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Machine Vision: Vital Technology for

Manufacturing Industries

Melani Schultz'
mschultz@usitc.gov
(202) 205-3436

Machine vision is becoming an increasingly important technology that can
be used to improve product performance and quality, increase productivity,
reduce labor costs, and decrease liability in a wide variety of
manufacturing industries. It is vital in semiconductor manufacturing
equipment; and the latest technological advances in computer chips would
probably not have been possible without machine vision. North America
is both the largest producer and consumer of these products in the world.
This article provides an overview of the technology and the industry
structure, describes the application of machine vision in the semiconductor
manufacturing industry, and examines future prospects for the technology.
A glossary of technical terms appears at the end of the article.

Machine vision is a relatively new technology used in diverse manufacturing industries
including the container, electronic, food, pharmaceutical, printing, semiconductor, wood
products, and fastener industries (box 1).* Although machine vision dates back to the late
1950s when it was created in an academic setting,” companies did not begin to adopt the
technology until the 1980s as increasing emphasis was placed on product quality and
production efficiency, and improvements occurred in machine vision equipment.®* The
machine vision industry took advantage of the technological advances that led to significant
improvements in computer hardware and software to develop faster, more-efficient, and
lower-cost products.” Since the 1980s, sales of machine vision systems have steadily
increased with the current worldwide market approaching $5 billion per year.®

! The views expressed in this article are those of the author. They are not the views of the
International Trade Commission or any of the Commissioners.

2 “Machine Vision Moves Off the Factory Floor,” Lasers & Optronics, July 1998, p. 13.

> Teresko, John, “New Eyes in Manufacturing: Machine vision technology aids
manufacturing,” Industry Week, Apr. 19, 1999, p. 47.

4 Myler, Harley R., Fundamentals of Machine Vision, SPIE, Bellingham, WA, 1999, p. 95.

* “Inspection systems: Planning a PC-Based Machine Vision System,” SMT Trends, May 1,
1998.

® Machine Vision Market: 1998 Results and Forecasts through 2003, Automated Imaging
Association, Ann Arbor, M1, 1999, p. 264.
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Machine Vision Applications and Systems’

Machine vision provides a more efficient and precise substitute for human vision in the
manufacturing process.® It can function to control manufacturing processes by providing
valuable data and feedback that enable continuous monitoring and systematic
improvements. Applications also include directing and controlling robots or other
machines to perform specific tasks, and serving as a quality-control mechanism to identify
damaged products for removal or repair. For example, machine vision is used by--

*  Metal fabrication firms to ensure compliance of parts with specifications
or customer needs;’

* Pharmaceutical companies to measure the content of vials and ampules
and to inspect these containers for damage;'°

7 System indicates both hardware and software. ;

¥ Machine vision is a specialized segment of the larger industry known as electronic imaging.

° Lawrence, John, “High-Volume Surface Inspection with a Human Touch,” Fabricating
Equipment News, Mar. 2000, p. 38.

' Guidoni, George, “Bigger visions in sight: providers of machine vision inspection systems
are eyeing new pharmaceutical markets,” Canadian Packaging, Dec. 1998, pp. S1-3.

2
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»  Egg producers to detect flaws in hen eggs;"

* Automotive manufacturers to guide robots and test whether defrosters
are properly functioning;"

*  Wood products operations for clipping, grading, sorting, gauging surface
roughness, resin-distribution analysis, and wood-failure evaluation;"* and

»  Cosmetics producers for the inspection of eyeliner pencils.'*

Four main components make up a machine vision system: (1) a light-sensitive sensor such
as a camera, (2) support electronics, (3) a light source to illuminate target objects, and (4)
image-processing software. Machine vision consists of three main activities: image
formation/acquisition, image processing, and image analysis/decision-making action.
Machine vision first acquires an image using camera, x-ray, or laser technology, and then
uses software programming to analyze the image and provide a “solution” or “decision” that
can then be processed and executed by the machine."

The two main types of machine vision systems are general purpose and application-specific.
General purpose machine vision systems can be easily adapted to multiple uses but perform
generic machine vision tasks such as gauging/measuring, flaw inspection, location analysis,
and pattern recognition.'® Application-specific machine vision systems address a unique
application common to an industry, such as measurement of semiconductor line widths. In
the past, proprietary hardware differentiated machine vision companies. Today, it is the
software that differentiates machine vision companies because common sensor and lighting
techniques are used throughout the industry."’

Machine vision provides advantages, such as increased quality, precision, and productivity,
to manufacturers that incorporate the technology into their production process. In addition
to significantly reducing the labor component in a cost-effective manner, machine vision can
also address safety concerns by replacing workers in potentially hazardous work situations;
an issue becoming more prevalent in manufacturing industries. In certain industries,
machine vision performs tasks that are not possible with human operators. For example, a

' Jiang, Bernard C., and Jiang, S.J., “Machine vision based inspection of oil seals,” Journal of
Manufacturing, 1998, pp. 159-166.

