. companies is projected to increase;

e The financial performance of the U.S. IC industry in order to assess the impact of the current
global financial situation on the stability of the domestic IC industry, particularly on small-
and medium-size IC fabrication and design companies.

17



REPORT DATA AND ANALYSIS

I. CONVENTIONAL IC PRODUCTS — FABRICATION CAPABILITY

To assess the state of IC fabrication capability in the United States, OTE surveyed 49 fabrication
companies. Responses were requested on a facility basis, and data was provided for more than
90 facilities.® Fabricators were categorized as small-, medium-, and large-size based on average
net sales from 2003 — 2006 (see Figure 1-1).

Figure I-1: Total Number of Fabrication Companies
Manufacturing Conventional IC Products

Size Number of Companies Net Sales

Small 19 Less than $100 million
Medium 20 $100 million - $1 hillion

Large 10 Greater than $1 billion

Total 49 -

Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.

Fabrication companies were asked whether they can manufacture ICs with circuit feature sizes
ranging from 10,000 nanometers (nm) to less than 32 nm, a range encompassing most major
industry technology nodes.* In addition, OTE requested companies to provide detailed
information on the types of IC devices they are capable of producing. Survey participants also
specified the types of semiconductor materials they could employ in manufacturing IC products.
Besides standard silicon formulations (bulk silicon, silicon-on-insulator, and silicon germanium),
fabricators were queried on their ability to manufacture products using gallium arsenide, gallium
nitride, indium phosphate, and other non-standard materials. Finally, manufacturers were asked
to identify capability in terms of the size of semiconductor wafers (e.g. 2-, 4-, 6-, 8-, 12-inch
diameter) their fabrication plants can process. The larger the wafer size, the greater the number

of 1Cs produced from a single wafer processing cycle.*

12 Certain companies were permitted by OTE to consolidate facility responses.

3 Responses indicating an ability to manufacture at a given technology node, semiconductor chemistry, or device
type does not mean the company is actually producing product at this time.

Y IC design patterns are imaged onto silicon wafers coated with light-sensitive films and are etched. Once a wafer
is fully processed, IC die or “chips” are cut from the wafer, which can hold hundreds of copies of an I1C product.
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TECHNOLOGY NODE RANGE

A technology node, sometimes referred to as a “process node” or “process technology,” indicates

the smallest circuit feature size that can be drawn on a chip with a microlithography tool. Most

commonly measured in nanometers (nm), technology nodes are generally accepted
manufacturing benchmarks used by fabricators. Circuit feature dimensions dictate how much
circuitry can be placed in a given area on a microchip. As technology nodes step down, circuit
lines can be placed closer together, allowing for the manufacture of more complex devices and

enabling enhanced performance.

For the purposes of this study, technology nodes were grouped into four ranges: 10,000 nm —
1,000 nm; 1,000 nm — 250 nm; 250 nm — 65 nm; and less than 65 nm (see Figure 1-2).

Figure I-2: IC Technology
Node Groups
Technology Node Number of
(nanometers) Companies
10,000- 6,000 19
6,000-3,000 24
3,000-1,500 28
1,500-1,000 28
1,000-800 18
800-500 24
500-350 24
350-250 21
250-180 16
180-130 17
130-90 15
90-65 10
65-45 6
45-32 4
32 or smaller 2
Source: U.S. Department of Commerce,
Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication
Capability Survey, November 2008.

U.S.-based IC fabrication capability in 2006 was primarily concentrated across two technology
node ranges: 10,000 nm — 1,000 nm and 1,000 nm — 250 nm (see Figure 1-3). Thirty-six

fabricators were identified as operating fabrication facilities in the United States that can
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manufacture IC product in the 10,000 nm — 1,000 nm range. Most of this production capability
is owned by small- and medium-size companies. Six of the 10 large-size companies produce IC

product using this older IC manufacturing technology node.

Figure I-3: U.S.-Based Integrated Circuit Fabrication Capability
by Technology Node Range

50

45

40

35 +

30 +

25 A

20 A

15 A

Number of Companies

10 A1

10,000 - 1,000 nm 1,000 - 250 nm 250 -65nm Less than 65 nm
Technology Node

* 3 of these organizations are not capable of high volume production

Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.

Similarly, survey data shows 37 companies have the capability to manufacture ICs at 1,000-250
nm technology node range. Again, the majority of this manufacturing capability is held by 15 of
the 21 small-size companies and 16 of the 18 medium-size IC fabricators. Six large-size

companies also operate such production facilities.

Far fewer companies operating in the United States, 22 of the 49 fabricators, are able to
manufacture IC products in the 250 nm — 65 nm range. Of those 22, seven companies can

fabricate product at 65 nm.

At the leading edge, the fabrication of commercial ICs at 65 nm began in 2005, and some

fabricators are now making product at 45 nm and 32 nm.* Six IC companies in the United

BIntel Demonstrates Industry's First 32 nm Chip and Next-Generation Nehalem Microprocessor Architecture, Intel
Corp., September 18, 2007. www.intel.com/archive/releases/20-70918corp_a.htm; IBM Alliance Partners ‘Open for
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States, 12 percent of fabrication companies, can manufacture conventional IC products with
circuit line widths below 65 nm. Of these six, three have limited production capability; their

facilities are not designed for sustained, high-volume manufacturing.

Based on company size, small- and medium-size companies have the vast majority of their
capability in two technology node ranges: 10,000 nm — 1,000 nm and 1,000 nm — 250 nm (see
Figure 1-4). As stated previously, these are the most common technology node ranges for the
fabrication of conventional IC products. Large-size companies, however, fabricate more often
on the 250 nm — 65 nm range. Eighty percent of large-size companies manufacture 1C products
in this range, as opposed to only 32 percent and 40 percent of small- and medium-size

companies, respectively.

Figure I-4: Percent of Companies Capable of Fabrication
Per Technology Node Range

Small Medium Large
(19 Companies) (20 Companies) | (10 Companies)
10,000 nm — 1,000 nm 84% 70% 60%
1,000 nm — 250 nm 79% 80% 60%
250 nm — 65 nm 32% 40% 80%
Less than 65 nm 5% 5% 40%

Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.

Business' for 32 nm High-k/Metal Gate Designs, Semiconductor International, April 14, 2008.
www.semiconductor.net/article/CA6551303.html
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These numbers indicate that large-size companies are at the forefront of leading-edge IC
fabrication in the United States. Four of the companies able to manufacture IC products at less
than 65 nm are large-size, whereas only one small- and medium-size company possess this

capability.

SEMICONDUCTOR MATERIALS

Most IC products manufactured are based on one of three standard silicon materials — bulk
silicon, silicon-on-insulator, and silicon germanium. Other types of non-standard silicon and
non-silicon materials are also used in manufacturing ICs and other semiconductor devices.
Materials such as gallium arsenide, gallium nitride, and indium phosphate are increasingly
employed in ICs used in products such as cell phones and network switches to enable higher
operating speed than what may be achieved with conventional silicon-based devices. These
materials also more readily support low-voltage electronic device architectures.

OTE surveyed manufacturers on their capabilities to produce IC products using 10 standard and
non-standard materials. Most fabrication capacity in the United States in 2006 was concentrated
in standard silicon technologies (see Figure 1-5). Specifically, 35 of 49 companies can produce
IC product in bulk silicon. Of these, 10 companies are large-size, 15 are medium-size, and
another 10 are small-size. Nineteen companies reported being able to manufacture ICs using
silicon-on-insulator technology: six large-size, seven medium-size, and six small-size. Eleven IC
fabricators can make product using silicon germanium alloy. Five of these fabricators are large-

size, four are medium-size, and two are small-size.
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Figure I-5: U.S.-Based Fabrication Capability
- By Company Size

Bulk Silicon
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Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.

Beyond standard materials, OTE asked fabricators to identify their capabilities to manufacture 1C
products using non-standard materials: silicon-on-sapphire (SOS), silicon carbide, gallium
arsenide, gallium nitride, indium phosphate, amorphous silicon, and compounds containing

antimonides.

Gallium arsenide 1C products first received significant use in military, aerospace, and
supercomputer applications, but in recent years ICs built with this material have been widely
deployed in cell phones, networking equipment, telecommunications switches, and other devices.
Fifteen of 49 companies reported an ability to manufacture gallium arsenide IC products. One of

these 15 companies is large-size, eight are medium-size, and six are small-size.

IC products fashioned from gallium nitride offer performance advantages superior to those of
gallium arsenide, including faster speed and far better heat tolerance for power amplifiers,
microwave communications, and radar uses. Eleven companies reported capability to

manufacture gallium nitride ICs in the United States. Seven of these are small-size companies

and four are medium-size.
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Antimonides encompass a class of semiconductor alloys including indium antimonide, gallium
antimonide, and aluminum antimonide. Three companies operating in the United States, two
medium-size and one small-size, reported a capability to manufacture products with antimonide

materials.