"> Larson, Melissa, “Auto Industry Sees: Future of vision inspection,” Qualiry, June 1998,
pp- 53-55.

" Blackman, Ted, “Prospering won’t be easy, but industry can compete,” Wood Technology,
Jan./Feb. 1998, pp. 42-49.

' Teresko, John, “New Eyes in Manufacturing. . .,” Industry Week, Apr. 19, 1999, p. 47.

' Both the solution and feedback process distinguish machine vision from certain other
electronic imaging processes that simply acquire an image, such as remote sensing from military
satellites, TV monitoring techniques used in connection with medical diagnostics, and document
scanning techniques such as page readers. Conversely, computer aided design (CAD) and
animation systems are examples of electronic imaging that are used to create images, such as a car
or a building, and animated motion pictures, respectively. Machine Vision Market: 1997 Results
and Forecasts through 2002, p. 11.

' Nello, Zuech, “Robot vision or machine vision,” Robotics World, Fall 1996, p. 68.

' The software application will vary according to the end-user problem that the machine vision
is solving.
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human technician would most likely require one week to inspect a single semiconductor
wafer because of the submicron size of chip components, whereas machine vision-aided
machinery is capable of inspecting 30 to 40 wafers per hour."® In addition, increasingly
stringent clean-room requirements, necessary to prevent contamination, further restrict
semiconductor inspection by humans.

Although existing machine vision technology has limitations (see semiconductor case
example and outlook sections), these tend to be eliminated as advances continue in the
underlying technologies. As with other capital equipment using advanced technologies,
machine vision is relatively expensive. In 1998, for example, the average price of a North
American' system was $39,000,% however, this is 25 percent less than 10 years ago.?!
While prices continue to fall for the enabling technologies,* the total cost of machine vision
systems has not declined commensurately due to the increased complexity of the machine
vision solution and the accompanying engineering requirements needed to integrate the
technology with existing systems. Despite its relatively high per-unit cost, the market for
machine vision is expected to grow at an average annual rate of 11 percent through the year
2003, indicating that price is not the most important factor in determining whether or not
machine vision will be adopted by a particular manufacturer.

Machine Vision Systems Industry

Before the mid 1980s, machine vision systems were proprietary systems, expensive and
virtually inoperable with system components of other machine vision companies because
of inflexible designs and complicated setup programming.** With the development of “plug
and play”™ and other general purpose machine vision systems, the industry has been able
to integrate new technologies and produce lower-cost, PC-based systems that can quickly
be reconfigured and require minimal training.

' USITC staff interviews with representatives of RVSI and Vision Systems International, Jan.
17, 2000.

" North America only includes the United States and Canada for the purpose of this article and
in the data compiled by industry sources. No firms are known to operate in Mexico.

** In comparison, the average price of a North American machine vision system sold to the
semiconductor industry was $57,514 in 1998. The average price of an application-specific system
was $603,400. The Machine Vision Market: 1998, p. 5; and Machine Vision in the Semiconductor
Industry, Automated Vision Systems, Inc., Campbell, CA, 1999, p. 127.

2! Teresko, John, “New Eyes in Manufacturing,” Industry Week, Apr. 19, 1999, p. 47.

** Camera and lighting technologies that improve machine vision capabilities and advance the
technology are being developed. New camera technology, in particular, has led to lower prices
with improved performance. '

= The Machine Vision Market: 1998, p. 4.

* “Inspection systems: Planning a PC-Based Machine Vision System,” SMT Trends, May 1,
1998.

* Plug-and-play systems are general-purpose machine vision systems that require little setup
and maintenance and can be used in many applications. Kren, Lawrence, “A Fresh Look at
Machine Vision: Technology Advances Continue to Drive Down the Cost of Automatic
Inspection and Make Systems More Plug-and-Play,” Machine Design, Mar. 11, 1999, p. 172.
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Through the 1990s, the immense growth in several manufacturing industries, especially the
electronics and semiconductor industries, revealed the process-control limitations™ of
certain advanced manufacturing processes and automation. Companies in these industries
were faced with increasing global competition in the sale of high-quality consumer goods;
improved process control using machine vision helped to maintain their competitiveness
through increased productivity, reduced material waste, and rapid payback on the capital
investment.”’ Other industries that automated labor-intensive, hazardous, or repetitive tasks
with machine vision achieved similar benefits. Many products currently on the market could
not have been produced without machine vision technology, now an essential and integral
part of many manufacturing processes.

Industry Structure

Although the technology was first developed in the United States, machine vision industries
rapidly developed in North America, Japan, and the European Union, where the technical
infrastructure existed to support growth of the technology. These regions combined have
more than 550 machine vision companies.”® North American companies make up almost
half of these operations, including general business segments for multipurpose machine
vision systems and application-specific machine vision (box 2 illustrates a small and a large
U.S. machine vision company).”” The total world market for machine vision systems
reportedly reached almost $4.6 billion in 1998 (table 1) with North America accounting for
the largest regional share (34 percent). In 1998, North American companies shipped an
estimated $1.86 billion of these systems, representing about 40 percent of world shipment
revenues (figure 1).*® Of the North American total, the semiconductor industry accounted
for $888 million, nearly half of the region’s shipments.*!

* With increased automation, safety requirements and production speeds increased, requiring
new technologies to control the production process and maintain product quality without
jeopardizing the safety of production workers.

*7 Rapid capital payback is especially relevant for industries such as electronics and
semiconductors. World Machine Vision System, Component, and Software Markets: Innovative,
Affordable, and Reliable Solutions Lead to Billion-Dollar Industry, Market Intelligence, Mountain
View, CA, 1992, p. I-1.

*8 The Machine Vision Market: 1998, p. 1.

* Multipurpose machine vision can also be adapted for specific applications. Application-
specific machine vision is also known as machine vision for dedicated tasks. Machine vision can
also be customized, typically built around a common technology base. The Machine Vision
Market: 1998, p. 12.

% Machine Vision in the Semiconductor Industry, p. 5.

*' The Machine Vision Market: 1998, pp. 23, 274.

5
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Table 1
Machine vision industry world shipments and market, 1998
(Million dollars)

Region Shipments Market
NorthAmerica ......... ... .. ... . i, 1,860 1,582
JapPaN ... e 1,400 1,366
Europe ....... ... 868 1,119
Rest-of-the-world ............................... 2466 527

Totals . ....... ... e 4,594 4,594

! Estimate based on USITC staff interview with representative of Vision Systems International, Jan. 28, 2000.
2 Estimate derived by subtracting known regional shipments from known world market of $4.6 billion.

Source: Except as noted, data fdr world shipments and market derived from The Machine Vision Market: 1998 Results and
Forecasts through 2003, Automated Imaging Association, Ann Arbor, MI, 1999, pp. 235, 247, 264, 266.

Figure 1

Share of world machine vision shipments and North American shipments by major end-use

industries, 1998

Total world shipments:
$4.6 billion

Total North American shipments:

$1.8 billion

Semiconductors 48%
|

5"""""’;" North America 40%
,‘\ Electronics 13%~
Europe 19% ;’. Container 7%

25

Miscellaneous 7%

Fabricated Metal 2%
Plastic 2%

ROW 10%

Transportion 6%

Printing 3%

10/

3% Pharmaceuticals &
Medical Devices

Wood 3%

Food and Beverage 6%

Sources: USITC staff interview with representative of Vision Systems International , Jan. 28, 2000; and The
Machine Vision Market: 1998 Results and Forecasts through 2003, Automated Imaging Association, Ann Arbor,

MI, 1999, p. 264 and 274.
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The majority of the machine vision companies in North America are independent, privately
held U.S. companies;* only 10 to 12 North American companies and 30 companies
worldwide (about 5 percent) are public.*® The majority of the largest machine vision
companies are U.S.-based (table 2), and at least half of those listed supply the semiconductor
industry.

Top machine vision companies,’' 1998

- Total world  Total world machine
revenues vision revenues Primary end-user
Company (Million dollars)? (Percent)®  industry Home country
KLA Tencor 1,166 75 Semiconductor United States
Orbotech 232 85  Electronics Israel
Cognex 122 100 Semiconductor United States
Applied Materials 4,042 3 Semiconductor United States
RVSI 169 70 Semiconductor United States
Perceptron 50 100 Lumber/automotive United States
ESI 259 15 Computers/ United States
communications
ICOS 35 100 Semiconductor Belgium

! Listed in descending order by estimated machine vision revenue.

2 Based on company annual reports and 10-K reports for 1998.

® Estimates of the percent of total world sales dedicated to machine vision business. USITC staff interview with representative
of Vision Systems International, Jan. 17, 2000.

Sources: Various company reports; USITC staff interview with representative of Vision Systems International, Jan. 17, 2000; and
The Machine Vision Market: 1998 Results and Forecasts through 2003, Automated Imaging Association, Ann Arbor, MI, 1999,

pp. 93,126, 133.

** Canadian companies make up a small percentage of the total number of machine vision
companies in North America. Canadian market consumption comprised more than 9 percent of
the total North American machine vision market in 1998. The Machine Vision Market: 1998,

p- 32.