Indium phosphate is a compound semiconductor material that can achieve faster speeds in ICs
than what is attainable with common silicon transistors. Its advantages for some applications,
however, have been eclipsed by advances in silicon germanium.’® Eight companies stated they
are capable of fabricating IC products employing indium phosphate materials. Of these, five are

small-size and three are medium-size manufacturers.

IC products built using SOS offer performance advantages over standard silicon for high
frequency devices and superior thermal conductivity. The use of this material for ICs, however,
has been limited because of cost and process problems. Just four companies in the United States

report an ability to manufacture SOS product — two are medium-size and two are small-size.

Amorphous silicon has limited application in IC products, but is used in some devices such as
specialized silicon memory devices. Three companies operating in the United States, one
medium-size and the other two small-size, indicated they can fabricate with the material for IC

and sensor products.

The manufacturing base for IC products based on silicon carbide is similar to that of SOS.
Silicon carbide is used in high-voltage ICs, light-emitting diodes, Schottky diodes, high
temperature thyristors, and other products made using semiconductor device manufacturing
processes. There are just three companies that can make devices in the United States using this
material, which has excellent thermal conduction properties. Of these three fabricators, one is

medium-size and two are small-size companies.

'® Slimmer Chips Handle Fast Nets, Kimberly Patch, Technology Research News, June 27, 2001.
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Figure 1-6 below summarizes the percent of fabrication capability per material type for the 49

U.S.-based fabrication companies.

Figure I-6: Fabrication Capability — by Material Type
(As a Percent of 49 Total Fabrication Companies)

Standard Silicon Materials

Bulk Silicon 71 %
Silicon on Insulator 39 %
Silicon Germanium 22 %
Non-Standard Materials
Gallium Arsenide 31%
Gallium Nitride 22 %
Indium Phosphate 16 %
Antimonides 16 %

Silicon Sapphire

8 %

Silicon Carbide

6 %

Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.

Several patterns emerge in summarizing fabrication capabilities by material types (see Figure I-

7). Large-size companies fabricate nearly exclusively on the three most common material types:

bulk silicon, silicon-on-insulator, and silicon germanium. The percent of large-size companies

fabricating with these material types is much greater than for small- and medium-size companies.

Only 53 percent of small-size companies and 75 percent of medium-size companies fabricate IC

bulk silicon, whereas all large-size companies do so.
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Figure I-7: Percent of U.S.-Based Companies
Capable of Fabricating by Material Type

Small Medium Large
(19 Companies) | (20 Companies) | (10 Companies)

Standard Silicon Materials

Bulk Silicon 53% 75% 100%
Silicon-on-Insulator 32% 35% 60%
Silicon Germanium 11% 20% 50%
Non-Standard Materials
Silicon-on-Sapphire 11% 10% 0%
Gallium Nitride 37% 20% 0%
Silicon Carbide 11% 5% 0%
Gallium Arsenide 32% 40% 10%
Indium Phosphate 26% 15% 0%
Antimonides 32% 10% 0%
Amorphous Silicon 11% 5% 0%

Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.

Survey findings highlight that many small- and medium-size companies often fabricate across a
more diverse range of material types compared to larger manufacturers. Frequently, the reason
for this is the opportunity to exploit niche markets and to manufacture product lines where sales
volumes are not sufficiently high to interest larger manufacturers. In fact, the large-size
companies surveyed reported having capability to fabricate 1C products using only the non-

standard material gallium arsenide.

FABRICATION CAPABILITY BY WAFER SIZE

The foundation upon which IC devices are fabricated are circular wafers made of silicon, gallium
arsenide, or other materials. Silicon is the most widely used wafer material. Wafers come in a
range of sizes, including 2-, 3-, 4-, 6-, 8-, and 12-inch diameter. The IC industry has steadily
migrated to larger diameter wafers because they offer significant improvements in economies-of-
scale in manufacturing. The larger the diameter of a wafer, the larger the area there is on which
to pattern IC die and the greater the number of microchips that can be produced in a single

processing cycle.
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The most common wafer size fabrication capability reported is 6-inch wafers, followed by 8-inch
and then 4-inch (See Figure 1-8). Thirty-five of 49 fabrication companies can utilize a 6-inch
wafer, 71 percent of the total. Twelve-inch wafer fabrication capability is limited; only eight
companies are able to manufacture on the largest wafer diameter now in use, 16 percent of total

fabrication companies.

Figure 1-8: U.S.-Based Fabrication Capability
- by Wafer Size

40

35
35
7] 30
L
c 25
g 25
s 21
O 20
0 15
S 15
€
=]
Z 10 — I
5 +— b |
0 T T T T 1
2 or 31Inch 4 Inch 6 Inch 8 Inch 12 Inch
Wafer Size

Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.

There appears to be correlation between company size as measured in net sales and wafer-size
capability of the production facilities they operate. Large-size company production capacity is
concentrated in 8- and 12-inch wafer production, although six companies operate 6-inch
fabrication lines (see Figure 1-9). Similarly, 65 percent of medium-size companies operate 6-
and 8-inch production capacity; the remaining 35 percent being facilities using 2-, 3-, and 4-inch
wafers. For 2-, 3-, and 4-inch wafers, more small-size companies have fabrication capability

than medium- and large-size companies.
The fact that large-size fabricators are virtually the only companies operating 12-inch production

lines can be attributed to the high costs associated with building and operating this kind of
manufacturing facility — and the need for a steady flow of high-volume orders to sustain them
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economically. It makes economic sense for small- and medium-size firms to use smaller wafer

sizes, because they use smaller production runs of ICs to meet their customers’ needs.

Figure I-9: U.S.-Based Fabrication Capability
- by Wafer and Company
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Source: U.S. Department of

Commerce, Office of Technology Evaluation,

U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.

DEVICE FABRICATION CAPABILITIES

The OTE survey requested information on the types of IC components companies are capable of

manufacturing. OTE queried companies on four groups of IC product: application specific

integrated circuits (ASICs), gate arrays, memory, and other IC products (see Figure 1-10).
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Figure 1-10: U.S.-Based Device Manufacturing
- by Company Size
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Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.

ASIC chips are designed to perform specific instructions and tasks and can provide performance
advantages over general purpose microprocessors. Manufacturers were asked whether they

could make any of four types of ASIC products: structured ASICs, standard cell ASICs, custom
ASICs, and microprocessors/coprocessors.*’

Seventeen manufacturers can make structured ASIC products, including four large-size
companies, eight medium-size, and five small-size. For standard cell ASICs, 19 companies said
they csn fabricate such products — four large-size, nine medium-size, and six small-size firms.
Thirty-three companies reported an ability to produce custom ASICs - six large-size, 14
medium-size, and 13 small-size. Nineteen companies stated that they can manufacture

microprocessors and coprocessors — five of them large-size, eight medium-size, and six small-
size.

Gate arrays are 1C devices containing cells with rows of transistors and resistors that are not
connected. The appropriate interconnections are made using software to form a custom-designed

working device. For the purpose of this report, the gate arrays group consists of field

7 For definitions of each type of ASIC product, see Appendix C.
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programmable gate arrays (FPGAS), one-time electronically programmable gate arrays (EPGAS),
and mask programmable gate arrays (MPGAS). Fifteen companies reported a capability to
manufacture MPGAs — two large-size, eight medium-size, and five small-size. Nine
manufacturers were able to produce one-time EPGAs - four large-size, two medium-size, and
three small-size. Slightly fewer companies can manufacture FPGAS: one large-size, four

medium-size, and three small-size fabricators.

Manufacturers provided information on their ability to make three forms of memory ICs:
dynamic random access memory (DRAM), static random access memory (SRAM), and
nonvolatile memory. These are widely used in consumer, industrial, and defense electronic
systems. Six companies reported an ability to fabricate DRAM in the United States — three
large-size companies, one medium-size, and two small-size. Almost three times as many
companies, 16 in total, can make SRAM in the United States: four large-size, seven medium-

size, and six small-size.

Seventeen companies said they possess domestic manufacturing capability to produce
nonvolatile memory products — six large-size, eight medium-size, and four small-size fabricators.
Specifically, manufacturers were queried on 11 different categories of nonvolatile memory
products: electronically erasable read-only memory (EEPROM), erasable read-only memory
(EPROM), flash memory, ferro-electric random access memory (FeERAM), micro electro-
mechanical systems memory (MEMS), magneto-resistive random access memory (MRAM),
polymer memory, one-time programmable memory (XPM), phase change memory, zero
capacitor random access memory (ZRAM), and other memory types (see Figure 1-11).
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Figure I-11: U.S.-Based Capability to Manufacture Nonvolatile
Memory Products
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Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.