** Of the 30 companies, less than 10 percent of their business is comprised of sales of machine
vision systems. USITC staff interview with representative of Vision Systems International, Jan.
17, 2000.
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Market Trends

Typically, a machine vision company serves a niche market, with most of the larger
producers focusing on specific end-user industries,™ aiming to expand industrywide
adoption of the technology and create new markets for machine vision. Many companies
are developing more intimate ties with their customers enabling them to share the risk in
developing new machine vision products.”® However, with many companies located
overseas (domestic or foreign producers) or using production sharing (cross-border
manufacturing) to minimize their overall costs and improve competitiveness,*® machine
vision companies will need to expand further into these markets. This is especially true in
the semiconductor industry where outsourcing of both wafer fabrication (using foundries),”’
as well as assembly, packaging, and testing facilities,*® has led to the growth of the industry
in Asia. As the outsourcing trend by semiconductor manufacturers continues, North
American machine vision companies expect to expand globally to take advantage of
international opportunities. In 1998, Taiwan alone had a 55 percent share of the worldwide
semiconductor foundry market, indicative of the movement of semiconductor
manufacturing abroad.*

** “Frost & Sullivan: Opportunities for Machine Vision Systems Manufacturers Lie in Food
and Pharmaceutical End-User,” PR Newswire, Nov. 16, 1998, p. 3379.

% Machine Vision in the Semiconductor Industry, p.22.

% Cross-border manufacturing allows rationalization of production processes at different
global locations based on inherent efficiencies or reduced costs of production inputs. See, for
example, “Production Sharing: Use of U.S. Components and Materials in Foreign Assembly
Operations, 1995-1998,” USITC Publication 3265, Dec. 1999, at the Commission’s web site
www usitc.gov/reports.htm (search by publication number).

%7 Because of the existing high cost of building technologically advanced wafer fabs, many
semiconductor companies (especially smaller firms) are contracting out the fabrication process to
these foundries. This trend has given rise to what is known as the “fabless” semiconductor
company that simply designs the products and contracts out all production and packaging
operations. USITC interviews with representatives of Applied Materials and LAM Research,
Aug.19 and 20, 1999; and Machine Vision in the Semiconductor Industry, p. 9.

* Some semiconductor companies (especially smaller firms) are contracting out the
assembly/test stage to independent packaging and testing houses, the majority of which are Asian
owned. Some companies are also engaging in production-sharing in Asia. For a more detailed
discussion of the major East Asian countries engaged in semiconductor production-sharing
arrangements with the United States see USITC, “Production Sharing: Use of U.S. Components
and Materials in Foreign Assembly Operations, 1994-1997,” USITC Publication 3146, December
1998, pp. 3-14 to 3-18, at the Commission’s web site www.usitc.gov/reports.htm (search by
publication number).

* Because of their smaller size, these Asian facilities, reportedly, will be more open to
relationships with companies that offer a complete “system” in order to maximize equipment
savings and to support expenditures for capital equipment. A semiconductor fab costs
approximately $2 billion, half of which is spent on equipment. For this reason, machine vision
companies may look to strategic alliances and mergers and acquisitions to offer a more complete
line of equipment. USITC staff interviews with representatives of ICOS Vision Systems, Inc.,
and Applied Materials, Aug. 19, 1999; and “Foundries for Fab and Packaging Help Shape
Industry of the Future,” Channel Magazine, Nov.-Dec. 1999, p. 14.

9
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A firm’s reputation is, reportedly, one of the most important factors for machine vision
companies’ competitiveness in this global marketplace. Several companies indicate that
reputation plays a significant role in purchasing decisions, with purchasers often choosing
North American companies having prices as much as 10 percent higher than lesser-known
competitors.** Other factors considered important in the purchasing decision include: ease
of use, speed, accuracy, repeatability, traceability, flexibility, maintenance, and reliability.*'
For example, speed and accuracy have improved 10-fold during 1994-1999.** but
opportunities remain for further improvements. '

The North American industry exported an estimated 49 percent of its shipments in 1998,
reportedly down from over 51 percent in 1997, attributable to the effects of the Asian
financial crisis;* the European industry exported an estimated 37 percent (more than half
shipped to North America); and the Japanese industry exported approximately 8 percent.*
The North American industry reportedly held almost 50 percent of the North American
market, about 35 percent of the European market, and over 31 percent of the Japanese
market in 1998; although these shares decreased somewhat from the previous year (see table
1 for an industry and market comparison).* Although limited comparative information is
available among global competitors, industry sources indicate that the North American
industry is very competitive overall, and particularly in providing sophisticated solutions to
the semiconductor industry; the European industry is smaller than the North American but
relatively competitive and innovative, especially in providing sophisticated solutions to the
electronics industry; and the Japanese industry, also smaller than the North American,
provides less-complex systems to end users and principally focuses on its domestic market.*’

“ USITC staff interviews with representatives of DTS, Amkor Technology, and Multitech
Design & Test, Aug. 23, 1999. .

! Ibid; see glossary for technical terms.

# USITC staff interview with representative of DTS, Aug. 23, 1999.

* Trade figures are based on industry reports sponsored by the Automated Imaging
Association and staff contacts with industry sources. Official trade statistics for machine vision
systems are not available because they are not separately provided for in the Harmonized Tariff
Schedule.

4 The Machine Vision Market: 1998, p-S.

4 USITC staff interview with representative of Vision Systems International, Jan. 17 and 28,
2000.

* The Machine Vision Market: 1998, pp. 235, 247, 266.

47 USITC staff interview with representative of Vision Systems International, January 17,
2000.

10
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Case Example: Semiconductor Manufacturing

The semiconductor manufacturing industry has been the largest consumer (in sales revenue)
of both application-specific and general-purpose machine vision systems since 1996, when
it surpassed the electronics industry.* One semiconductor manufacturing representative
emphasizes that “machine vision has made the semiconductor industry what it is today,”*
by performing many tasks humans cannot do. In 1998, the North American semiconductor
manufacturing industry generated 34 percent of all machine vision sales revenues in the
North American market (figure 3), and comprised about 48 percent of North American
industry shipments (see figure 2).”° Almost 80 percent of the sales revenues were for
application-specific machine vision systems (i.e., industry specific rather than general
purpose) as compared to 74 percent in 1997.

The relatively recent increase in the use of machine vision in the semiconductor industry
parallels the increased need for alignment systems, optical character recognition (OCR), and
2D symbol-ready systems, which are used in all production operations.”’ The principal
applications of machine vision in the semiconductor industry (both front-end and back-
end)™ are: alignment, measurement, flaw detection, optical character verification (OCV),
OCR, and verification.”® Inspection, location analysis, and pattern recognition are the

* All application-specific machine vision is sold directly to the semiconductor industry. In
1998, due to a slowdown in semiconductor manufacturing, the revenue of North American
general-purpose machine vision companies generated by this sector declined to about 20 percent.
This compares with 30 percent in 1997; but it is expected to improve in 1999-2000 as the industry
and Asian markets recover. The Machine Vision Market: 1998, pp. 23-25.

* USITC staff interview with representative of Amkor Technology, Aug. 23, 1999,

**In 1997, these same figures were 36 and 52 percent, respectively. The downturn in the
semiconductor manufacturing industry due to overcapacity, and exacerbated by the Asian
financial crisis, resulted in these declining shares. The Machine Vision Market: 1998, pp. 24-25,
274. :

>! The Machine Vision Market: 1998, p. 24.

>2 Three stages can be distinguished in the semiconductor manufacturing process. The first is
the fabrication side or front-end, in which the wafer is put through various steps to build the
different layers of the semiconductor chip. Once that is completed the chips must go through
steps two and three, packaging and testing, or the back-end processes. Packaging involves cutting
the wafer into die/chips which are then placed into differentiated packages based on end use. The
die are then tested to make sure they function properly.

> Alignment is used to reorient the device in order to properly place specific features.
Machine vision measurements commonly performed in the semiconductor manufacturing process
are line width critical dimension (CD), registration of layers (overlay), wafer flatness, and lead
position, among others. Flaw detection is used in both the front-end and back-end to check for
defects throughout the process. OCV verifies the presence of markings and ensures proper
labeling of wafers and packages. OCR is typically used to trace the wafer through the
manufacturing process by the recognition of images and characters. Verification is used to check
the presence of a specified characteristic. Machine Vision in the Semiconductor Industry, p. 33.
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Figure 2
North American machine vision revenues generated by major end-use industries, 1998

North American market = $1.6 billion

Semiconductors 34%

Electronics 16%

Food and Beverage 8"/(
Miscellaneous 15%

Transportion 7%

Fabricated Metal 2%
Wood 5%

Pharmaceticals & Medical Devices 4%
Plastic 4%

Container 3%
Printing 3%

Note:--Percentages based on rounded figures and do not sum to 100.

Source: The Machine Vision Market: 1998 Results and Forecasts through 2003, Automated Imaging
Association, Ann Arbor, MI, 1999, p. 23.

generic equivalents, with inspection by far the most frequently used application.* Other
factors fueling the expanded use of machine vision in the industry include those general
manufacturing improvements and requirements already mentioned (e.g., improved
performance over previously labor-intensive tasks, higher quality standards for consumer
goods, improved system operation capabilities, and ease of use).>

The machine vision industry and the semiconductor manufacturing industry are closely
linked. Technological advances in the semiconductor industry have required the use of
machine vision during fabrication and packaging that would not have been possible with
human vision (e.g., inspection of lead defects). Progress in machine vision technology, in
such areas as speed, accuracy, throughput, higher definition, and color-based systems, have
enabled semiconductor manufacturing firms to improve their manufacturing processes and

> In 1998, approximately 85 percent of North American machine vision industry revenue came
from inspection applications, 11 percent from location analysis, and 4 percent from pattern
recognition. In terms of units, the distribution is much different with 42 percent sold for
inspection purposes, 45 percent for location analysis, and 13 percent for pattern recognition.
Machine Vision Market: 1998, p. 27. ‘

%3 USITC staff interviews with representatives of DTS, Amkor Technology, and Multitech
Design & Test, Aug. 23, 1999. '
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develop products with improved capabilities.”® Some of the changes in the semlconductor
manufacturing industry that have required the use of machine vision are--

* Reduced size and increasing complexity of semiconductor chips,
*  More demanding quality requirements of the customer,

* Faster processing speeds,

*  More stringent clean-room requirements, and

* Increased packaging options and requirements.