Eleven companies are able to manufacture EEPROM s and six can produce EPROMSs. Seven
companies reported an ability to make flash memory. Three companies stated they can fabricate
MEMS memory product and two can make MRAM product. Only one company is able to
produce phase change memory and only one can manufacture FeRAM memory. No company
reported an ability to produce ZRAM, XPM, or polymer non-volatile memory in the United
States.

Fabricators were also asked about their ability to produce digital signal processors,
micromonolithic integrated circuits (MMICs), mixed signal analog-digital 1Cs, and visual display
IC devices (see Figure 1-10). Digital signal processors can be fabricated by 14 manufacturers:

four large-size companies, six medium-size companies, and four small-size companies.

Seventeen companies posted capabilities to manufacture MMICs in the United States — eight
medium-size companies and nine small-size. For mixed-signal analog-digital 1Cs, 32 companies
stated they can produce the devices — nine large-size, 14 medium-size, and nine small-size
companies. In the area of digital display ICs, fabrication capability was reported by two large-

size, five medium-size, and three small-size companies.
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Il. RADIATION RESISTANT IC PRODUCTS — FABRICATION CAPABILITY

To assess the state of radiation resistant IC manufacturing capability in the United States, OTE
surveyed 49 companies on their ability to make radiation tolerant, radiation hardened, neutron
hardened, and single-event-effects resistant IC products.'® Fabrication companies were asked
whether they could manufacture radiation resistant 1Cs with circuit feature sizes ranging from

10,000 nanometers (nm) to 32 nm.*

Survey participants were also asked to specify the types of semiconductor materials they could
employ in manufacturing radiation resistant IC products. These materials were divided into
standard silicon and non-standard groups. The former consists of bulk silicon, silicon-on-
insulator, and silicon germanium materials. The non-standard materials included in the survey
were silicon-on-sapphire, silicon carbide, gallium nitride, gallium arsenide, indium phosphate,
antimonides, and amorphous silicon. Finally, fabrication companies were asked to identify these
capabilities in relation to the size of semiconductor wafers (2-, 4-, 6-, 8-, and 12-inch) used in

fabricating IC products.?

IC fabricators were categorized as small-, medium-, and large-size based on average net
corporate sales from 2003-2006 (see Figure 11-1). Of the 49 fabrication companies surveyed, 26
were capable of manufacturing radiation resistant products in 2006, 53 percent of the total. Eight

of these companies were small-size, 12 were medium-size, and six were large-size.

18 A discussion of conventional fabrication capabilities is in Chapter .

19 Responses indicating an ability to manufacture at a given technology node, semiconductor chemistry, or device
type does not mean the company is actually producing product at this time.

0|C design patterns are imaged onto silicon wafers coated with light-sensitive films (resist) and are etched. Once a
wafer is fully processed, IC die or “chips” are cut from the wafer, which can hold hundreds of copies of an IC
product.
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Figure 11-1: Total Number of Fabrication Companies
Manufacturing Radiation Resistant IC Products

Size Number of Companies Net Sales

Small 8 Less than $100 million
Medium 12 $100 million - $1 billion

Large 6 Greater than $1 billion

Total 26 -

Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.

Fabrication companies were asked to identify the types of radiation resistant products they can
produce (see Figure I1-2 and 11-3). The greatest capability reported was for single-event effects
resistant IC products, which are designed to continue functioning after a single energetic particle
strikes the device. Sixteen out of 26 companies manufacture these products, a third of all

fabrication companies.

Figure 11-2: U.S.-Based Companies With Radiation
Resistant Fabrication Capability in 2006
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Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.
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Radiation tolerant products have a limited capacity to resist radiation damage that would
otherwise disable the IC device.?! Fifteen companies manufacture radiation tolerant products,
58 percent of all fabrication companies with radiation resistant capabilities. Radiation hardened
IC products are designed to withstand even higher doses of radiation than radiation tolerant
products.?* Twelve fabrication companies manufacture these types of IC products, 46 percent of
radiation resistant-capable fabrication companies.

Finally, only eight companies manufacture neutron hardened products. These chips are designed
to withstand the effects of high speed neutrons, gamma rays, and electromagnetic pulses that

accompany a nuclear weapons detonation.

Figure II-3: U.S.-Based Companies With Radiation
Resistant Fabrication Capability - by Company Size
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Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.

21 Radiation tolerant refers to parts that can withstand a total dose failure of greater than 100 kilorad (krad), but less
than 300 krad. A krad equals 1,000 rad. One rad = 0.01 joules/kilogram; 1 krad = 10J/kg.

22 Radiation hardened refers to parts that can withstand a total dose failure of greater than 300 krad. The
International Traffic in Arms (ITAR) regulations have a baseline of 500 krad for radiation hardened products.
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PREVIOUS RADIATION RESISTANT MANUFACTURING EXPERIENCE

There are a number of fabrication companies that have previous experience with, but do not
currently engage in the manufacture of radiation resistant ICs. In total, nine fabrication
companies, 18 percent of the total, previously manufactured radiation resistant ICs but no longer
did so as of 2006. Of these, four companies were large-size, three medium-size, and two small-
size. This previous experience is spread relatively evenly amongst the four radiation resistant

product types (see Figure I1-4 and 11-5).

Figure I1l-4: U.S.-Based Companies With Previous
Fabrication Radiation Resistant Experience

Number of Companies
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Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.
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Figure II-5: U.S.-Based Companies With Previous
Fabrication Radiation Resistant Experience
- by Company Size
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Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.

WILLINGNESS TO MANUFACTURE FOR THE U.S. GOVERNMENT

Fabrication companies were also asked to indicate whether or not they would be willing to
manufacture radiation resistant ICs for the U.S. Government. Twenty-eight fabrication
companies indicated a willingness to do so (see Figure 11-6 and 11-7). Of those responding
favorably, 13 do not currently engage in the manufacture of radiation resistant IC products.
There was a relatively even spread of interest by company size in designing these products for
the U.S. Government.
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Figure 11-6: Interest in Fabricating Radiation Resistant

Products for the U.S. Government
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Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.
Figure II-7: Interest in Fabricating Radiation Resistant
Products for the U.S. Government - By Company Size
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Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.
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TECHNOLOGY NODE RANGE

A technology node, sometimes referred to as a “process node” or “process technology,” indicates
the smallest circuit feature size that can be drawn on a chip with a microlithography tool. Most
commonly measured in nanometers (nm), technology nodes are generally accepted
manufacturing benchmarks used by fabricators. Circuit feature dimensions dictate how much
circuitry can be placed in a given area on a microchip. As technology nodes step down, circuit
lines can be placed closer together, allowing for the manufacture of more complex devices and

enabling enhanced performance.

For the purpose of this study, technology nodes were grouped into four ranges: 10,000 nm —
1,000 nm; 1,000 nm — 250 nm; 250 nm — 65 nm; and less than 65 nm. Fabrication at less than 65

nm is a relatively recent practice in the industry.

Nineteen of the 26 companies capable of fabricating radiation resistant products, 73 percent,
could manufacture in the 1,000 nm — 250 nm range in 2006 (see figure 11-8). There is slightly
less manufacturing capability at the 250 nm — 65 nm and 10,000 nm — 1,000 nm ranges, with 16
and 14 companies capable of utilizing these technology node ranges, respectively.
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Figure I-8: U.S.-Based Integrated Circuit Radiation Resistant
Fabrication Capability - by Technology Node Range
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Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.

Few companies manufacture radiation resistant products at the leading edge. Only four

companies, 8 percent of total fabrication companies, are capable of manufacturing radiation

resistant products at less than 65 nm. Three of these companies are not capable of high volume

production of ICs at less than 65 nm because of limitations in their fabrication facilities.

Based on company size, small- and medium-size companies are able to manufacture radiation
resistant ICs almost exclusively in the 10,000nm — 1,000nm, 1,000nm — 250nm, and 250nm —
65nm technology node ranges (see Figure 11-9). These companies are commonly capable of
manufacturing radiation resistant ICs in the 1,000 nm — 250 nm range, with slightly fewer
companies able to fabricate in the other two ranges. Only one medium-size company can

manufacture radiation resistant products at less than 65 nm.

Large-size companies possess capabilities across all technology node ranges, with the capability

to manufacture in the 250 nm — 65 nm range being the most common. Three of the four

companies that can fabricate radiation resistant ICs at less than 65 nm are large-size.
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Figure 11-9: Percent of Companies Capable of Radiation
Resistant Fabrication Per Technology Node Range

Small Medium Large
(8 Companies) (12 Companies) | (6 Companies)
10,000 nm — 1,000 nm 63% 58% 33%
1,000 nm — 250 nm 88% 75% 50%
250 nm — 65 nm 63% 58% 67%
Less than 65 nm 0% 8% 50%

Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.

SEMICONDUCTOR MATERIALS

Most IC products are based on one of three silicon materials — bulk silicon, silicon-on-insulator,
silicon germanium. Other types of non-standard materials are also used in manufacturing ICs
and other semiconductor devices. Materials such as gallium arsenide, gallium nitride, and
indium phosphate are increasingly employed in ICs used in products such as cell phones,
network switches to enable higher operating speeds than what may be achieved with
conventional silicon-based devices. These materials also more readily support low-voltage

electronic device architectures.