For example, because human inspection is impossible during the front-end stage of
semiconductor fabrication, industry officials point out that machine vision does not replace
employees here.”’ In the back-end stage, machine vision can help packaging and testing
companies improve their output, quality, and speed of processing.*®

Changes in both front- and back-end processing in semiconductor manufacturing will be
important to the machine vision industry. In the front-end, continued reduction in line
widths and increase in wafer sizes will impact the machine vision industry by requiring the
purchase of new production equipment. Line widths, which are critical to semiconductor
manufacturing, are measured using machine vision. When advances in technology made it
possible to produce line widths below 0.5 microns, conventional microscopy was unusable,
creating the opportunity and necessity for machine vision.> This decrease in line widths has
led to the need for adaptive process control and increased inspection. Additionally,
increased cleanliness is required with smaller line widths because the amount of defect or
dirt allowed decreases in proportion to the line width.® The increasing complexity and
number of layers in the semiconductor wafer production process necessitate the
improvement of process reliability and precision (provided by machine vision) due to
increased handling and the potential for lower yield.®!

Although price is not the primary criterion for the purchase of machine vision systems, it
will certainly become an important concern for semiconductor manufacturers in the future,
based on all the upgrades needed to keep up with technology changes. According to
industry representatives, semiconductor equipment becomes obsolete every 2 to 4 years,

% USITC staff interview with representative of IPAC, Aug. 19, 1999.

> USITC staff interview with representative of ICOS Vision Systems, Aug. 19, 1999.

% For example, Integrated Packaging Assembly Corporation (IPAC) has increased its product
yield by 2.5 percent with the use of machine vision. USITC staff interview with representative of
IPAC, Aug. 19, 1999.

% Machine Vision in the Semiconductor Industry, p. 13.

% The contamination, dirt particle or defect, may be no larger than one third the width of the
line. Machine Vision in the Semiconductor Industry, p. 22.

%' As the number of layers increases, the more the wafer must be handled and the greater the
potential for individual components or die to be damaged. This requires that the process be more
precise and reliable. It is estimated that a bare 200 mm wafer costs anywhere from $1,000 to
$2,000 including overhead and direct costs; and a lot of finished 300 mm wafers (currently 25
wafers) can be sold for $1 to 2 million. Depending on type, the retail price of each chip can be
anywhere from $3.00 to $1,000. USITC staff interviews with representatives of Applied
Materials, Aug. 19, 1999; and Machine Vision in the Semiconductor Industry, p. 15.
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making it necessary for manufacturers to purchase new equipment relatively often.®” This
includes machine vision equipment used in semiconductor manufacturing. For example, a
stand-alone system,” most often used after the semiconductor chips are packaged and
tested, costs $400,000 on average, whereas an integrated PC-based system costs $100,000
on average.”* With the movement to open systems and the use of the PC platform, cost has
decreased substantially but is still much higher for the complete system than for its
component parts. Because machine vision is not currently considered cost effective in all
stages of the semiconductor manufacturing process, especially during some of the
packaging stages, industry sources believe opportunities exist for improved applications in
this area.”” The industry is striving to emulate human vision as closely as possible.
Industry representatives point out that “smart” machine vision systems are needed, but that
their goal is also to minimize the use of machine vision to minimize costs.®® In the back-end
in particular, machine vision is not part of the direct process, and therefore, is an additional
cost. If the equipment is not cost effective or does not add to the process in some way, less
incentive exists to maintain machine vision equipment. Process control and data collection
reportedly are two areas in which machine vision can be very beneficial; huge cost savings
are possible, especially in the wafer fabrication process.®’

Because of the high cost of the equipment and the financial limitations of small
semiconductor assembly, packaging, and testing firms, industry sources believe it would be
beneficial for machine vision companies supplying equipment for these back-end processes
to either form a partnership with complementary equipment companies or offer a more
complete product line.*® Such strategic alliances are expected to enable machine vision
companies to achieve economies of scale and offer a fuller line of equipment at a more
competitive price.

62 USITC staff interview with representative of Multitech Design & Test, Inc., Aug.23, 1999.

% A stand-alone system is a machine vision system that is not integrated with any other process
equipment.

# USITC staff interview with representative of DTS, Aug. 23, 1999. Older equipment is
usually kept operational for 5 to 8 years. Interview with representative of IPAC, Aug. 19, 1999,

% USITC staff interview with representative of IPAC, Aug.23, 1999.