As with conventional products, bulk silicon was the most commonly cited material for radiation
resistant IC products in 2006 (see Figure 11-10). Twenty-one companies, or 81 percent of
radiation resistant-capable fabricators, can utilize bulk silicon. This includes all six large-size
companies. In contrast, 11 fabricators reported being able to manufacture ICs using silicon-on-
insulator (SOI) technology. Only five companies can manufacture radiation resistant ICs using

silicon germanium.

40



Figure 1I-10: Scope of U.S.-Based Radiation
Resistant Fabrication Capability
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Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.

In addition, there is capability in the United States to manufacture radiation resistant IC devices
using non-standard IC materials (see figure 11-11). These materials offer various performance
advantages over standard silicon materials, with some materials offering inherent resistance to

radiation. However, they often require specialized manufacturing processes and present higher

production costs.
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Figure II-11: Fabrication Capability — by Material Type
(As a Percent of 26 Fabrication Companies
Manufacturing Radiation Resistant Products)

Standard Silicon Materials

Bulk Silicon 81%
Silicon on Insulator 42%
Silicon Germanium 19%

Non-Standard Materials

Gallium Nitride 27%
Gallium Arsenide 19%
Indium Phosphate 15%
Silicon Sapphire 15%
Antimonides 12%
Silicon Carbide 8%

Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.

Gallium nitride is the most commonly cited non-standard material type used in radiation resistant
ICs. Seven of the 26 companies, 27 percent of all radiation resistant-capable fabricators, can
manufacture gallium nitride radiation resistant IC products. There are fewer fabricators capable
of utilizing the other non-standard material types (see Figures 11-12 and 11-13). Survey data
showed no large-size companies are able to manufacture radiation resistant products using non-

standard material types.
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Figure 1I-12: Scope of U.S.-Based Radiation Resistant
Fabrication Capability - by Company Size
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Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.
Figure 11-13: Percent of U.S.-Based Companies Capable of
Fabricating Radiation Resistant Products - by Material Type
Small Medium Large
(19 Companies) | (20 Companies) | (10 Companies)
Standard Silicon Materials
Bulk Silicon 32% 45% 60%
Silicon-on-Insulator 21% 20% 30%
Silicon Germanium 5% 10% 20%
Non-Standard Materials
Silicon-on-Sapphire 11% 10% 0%
Gallium Nitride 21% 15% 0%
Silicon Carbide 5% 5% 0%
Gallium Arsenide 11% 15% 0%
Indium Phosphate 11% 10% 0%
Antimonides 11% 5% 0%
Amorphous Silicon 5% 5% 0%

Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.
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FABRICATION CAPABILITY BY WAFER SIZE

Only three companies reported that they can manufacture radiation resistant products on 12-inch
wafers (the largest wafer size), 11.5 percent of the 26 radiation resistant-capable fabrication
companies surveyed. There is broader capability across the 26 fabrication companies that
manufacture radiation resistant products at smaller wafer diameters. Twelve companies can
operate production lines using 8-inch wafers and 18 firms report operating 6-inch wafer
facilities. Fourteen companies can manufacture using 4-inch facilities, and eight companies said

they use plants processing 2- or 3-inch wafers for producing radiation resistant IC products.

Figure 1l-14: U.S.-Based Radiation Resistant
Fabrication Capability - by Wafer Size
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Figure 1I-15: U.S.-Based Radiation Resistant Fabrication
Capability - by Wafer and Company Size
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Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.

DEeVICE FABRICATION CAPABILITIES

The OTE survey requested fabrication companies to identify their capability to manufacture
various radiation resistant devices. OTE queried companies on four groups of IC products:
application specific integrated circuits (ASICs), gate arrays, memory, and other IC products (see
figure 11-16).
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Figure II-16: U.S.-Based Radiation Resistant
Fabrication Capability - by Device Type
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Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.

Manufacturers were asked whether they could make any of four types of ASIC products:
structured ASICs, standard ASICs, custom ASICs, and microprocessors/coprocessors. The
greatest capability is in custom ASICS, which 21 companies reported being able to manufacture.
The second greatest capability is in standard ASICs, with 13 companies reporting capability.
Twelve companies can manufacture radiation resistant structured ASICs, while 11 are able to

manufacture microprocessors/coprocessors.

The gate arrays group consists of field programmable gate arrays (FPGAS), one-time
electronically programmable gate arrays (EPGAS), and mask programmable gate arrays
(MPGASs). MPGAs are the most common, with 16 percent of all fabrication companies able to
manufacture radiation resistant versions of these devices. There are four companies that can

make radiation resistant one-time EPGAs, and seven that can make radiation resistant FPGAs.
With regard to radiation resistant memory ICs, manufacturers provided information on their

ability to make three forms of memory ICs: dynamic random access memory (DRAM), static

random access memory (SRAM), and nonvolatile memory. Two companies reported an ability
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to fabricate DRAM in 2006. Ten companies are able to manufacture radiation resistant SRAM,

while eight companies can manufacture nonvolatile memory.

For the remaining IC products, the number of fabricators capable of producing radiation resistant

products are as follows:

Digital signal processors — 9

Micromonolithic integrated circuits (MMICs) — 11
Mixed signal analog-digital ICs - 18

Anti-tamper technology - 4

Infrared focal plane arrays — 9

There is little correlation between company size and their fabrication of particular radiation
resistant devices. Small-, medium-, and large-size fabrication companies have diverse
capabilities across all the device types. Generally, large-size companies are capable of
manufacturing a wider range of devices, albeit on a narrower band of material types. Small- and
medium-size companies are more likely to specialize in one or two device types on a wider

spectrum of material types (see Figure 11-17).

Figure 1I-17: U.S.-Based Radiation Resistant
Fabrication Capability - by Device Type
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Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.
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11l. CONVENTIONAL PRODUCTS — DESIGN CAPABILITY OF FABRICATION
COMPANIES

In addition to their capability to manufacture integrated circuit (1C) products, most fabrication
companies operating in the United States also have capability to design IC components. To
understand the extent of this design capability relative to fabless firms, OTE asked fabrication
companies to describe their design capabilities. The 49 IC fabrication companies that
participated in the survey were divided by size into three groups based on average net sales for
2003-2006 (see Figure I11-1).

Figure IlI-1: Total Number of Fabrication Companies
Designing Conventional IC Products

Size Number of Companies Net Sales

Small 19 Less than $100 million
Medium 20 $100 million - $1 billion

Large 10 Greater than $1 billion

Total 49 -

Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.

OTE asked fabrication companies to identify their capability to develop ICs with circuit feature
sizes ranging from 10,000 nanometers (nm) to less than 32 nm.?* Companies were also
requested to specify the kinds of IC products they can design, as well as the specific types of
semiconductor materials their designs can employ. This included their ability to employ
standard silicon formulations (bulk silicon, silicon-on-insulator, and silicon germanium), as well
as non-standard materials such as gallium arsenide, gallium nitride, indium phosphate, and other

semiconducting materials.

%% Responses indicating an ability to manufacture at a given technology node, semiconductor chemistry, or device
type does not mean the company is actually producing product at this time corresponding to their responses.
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TECHNOLOGY NODE RANGE

The technical design abilities of the 49 fabrication companies vary considerably, with some able
to develop IC products for a broad range of physical requirements while other firms have
distinctly narrower capabilities. As with manufacturing capability, fabrication companies can
primarily design products for the 1,000 nm — 250 nm technology node ranges (see Figure I11-

2).2* Fewer fabrication companies design products for less than 65 nm, only 10 out of 49.

Figure lll-2: U.S.-Based Fabrication Company Design
Capability - by Technology Node Range
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Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.

When company size is factored into the ability of fabrication companies to design by technology
node, some differences appear. At least 60 percent of small-, medium-, and large-size companies
can design IC products over the 10,000 nm — 1,000 nm and 1,000 nm — 250 nm ranges (see
Figure I11-3). However, there is a substantial drop in the number of small- and medium-size
companies that can design in the 250 — 65nm and less than 65nm ranges. Six large-size
companies design products at less than 65 nm, while only two small- and two medium-size

companies do the same.

% For the purposes of this study, technology nodes were grouped into four ranges: 10,000 nm — 1,000 nm; 1,000 nm
— 250 nm; 250 nm — 65 nm; and less than 65 nm.
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Figure I1I-3: Percent of Fabrication Companies Capable of

Design Per Technology Node Range

Small Medium Large

(19 Companies) (20 Companies) | (10 Companies)
10,000 nm — 1,000 nm 63% 70% 60%
1,000 nm — 250 nm 63% 90% 60%
250 nm — 65 nm 37% 80% 90%
Less than 65 nm 11% 10% 60%

Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.

SEMICONDUCTOR MATERIALS

Fabrication companies were asked to state their ability to design IC products that rely not only on
the standard silicon materials (bulk silicon, silicon-on-insulator, and silicon germanium), but also
on a range of non-standard materials: gallium arsenide, silicon-on-sapphire, gallium nitride,
antimonides, indium phosphate, silicon carbide, and amorphous silicon. In all, fabrication

companies described their capabilities to design IC devices utilizing 10 different material types.

Similar to fabless companies, the majority of fabrication companies, 76 percent, design IC
products with bulk silicon (Figure I11-4). Fabrication companies are more likely to design with
the other standard silicon materials than design-only companies. Fifty-three percent of
fabrication companies design with silicon-on-insulator materials, whereas only 12 percent of
fabless companies do the same. This also holds true for silicon germanium where 35 percent of
fabrication companies reported capability while only 18 percent of design-only companies can

design products using this material.
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With regard to non-standard materials, 13 fabrication companies are able to design IC devices
based on gallium arsenide and 11 can design 1Cs employing gallium nitride. Design capability of

the fabrication companies declines steadily for the other non-standard materials.

Figure lll-4: Scope of U.S.-Based Conventional
Design Capability - Fabrication Companies
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Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.

The design capabilities of IC fabricators vary by size. Large-size fabrication companies, for
example, focus their design efforts on products employing the four most common IC materials:
bulk silicon, silicon-on-insulator, silicon germanium, and gallium arsenide (see Figure 111-5).
The design capabilities of the small- and medium-size companies are more diverse, covering the

three most-commonly utilized materials as well as the full range of non-standard materials.
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Figure ll-5: Scope of U.S.-Based Fabrication Company Design
Capability - by Company Size
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Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.

DevICE DESIGN CAPABILITY

OTE asked fabrication companies to identify the types of IC components they can design in the
United States. Specific information was requested on four product groups: application specific

integrated circuits (ASICs), gate arrays, memory, and other IC products (see Figure 111-6).
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Figure 111-6: U.S.-Based Device Design Capability
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Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.

Survey participants reported capability to design four types of ASIC products: structured ASICs,
standard ASICs, custom ASICs, and microprocessors/coprocessors.> Significant differences in
fabricators’ design abilities can be seen across these product categories. The largest reported
capability is for custom ASICs where 35 fabrication companies (71 percent) possess the
manufacturing capability. Twenty-four companies reported capability for standard ASICs, while

19 firms can design structured ASICs and 19 can design microprocessors/coprocessors.

Fabrication companies also reported capability to design a variety of gate array devices.?® For
the purposes of this report, the gate arrays group consists of field programmable gate arrays
(FPGAS), one-time electronically programmable gate arrays (EPGAS), and mask programmable
gate arrays (MPGASs). Thirteen fabrication companies are capable of designing FPGAs and one-

time EPGASs, 27 percent of the total, while twelve companies, or 24 percent, design can MPGA:s.

% ASIC chips are designed to perform specific instructions and tasks, and can provide performance advantages over
general purpose microprocessors.

% Gate arrays are IC devices containing cells with rows of transistors and resistors that are not connected. The
appropriate interconnections are made using software to form a custom-designed working device.
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With regard to memory, IC fabrication companies indicated their capability to design three forms
of memory: dynamic random access memory (DRAM), static random access memory (SRAM),
and nonvolatile memory.?” SRAM is the most commonly designed memory device, with 17
fabrication companies doing so. Sixteen fabrication companies design nonvolatile memory,
nearly a third of the total companies. Only four out of 49 fabrication companies indicated an
ability to design DRAM products.

IC fabrication companies were asked to further delineate their nonvolatile memory product
capabilities in 11 different categories: electronically erasable read-only memory (EEPROM),
erasable read-only memory (EPROM), flash memory, ferro-electric random access memory
(FeERAM), micro electro-mechanical systems memory (MEMS), magneto-resistive random
access memory (MRAM), polymer memory, one-time programmable memory (XPM), zero

capacitor random access memory (ZRAM), phase change memory, and other memory types (see

Figure I11-7).
Figure IlI-7: U.S.-Based Capability to Design Nonvolatile Memory
Products - Fabrication Companies
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Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.

%" These are widely used in consumer, industrial, and defense electronic systems.
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Of the 11 nonvolatile memory categories, only EEPROM, flash, other, EPROM, and MRAM
memory can be developed by multiple fabrication companies. Only one company can design
MEMS and phase change products, respectively. No fabrication company reported an ability to

design polymer, XPM, ZRAM, or FeERAM nonvolatile memory.
For the remaining device types, there is a variety of design capability present in the fabrication

companies. This ranges from 35 firms that can design mixed signal technologies, to 19 firms

capable of designing digital signal processors, to seven firms that can design display electronics.
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1V. RADIATION RESISTANT IC PRODUCTS — DESIGN CAPABILITY OF
FABRICATION COMPANIES

OTE surveyed 49 integrated circuit (IC) fabrication companies with regard to their ability to
design four types of radiation resistant products: single-event effects resistant, radiation tolerant,
radiation hardened, and neutron hardened. Fabrication firms were asked to state their ability to
design radiation resistant 1Cs with circuit feature sizes ranging from 10,000 nanometers (nm) to

32 nm.?®

Of the 49 fabrication companies surveyed, 31 indicated an ability to design some form of
radiation resistant IC product (Figure 1V-1). Eighty percent of all large-size companies surveyed
can design radiation resistant ICs and 75 percent of all medium-size companies can do the same.
Only 42 percent of all small-size firms reported this capability.

Figure 1V-1: Total Number of Fabrication Companies
Designing Radiation Resistant IC Products

Size Number of Companies Net Sales

Small 8 Less than $100 million
Medium 15 $100 million - $1 billion

Large 8 Greater than $1 billion

Total 31 -

Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.

Eighteen fabricators, 58 percent of companies capable of designing radiation resistant ICs,
indicated that in 2006 they were able to design single-event effect resistant products (see Figure
IV-2 and IV-3). These ICs can continue operating after being disrupted by a single energetic

particle that would cause a conventional device to fail.

%8 Responses indicating an ability to design at a given technology node, semiconductor chemistry, or device type
does not mean the company is actually performing such work at this time.
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Figure IV-2: U.S.-Based Fabrication Companies With
Radiation Resistant Design Capability in 2006

20
18
18 -
_g 16
S 14 1
o
£ 12
[e]
© 10 - g
S
g o
g 61
=}
Z 44
2 _
o _
Single Event Radiation Radiation Neutron
Effects Resistant Tolerant Hardened Hardened
Capability
Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.
Figure IV-3: U.S.-Based Fabrication Companies With
Radiation Resistant Design Capability in 2006
-by Company Size
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Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.

Fourteen fabrication companies, 45 percent of all radiation resistant-capable fabrication firms,

said they can design radiation tolerant products. Radiation tolerant products have a limited

57



capacity to resist radiation that would otherwise disable an I1C device.*® Ten fabrication
companies, 32 percent of radiation resistant-capable fabrication firms, are able to design
radiation hardened IC products, which can withstand higher doses of radiation relative to

radiation tolerant products.

Finally, nine fabrication companies, 29 percent of radiation resistant-capable fabrication firms,
can design neutron-hardened IC products. Neutron-hardened ICs are able to withstand neutron
radiation damage caused by gamma rays and electromagnetic pulses, such as those associated

with a nuclear weapon detonation.

PREVIOUS RADIATION RESISTANT DESIGN EXPERIENCE

Twenty-one companies indicated previous experience in designing with one or more of these
products (Figure IV-4).*° Seventy-six percent of these companies (eight firms) indicated that
they had previously but no longer design for each of the single-event effects resistant, radiation
hardened, or neutron hardened product types. Six companies indicated that they previously
designed radiation tolerant products, 29 percent of fabrication companies with previous

experience.

% Radiation tolerant consists of parts that can withstand a total dose failure of greater than 100 krad, but less than
300 krad.
% previous experience does not indicate a company currently has capability.
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Figure IV-4: U.S.-Based Fabrication Companies With
Previous Radiation Resistant Design Experience
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U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.
Figure IV-5: U.S.-Based Fabrication Companies
With Previous Radiation Resistant Design
Experience - by Company Size
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U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.
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WILLINGNESS TO DESIGN FOR THE U.S. GOVERNMENT

Fabrication companies were also asked whether they would be interested in designing radiation

resistant IC products if called upon by the U.S. Government (see Figure IV-6). Thirty-four

companies responded favorably, including twelve companies that did not indicate having an

existing capability to design radiation resistant IC products. There was a relatively even level of

interest across companies, regardless of size, in designing radiation resistant 1C products for the

U.S. Government.
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Figure IV-6: Interest in Designing Radiation Resistant Products
for the U.S. Government - Fabrication Companies
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Figure IV-7: Interest in Designing Radiation Resistant
Products for the U.S. Government by Company Size -
Fabrication Companies
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Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.