% USITC staff interviews with representatives of DTS and Amkor Technology, Aug. 23, 1999.

7 USITC staff interviews with representative of Applied Materials, Aug. 19, 1999.

% USITC staff interviews with representatives of ICOS Vision Systems, Applied Materials,
and Vision Systems International, Aug. 19, 1999, and Jan. 17, 2000.
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Outlook

By the year 2003, the North American machine vision market reportedly is expected to reach
$2.2 billion® with North American industry shipments totaling about $2.6 billion.”
According to industry sources, the current top ten end-use industries’" will likely remain the
principal business for machine vision suppliers, although continued emphasis on
productivity and quality improvements are expected to provide the opportunity to further
penetrate these markets as well as create new niche-market solutions.

Industries with rapid technology change are likely to offer the machine vision industry the
greatest opportunities to develop new and innovative solutions to expand their business. For
example, the potential shift in the semiconductor industry from production of a wafer size
of 200 mm to a larger, 300 mm wafer is expected in 2001-2002.” This shift will necessitate
the purchase of new manufacturing equipment to handle and process the larger wafers. The
use of the larger wafers will require that robots do all the handling, as the increased weight
makes it impractical for humans to handle. These changes will encourage the purchase of
new machine vision systems to be integrated into new processing and handling equipment.
Further, new semiconductor packaging technologies include new techniques, such as chip
scale packaging using flip chips (see glossary) that require new machine vision equipment.”

Other industries may follow the pharmaceutical industry in increasing the use of machine
vision to avoid the potential threat of costly legal action. Possible product contamination,
and its legal consequences, was one of the key driving forces for initial adoption by the
medical devices industry.”* Industry observers believe that opportunities exist for the
application of machine vision in the area of drug development to improve efficiency and
meet stricter production specifications.”” Product labeling is another application in which
machine vision reportedly can provide innovative solutions for use in many industry sectors.
According to market researchers at Frost & Sullivan, the automotive sector will be the next
to expand the use of machine vision, and it is expected to be the largest user by 2004.”

% The Machine Vision Market: 1998, p. 4.

" Ibid, p. 276.

"' The ten industries are: semiconductors, electronics, container, transportation (e.g.,
automotive), plastic, food/beverage, wood, pharmaceuticals/medical devices, fabricated metals,
and printing. In 1998, machine vision suppliers perceived that general-purpose machine vision
products penetration of the textile industry was 10 percent, whereas in the container industry
penetration was nearly 46 percent. The Machine Vision Market: 1998, p. 69.

7 The movement to smaller line widths, which enables the production of more chips on a wafer
and has the same effect as producing a larger wafer, may delay the shift from a 200 mm to a 300
mm wafer size. In 2000, about half the semiconductor wafers produced will be 200 mm size with
the remainder being smaller. By 2003, it is expected that around 5 to 10 percent of the wafers
produced will be 300 mm size. The Machine Vision Market: 1998, pp. 123-124.

7 Flip chips reduce the size and improve the performance of the final product. “Market &
Technological Trends,” SMT Trends, Apr. 1, 1998.

™ Guidoni, George, “Bigger visions in sight,” Canadian Packaging, Dec. 1998, pp. S1-3.

7 Ibid.

7 Teresko, John, “New Eyes in Manufacturing,” Industry Week, Apr. 19, 1999, p. 47.
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According to industry officials, the further development of underlying technologies is likely
to play a crucial role in the machine vision industry. For example, although in the past
lighting limitations reportedly slowed adoption of machine vision,”” promising new advances
have been made in this technology.”® Faster and more precise cameras with better
granularity and pattern recognition have increased the capabilities of machine vision.”
Other advances have led to the development of color-based and 3-D machine vision systems
creating more cost-effective and accurate solutions.** The development of software is a key
factor in the integration of the complete system. Machine vision has provided a competitive
advantage in some industries and has become a necessity for others, and will likely continue
to do so in the future. As the systems become more powerful and easier to implement and
use, the opportunities will continue to grow for the further adoption of machine vision in
manufacturing. ® ‘

77 Issues with lighting, such as timing and illumination, limited the ability of machine vision to
properly “see” the particular item being examined in the process, and, therefore, diminished
repeatability and efficiency of the earlier systems.

8 USITC staff interview with representative of RVSI, Jan. 17, 2000; and “RVSI Announces
New Visionscape I-Pak, a Total Vision Solution for the Pharmaceutical Industry,” Business Wire,
Apr. 16, 1999, p. 1064.

7 Hewlett Packard and IBM are companies that are working on new technologies in this area.
USITC staff interview of Vision Systems International representative, Jan. 17, 2000.