TECHNOLOGY NODE RANGE

Although 31 IC fabricators stated they can design radiation resistant products, not all have equal
capabilities. Beyond differences in company ability to design specific types of radiation resistant
products, there are major differences in the ability to create 1Cs to meet some physical and
performance characteristics. This is illustrated in the number of companies able to design for

certain technology nodes.

Fabrication companies were asked to specify capabilities to design radiation resistant IC products
for 15 technology nodes, ranging from 10,000nm to less than 65mn. For the purposes of this
study, technology nodes were grouped into four ranges: 10,000 nm — 1,000 nm; 1,000 nm - 250
nm; 250 nm — 65 nm; and less than 65 nm. Fifteen fabrication firms reported having design
ability in the 10,000 — 1,000 nm range, 22 companies in the 1,000 - 250 nm range, 24 companies
in the 250 — 65 nm range, and seven companies at technology nodes less than 65 nm (see Figure
IV-8).
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Figure IV-8: U.S.-Based Radiation Resistant Design Capability
by Technology Node Range - Fabrication Companies
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Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.

Design capability for radiation resistant products at different technology nodes is spread evenly
amongst the fabrication companies, although some trends based on company size are apparent
(see Figure 1V-9). Small- and medium-size companies mainly design in the 1,000 nm -250 nm
and 250 nm — 65 nm ranges. Large-size companies are more focused on designing for the 250

nm — 65 nm and less than 65 nm ranges.
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Figure IV-9: Percent of Fabrication Companies Capable of
Radiation Resistant Design Per Technology Node Range

Small Medium Large

(19 Companies) (20 Companies) | (10 Companies)
10,000 nm — 1,000 nm 21% 40% 30%
1,000 nm — 250 nm 32% 65% 30%
250 nm — 65 nm 32% 60% 60%
Less than 65 nm 5% 10% 40%

Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.

SEMICONDUCTOR MATERIALS

Survey participants identified their ability to design radiation resistant IC products employing
specific types of semiconductor materials. For the purposes of analysis, these materials were
divided into two groups: standard silicon materials — bulk silicon, silicon-on-insulator, and
silicon germanium materials; and non-standard materials — silicon-on-sapphire, silicon carbide,

gallium nitride, gallium arsenide, indium phosphate, antimonides, and amorphous silicon.

As with conventional IC products, fabrication companies are most capable of designing radiation
resistant products utilizing bulk silicon. Twenty-three of the 31 fabrication companies declaring
capability to design radiation resistant products (74 percent) said they could design devices based
on bulk silicon (see Figure 1V-10). For the other standard silicon materials, thirteen companies
said they could design radiation resistant ICs manufactured using silicon-on-insulator, and 10

could design for devices using silicon germanium.
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Figure IV-10: Scope of U.S.-Based Radiation Resistant
Design Capability - Fabrication Companies
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Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.

The ability of fabrication companies to design radiation resistant products using non-standard
materials drops significantly when compared to standard materials. Gallium nitride is the most
prevalent with seven companies, four small-size and three medium-size, capable of designing on
this material. On the other hand, silicon carbide is the least prevalent, with only two fabrication
companies, one small-size and one medium-size, indicating capability (see Figure IV-11). No

large-size fabrication companies design for non-standard materials.

64



Figure IV-11: Scope of U.S.-Based Radiation Resistant
Design Capability by Company Size
- Fabrication Companies
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Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.

DeviICE TYPE DESIGN CAPABILITY

Fabrication companies also identified the types of radiation resistant IC devices they are capable
of designing. OTE queried companies on four groups of IC products: application specific
integrated circuits (ASICs), gate arrays, memory, and other IC products (see figure 1V-12).
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Figure IV-12: U.S.-Based Radiation Resistant Device
Design Capability - Fabrication Companies
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Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.

For the purpose of this survey, the ASICs group consists of four device types: custom ASICs,
standard cell ASICs, structured ASICs, and microprocessors/coprocessors. Amongst this group,
custom ASICs is the most commonly designed device, with 23 fabrication companies indicating
a capability to design these devices. Twenty-one fabrication companies can design radiation
resistant microprocessors/ coprocessors, the second most common device design capability.
Companies have less capability to design radiation resistant standard cell ASICs and structured

ASICs, with nine and eight companies designing these devices, respectively.

Gate arrays consist of one-time electronically programmable gate arrays (EPGAS), mask
programmable gate arrays (MPGAS), and field programmable gate arrays (FGPASs). One-time
EPGASs are the most prevalent gate array, with 16 companies that can design these devices. Ten

companies can design MPGAs, while nine companies are capable of designing FPGAs.
Fabrication companies indicated their ability to develop three forms of radiation resistant

memory: dynamic random access memory (DRAM), static random access memory (SRAM), and

nonvolatile memory. SRAM and nonvolatile memory are the memory devices most commonly
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designed, with 14 fabrication companies doing so. Significantly fewer can design radiation

resistant DRAM products, only one of 31 fabrication companies.

Beyond these devices, mixed signal technologies are the most commonly designed radiation
resistant product. Nine companies can design radiation resistant versions of these devices, 29
percent of radiation resistant-capable fabrication companies. Seven companies can design
radiation resistant MMIC technologies or display electronics, 22.5 percent of fabrication
companies with radiation resistant capabilities. Only two fabrication companies can design

digital signal processors, six percent of radiation resistant-capable fabrication companies.
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V. CONVENTIONAL PRODUCTS — FABLESS DESIGN CAPABILITY

OTE surveyed fabless integrated circuit (IC) companies in the United States, companies that
design and develop IC product but do not own and operate fabrication facilities. The 106 fabless
companies that participated in the survey were divided into three groups based on average net
sales for 2003-2006 (see Figure V-1).

Figure V-1: Total Number of Fabless Companies
Designing Conventional IC Products

Size Number of Companies Net Sales

Small 65 Less than $25 million
Medium 27 $25 million - $350 million

Large 14 Greater than $350 million

Total 106 -

Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.

OTE asked fabless companies to indicate their capability to develop ICs with circuit feature sizes
ranging from 10,000 nanometers (nm) to less than 32 nm.** Companies were also requested to
specify the kinds of 1C products they can design, as well as the specific types of semiconductor
materials their designs can employ. This included their ability to employ standard silicon
formulations (bulk silicon, silicon-on-insulator, and silicon germanium), as well as non-standard
materials such as gallium arsenide, gallium nitride, indium phosphate, and other semiconducting

materials.

TECHNOLOGY NODE RANGE

The technical abilities of the 106 fabless companies vary considerably. Some are able to develop
IC products for a broad range of physical requirements, while other firms have distinctly

narrower capabilities. The capability of the majority of surveyed fabless firms is primarily

*! Responses indicating an ability to manufacture at a given technology node, semiconductor chemistry, or device
type does not mean the company is actually producing product at this time corresponding to their responses.
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concentrated across two technology node ranges, 250 — 65 nm and 1,000 — 250 nm, with 76
companies able to design for the former and 51 for the latter (see Table V-2).*

Figure V-2: U.S.-Based Fabless Capability for Conventional IC
Products - by Technology Node
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Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.

Fabless company IC design capability is concentrated in the 250 — 65 nm and 1,000 — 250 nm
ranges, 76 and 51, respectively; the majority of these companies are small-size (see Figures V-3
and V-4). Considerably fewer fabless companies, 21, are able to design I1C product in the 10,000
nm — 1,000 nm technology range. Of this total, 11 are small-size, six are medium-size, and four
are large-size fabless firms. At leading edge technology nodes of less than 65 nm, 23 companies
report being capable of performing design work for conventional IC product. Much of this
design capability rests with 10 large-size fabless firms. Eight small-size and five medium-size

companies also have capability to work in this design range.

% A technology node indicates the smallest circuit feature size that can be drawn on a chip with a microlithography
tool. For the purposes of this study, technology nodes were grouped into four ranges: 10,000 nm — 1,000 nm; 1,000
nm — 250 nm; 250 nm — 65 nm; and less than 65 nm.
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Figure V-3: U.S.-Based Fabless Capability for
Conventional IC Products - by Company Size

50

45
»n 40
(]
c
©
o
£ 30 A1
o
O
© 20
5 20 17
E
11 11
Z 10 8 CI—
5 4
0
Small Medium Large
Size

010,000 nm - 1,000 nm
M 1,000 nm -250 nm

W 250 nm - 65 nm

O Less than 65 nm

Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.

Figure V-4: Percent of Fabless Companies Capable of
Design Per Technology Node Range

Small Medium Large
(65 Companies) (27 Companies) | (14 Companies)
10,000 nm — 1,000 nm 17% 22% 29%
1,000 nm — 250 nm 40% 63% 57%
250 nm — 65 nm 69% 74% 79%
Less than 65 nm 12% 19% 71%

Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.
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SEMICONDUCTOR MATERIALS

Fabless companies were asked to state their ability to develop IC products that rely not only on
standard silicon materials (bulk silicon, silicon-on-insulator, and silicon germanium), but also on
a range of non-standard materials.®® In all, design companies addressed their capabilities to

develop IC devices utilizing one or more of 10 material types.

Survey data shows most of the IC design capacity in the United States is concentrated in standard
silicon technologies (See table V-5). In particular, bulk silicon is the material type most fabless
companies are prepared to design products around. Specifically, 88 of 106 companies currently
design for IC products in bulk silicon. Of these companies, 11 are large-size, 21 medium-size,

and 56 small-size.

Figure V-5: Scope of U.S.-Based Fabless Capability
- by Company Size

Silicon Germanium

Silicon-on-Insulator

Gallium Arsenide

Silicon-on-Sapphire

Eﬂg“t

Gallium Nitride

Antimonides

Material Type

=r'e=r gy

Indium Phosphate |

Silicon Carbide

Amorphous Silicon

10 20 30 40 50 60 70 80 90
Number of Companies
0O Small ® Medium B Large

o

Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.

While 83 percent of fabless companies can develop IC product to be manufactured with bulk

silicon, only 18 percent of the 106 companies (19 firms) can design ICs using silicon

% Silicon-on-sapphire, silicon carbide, gallium arsenide, gallium nitride, indium phosphate, amorphous silicon, and
compounds containing antimonides.
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germanium. Three of the companies are large-size companies, five are medium-size, and 11 are
small-size. Fabless company capability for designing product using silicon-on-insulator is

limited to 13 firms: two large-size, four medium-size, and seven small-size companies.

In the case of non-standard silicon products, fabless companies have minimal to no ability to
develop product using these material types. The count of fabless companies capable of using
non-standard materials breaks out as follows: gallium arsenide, 7; silicon-on-sapphire, 4; gallium
nitride, 2; antimonides, 1; indium phosphate, 1; silicon carbide, 1; organic technologies, 0; and

amorphous silicon, 0.

DEeviICE DESIGN CAPABILITY

OTE also asked fabless companies to identify the types of IC components they are able to
develop in the United States. Specific information was requested on four product groups:
application specific integrated circuits (ASICs), gate arrays, memory, and other IC products (see
Figure V-6).

Figure V-6: U.S.-Based Device Design
by Company Size - Fabless Companies
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Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.
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Survey participants were also asked whether they could design four types of ASIC products:
structured ASICs, standard ASICs, custom ASICs, and microprocessors/coprocessors.®* Fifty-
seven companies reported capability to design custom ASICs, of which eight are large-size
companies, 18 are medium-size and 31 are small-size. For standard cell ASICs, 36 companies
said they were able to design such products: eight large-size, nine medium-size, and 19 small-
size firms. Fifteen companies can design structured ASIC products, including four large-size
companies, five medium-size, and six small-size. Twenty-eight companies stated that they can
design microprocessors and coprocessors — six of them large-size companies, six medium-size,

and 16 small-size

Fabless companies reported capability to design a variety of gate array devices.®* For the
purposes of this report, the gate arrays group consists of field programmable gate arrays
(FPGAYS), one-time electronically programmable gate arrays (EPGAS), and mask programmable
gate arrays (MPGASs). In total, 21 companies can design FPGA product, of which 14 are small-
size, three are medium-size, and four are large-size companies. Twelve companies reported
capability to manufacture MPGAs, of which three are large-size designers, three are medium-
size, and six are small-size. Nine were able to design one-time EPGAs: three large-size

companies, four medium-size, and two small-size.

With regard to memory ICs, fabless firms provided responses on their ability to develop three
forms of memory: dynamic random access memory (DRAM), static random access memory
(SRAM), and nonvolatile memory. These are widely used in consumer, industrial, and defense
electronic systems. Seven fabless firms reported being able to design for DRAM, of which one
is a large-size company, three are medium-size, and three are small-size. In contrast, twice as
many companies (16) can design for SRAM, of which three are large-size firms, five are

medium-size, and three are small-size.

¥ ASIC chips are designed to perform specific instructions and tasks, and can provide performance advantages over
general purpose microprocessors.

% Gate arrays are IC devices containing cells with rows of transistors and resistors that are not connected. The
appropriate interconnections are made using software to form a custom-designed working device.
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Eight companies said they possess design capability for nonvolatile memory products: one large-
size design firm, three medium-size firms, and four small-size firms. Designers were asked to
further report their nonvolatile memory product capabilities in 11 categories: electronically
erasable read-only memory (EEPROM), erasable read-only memory (EPROM), flash memory,
ferro-electric random access memory (FeERAM), micro electro-mechanical systems memory
(MEMS), magneto-resistive random access memory (MRAM), polymer memory, one-time
programmable memory (XPM), zero capacitor random access memory (ZRAM), phase change

memory, and other memory types (see Figure V-7).

Figure V-7: U.S.-Based Capability to Design Nonvolatile
Memory Products - Fabless Companies

Number of Companies
o ol N w N ul [e)] ~ (o]

EEPROM
Flash
Other
EPROM
FeERAM
MRAM
MEMS
Phase
Change ]
Polymer
XPM
ZRAM

Memory Device Type

Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.

Of the 11 nonvolatile memory categories, only EEPROM, flash, and other memory can be
developed by multiple fabless companies. Only one company can design EPROM and FeERAM
products, respectively. No fabless company reported an ability to develop MRAM, MEMS,
phase change, polymer, one-time programmable (XPM), or ZRAM memory products.

Beyond memory, fabless firms were asked about their ability to design digital signal processors,
micromonolithic integrated circuits (MMICs), mixed signal analog-digital ICs, and visual display
IC devices. Digital signal processors can be designed by 28 fabless firms: six are large-size, 10
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are medium-size, and 12 are small-size. Six companies reported capabilities to design MMICs,
including two large-size companies, one medium-size, and three small-size. For mixed-signal
analog-digital ICs, 63 companies stated they can design the devices, of which seven are large-
size companies, 20 are medium-size, and 36 are small-size. In the area of digital display ICs,
design capability was reported by one large-size company, three medium-size, and two small-

size — six fabless companies in total.

75



V1. RADIATION RESISTANT IC PRODUCTS — FABLESS DESIGN CAPABILITY

OTE surveyed 106 fabless companies on their ability to develop radiation resistant products:
single-event effects resistant, radiation tolerant, radiation hardened, and neutron hardened.
Fabless firms were asked to state their ability to design radiation resistant 1Cs with circuit feature
sizes ranging from 10,000 nanometers (nm) to 32 nm.*

Survey participants were also asked to specify their ability to design radiation resistant 1C
products employing specific types of semiconductor materials. For the purposes of analysis,
these materials were divided into standard silicon materials — bulk silicon, silicon-on-insulator,
and silicon germanium materials, and non-standard materials —silicon-on-sapphire, silicon

carbide, gallium nitride, gallium arsenide, indium phosphate, and amorphous silicon.

Fabless IC design companies were categorized as small, medium, and large in size based on
average net corporate sales from 2003-2006 (see Figure VI-1). In 2006, 19 fabless firms, 18
percent of the 106 survey respondents, reported capability to design one or more types of
radiation resistant products. Based on net sales, eight of these companies were categorized as

small, 12 were categorized as medium, and six were categorized as large in size.

Figure VI-1: Total Number of Fabless Companies
Designing Radiation Resistant IC Products

Size Number of Companies Net Sales

Small 8 Less than $25 million
Medium 6 $25 million - $350 million

Large 5 Greater than $350 million

Total 19 -

Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.

% Responses indicating an ability to design at a given technology node, semiconductor chemistry, or device type
does not mean the company is actually performing such work at this time.
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Fabless firms specified the types of radiation resistant products they can produce. Fabless design
capability, in terms of number of companies, is greatest for single-event effects resistant ICs,
which can continue to function after a single energetic particle strikes the device.®” Fourteen of
19 companies reported capability to design these devices, or 74 percent of all fabless firms with

radiation resistant capability (see Figures VI-2 and VI-3).

Figure VI-2: U.S.-Based Fabless Companies With
Radiation Resistant Design Capability in 2006
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Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.

% Single-event effects are caused by a single energetic particle striking an integrated circuit device. Performance of
the device is not compromised to a point where it is inoperable or not reliable for executing a mission as a result of
latch-up, burnout, or gate rupture.
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Figure VI-3: U.S.-Based Fabless Companies With Radiation
Resistant Design Capability in 2006 - by Company Size

7
6 6
n 6
(0]
g 5
c 4 4
o 4
© 3
5 31—
E 2 2 2
2 i —
£ 1 1 1
Z 1+
0
Single Event Radiation Radiation Neutron
Effects Tolerant Hardened Hardened
Resistant

Capability

O Small @ Medium ELarge

Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.

Radiation tolerant products have a limited capacity to resist radiation damage that would
otherwise critically damage an IC device.*® Nine fabless companies responding to the survey,
47 percent of radiation resistant-capable fabless firms, said they can design radiation tolerant

products.

Radiation hardened IC products can withstand higher doses of radiation relative to radiation
tolerant products. Eight fabless companies, or 42 percent of those with radiation resistant

capabilities, can produce such IC product designs.

Neutron-hardened ICs are capable of withstanding neutron radiation damage attributable to
gamma rays and electromagnetic pulses such as those associated with a nuclear weapon

detonation. Six fabless companies stated they can design neutron-hardened ICs.

% Radiation tolerant consists of parts that can withstand a total dose failure of greater than 100 kilorad (krad), but
less than 300 krad. A krad equals 1,000 rad. One rad = 0.01 joules/kilogram; 1 krad = 10J/kg.
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PREVIOUS RADIATION RESISTANT DESIGN EXPERIENCE

Five fabless companies reported having previous experience in the design of radiation resistant
ICs; as of 2006, they were not designing radiation resistant IC devices. This previous
experience is largely concentrated in small-size companies (see Figure VI-4). Large-size
companies, however, reported previous capability across all four types of radiation resistant
devices covered in the survey. Medium-size companies did not indicate any previous capability.

Four fabless firms said they previously have performed design work on single-event effect
devices, and five companies reported the same for radiation tolerant ICs. Five companies
reported prior design work on radiation hardened devices. Only three companies acknowledged

previous design work for neutron hardened ICs.

Figure VI-4: U.S.-Based Fabless Companies With
Previous Radiation Resistant Design Experience

Number of Companies

Single Event Radiation Radiation Neutron
Effects Resistant Tolerant Hardened Hardened

Capability

Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.
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Figure VI-5: U.S.-Based Fabless Companies With
Previous Radiation Resistant Design Experience
- by Company Size
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Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.

WILLINGNESS TO DESIGN FOR THE U.S. GOVERNMENT

Although only 19 of the 106 companies reported current business in designing radiation resistant
IC products, survey data indicates that if needed, more design companies could engage in such
work. Fabless companies were specifically asked if they would be interested in designing
radiation resistant IC products if called upon by the U.S. Government. Twenty-three companies
responded favorably, including nine companies that did not indicate having an existing capability
to design radiation resistant IC products.

IC fabless company interest in carrying out work for U.S. Government customers in the four
product categories is greatest in small- and medium-size companies, where 30 small-size and 27
medium-size companies expressed interest (see Figure VI-6). Large-size fabless firms were least

interested in performing government work, with nine companies responding positively.

Design work on single-event effects resistant and radiation tolerant IC devices were areas of high

interest for 21 and 17 fabless companies, respectively, that expressed a willingness to do work
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for the U.S. Government. Fourteen companies stated interest in design work for the government
for both radiation hardened IC and neutron hardened product.

Figure VI-6: Interest in Designing Radiation Resistant
Products for the U.S. Government - Fabless Companies
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Source: U.S. Department of Commerce, Office of Technology Evaluation,

U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.
Figure VI-7: Interest in Designing Radiation Resistant
Products for the U.S. Government by Company Size

- Fabless Companies
25
8
= 20
©
£
S 15
O
°101+—9—s 8— -
é 6 6 6
5 -
> 2 1 . 2
O T T T T
Single Event Radiation Neutron Radiation
Effects Tolerant Hardened Hardened
Resistant
Capability

O Small @ Medium ELarge

Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.
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TECHNOLOGY NODE RANGE

IC fabless companies were asked to disclose abilities to design radiation resistant products not
only by type of radiation resistant product, but also in terms of physical and material
characteristics. Capability to design radiation resistant IC products across technology nodes,
ranging from 10,000 nm to less than 65 nm, was reported by fabless design firms.

The technology nodes were broken into four ranges. Nine firms reported having design ability in
the 10,000 — 1,000 nm range, 13 in the 1,000 - 250 nm range, 17 in the 250 — 65 nm range, and
nine at technology nodes below 65 nm (see Figure VI-8).

Figure VI-8: U.S.-Based Fabless Companies with Radiation
Resistant Design Capability - by Technology Node Range
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Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.

Capability to design ICs at larger dimensions, in the 10,000 nm - 1,000 nm range is dispersed
across the industry with two small-, four medium-, and three large-size companies (see Figure
VI-9). By number of firms, most fabless firm capability for designing radiation resistant product
is concentrated in the 1,000 nm-250 nm and 250-65 nm ranges. Three medium-size companies
and five large-size companies reported capabilities to design radiation resistant IC products at the
65 nm technology node or smaller; only one small-size company reported such capability.
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Figure VI-9: U.S.-Based Radiation Resistant Design
Capability by Technology Node - Fabless Companies
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Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.

SEMICONDUCTOR MATERIALS

IC design companies also stated their capability to design radiation resistant IC devices using a
variety of different materials. As with conventional products, bulk silicon is a material with
which IC design companies appear most capable (see Figure VI-10). Sixteen of the 19 fabless
companies declared capability to design radiation resistant products in bulk silicon. The number
of small-, medium-, and large-size companies with this ability are nearly equal. Seven
companies said they could design radiation resistant ICs that would be manufactured using

silicon-on-insulator, and three could design for devices using silicon germanium.
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Figure VI-10: Scope of U.S.-Based Radiation Resistant
Design Capability by Company Size - Fabless Companies
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Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.

As noted earlier, materials such as gallium arsenide, gallium nitride, and indium phosphate are
increasingly used in ICs for cell phones, network switches and other products. These materials
deliver higher speeds and more readily support lower voltage electronic device architectures

compared to conventional silicon-based devices.

Very few fabless companies, however, declared an ability to design radiation resistant IC
products built with non-standard materials. Two companies reported capability to design for
silicon-on-sapphire, while three companies stated they were able to design devices using gallium
arsenide. For radiation resistant IC devices using gallium nitride, indium phosphate,
antimonides, silicon carbide, and amorphous silicon materials, only one company reported
capability to design product in each category. All capability to design radiation resistant IC

products using non-standard materials resides in medium-size companies.

DEeviCE DESIGN CAPABILITY

Beyond designing for specific types of materials, fabless companies were also asked to identify

the types of IC devices they can design. OTE queried companies on four groups of IC products:
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application specific integrated circuits (ASICs), gate arrays, memory, and other IC products (see
figure VI-9).

Figure VI-11: U.S.-Based Radiation Resistant Design
Capability by Device Type - Fabless Companies
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Source: U.S. Department of Commerce, Office of Technology Evaluation,
U.S. Integrated Circuit Design and Fabrication Capability Survey, November 2008.

For three types of ASICs — custom, standard cell, and structured — 15 fabless companies can
design one or more product types as radiation resistant. Specifically, 15 companies can design
custom ASICs, 13 companies can design standard cell ASICs, and eight companies can design
structured cell ASICs. Most of this design capability resides in small- and medium-size fabless
firms. Only two large-size fabless companies have design capability for custom, standard cell,
and structured ASICs. With respect to microprocessors/coprocessors, nine firms said they are
able to design radiation resistant devices: four small-, three medium-, and two large-size

companies.

Nine fabless firms reported the ability to design one or more varieties of radiation resistant gate
arrays: field programmable gate arrays (FPGAS), nine companies; mask programmable gate

arrays (MPGAS), six companies; and one-time electrically programmable gate arrays (EPGAS),
five companies. For these gate array devices, medium- and large-size companies account for a

majority of this design capability.
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The design capability of fabless companies narrows for the three types of memory products:
dynamic random access memory (DRAM), static random access memory (SRAM), and
nonvolatile memory. Seven companies, five small-size and two medium-size, said they were
able to design static random access memory (SRAM) product. Three small-size companies and
one medium-size can design nonvolatile radiation resistant memory devices. Only one small-
size company and two medium-size companies reported having the ability to design dynamic

random access (DRAM) memory.

The ability of fabless companies to design for a range of other IC devices is varied. Thirteen
firms said they can design for mixed signal technology products: five small-size, seven medium-
size, and one large-size. Seven companies — three small-, three medium-, and one large-size —
also reported capability to design digital signal processors. Two small- and two medium-size
companies said they can design electronic display IC products. Only two firms, one small-size
and one medium-size, indicated they can design radiation resistant micromonolithic integrated
circuits (MMICs).
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VII. UTILIZATION RATES

To understand manufacturing activity levels and gain insight into the industry’s ability to handle
surges in production orders, fabrication companies were asked to provide their average
manufacturing capacity utilization at each of their U.S.-based fabrication facilities for 2003-
2006.% Each facility was also required to provide their maximum number of wafer starts and
average actual wafer starts per week for 2007 to see how well companies could handle a surge in
production.”® Finally, companies reported plans for continuing operation of each of their

fabrication facilities through 2011.

WAFER STA