% Color-based systems are most often used in the food industry to sort and grade fruits and
vegetables. The Machine Vision Market, p. 291. 3-D systems are used to re-create the image in
order to locate different depths or regions on an object. Corman, Bruce, “3D Inspection of Sheet
Metal Cutting Tools,” Fabricating Equipment News, Mar. 2000, pp. 42-43. For information on
European companies that sell 3D machine vision see Braggins, Don, “What to Watch for in Euro
Machine Vision, 1998,” Advanced Imaging, Feb. 1998, p. 16.
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Glossary

Machine Vision Terminology’

Alignment system Machine vision system used in the positioning of a component with respect to
some other specified part.

Application-specific  Turnkey system addressing a single specific application used widely
vision system throughout the end-use industry.

Electronic imaging  Photographic system in which a sensor is placed behind a camera lens to convert
an image into an electronic signal that can be stored for a later playback on a
television screen.

Electro-optical Process of combining the major hardware elements of a machine vision
system integration system. :

General-purpose Machine vision products that can be configured or adapted to many different
machine vision generic applications (e.g., flaw inspection, gauging, assembly verification,
find/locate).

High-speed digital Process of rapidly capturing an image with a digital camera.
imaging

Machine vision Study and implementation of systems that allow machines to recognize objects
from acquired image data and perform useful tasks from that recognition. It
employs any number of electro-optical or noncontact techniques to acquire the
image data, process that data, and analyze it to draw conclusions with little or no
operator intervention.

Modular machine Machine vision system with standardized components for flexible use.
vision system

OEM Original equipment manufacturer usually is a firm that makes products
practically from scratch.

' The machine vision terminology definitions were taken from the following sources: Van
Zant, Peter, Microchip Fabrication: A Practical Guide to Semiconductor Processing; “The Many
Faces of Machine Vision System Suppliers,” Control Engineering; Academic Press Dictionary of
Science and Technology; “The Many Faces of Machine Vision System Suppliers,” Control
Engineering; Myler, Harley R., Fundamentals of Machine Vision; “Machine Vision Market:

1998 Results and Forecasts through 2003,” Automated Imaging Association; Newton, Harry,
Newton's Telecom Dictionary; Kren, Lawrence, “A Fresh Look at Machine Vision: Technology
Advances Continue to Drive Down the Cost of Automatic Inspection and Make Systems More
Plug-and-Play,” Machine Design; and USITC staff interviews with industry representatives.
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Glossary—Continued

Machine Vision Terminology-Continued

Real-time image
data analysis

Stand-alone
machine vision

system

Surface inspection
system

3D machine vision

2D symbol-ready
system

Process of analyzing images as rapidly as they are being acquired by the
camera.

Machine vision system not integrated into other production equipment. For
example, stand-alone systems are used in the semiconductor back-end
manufacturing process, especially after the test.

Machine vision system that inspect the surface of an object or part.

System that offers 3-dimensional measurements based on the calculation of

range by using triangulation measurement techniques.

Machine vision system that recognizes specified 2-dimensional symbols.

Semiconductor Industry Terminology’

Assembly

Back-end
semiconductor
processing

Bond pad

Chip

Chip scale
packaging

Portion of the semiconductor manufacturing process that is involved in mounting
semiconductor die into packages. See also back-end semiconductor processing
and packaging.

Portion of the semiconductor manufacturing process that is involved in
mounting semiconductor die into packages. See also assembly and packaging.

Metalized area on a chip, usually square and located at its periphery, used to
electrically connect the chip with the package.

A semiconductor device. A small part of a semiconductor wafer that contains a
single complete circuit or device. Also called die.

A semiconductor package that has an overall external dimension no more than
20 percent larger than the size of the die being packaged. For example, if the die
size is 3 x 2 mm, the package would be considered chip scale packaging if its
external dimensions are not more than 3.6 x 2.4 mm.

* The semiconductor industry terminology definitions were taken from the following sources:
Van Zant, Peter, Microchip Fabrication: A Practical Guide to Semiconductor Processing;
“Machine Vision in the Semiconductor Industry,” Automated Vision Systems; and USITC staff
interviews with industry representatives -
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Glossary—Continued

Semiconductor Industry Terminology-Continued

Die A semiconductor device. A small part of a semiconductor wafer that contains a
single complete circuit or device. Also called chip.

Fab Identifies the facility used in the fabrication of semiconductors (also known as
wafer fabs or semiconductor fab), often referred to as the front-end of the

semiconductor manufacturing process.

Flip chip A chip that has bumps of a connecting metal deposited or plated onto its surface
and then is “flipped” over for soldering to the package.

Front-end Portion of the semiconductor manufacturing process that is involved in taking

semiconductor a raw wafer and creating the devices including the metal and bond pads.
processing
Lead Metal connection that extends from a semiconductor device package to make

contact with the printed circuit board.

Line width critical Width of a feature on a semiconductor device. Usually the smallest width.
dimension (CD)

Mask Glass or quartz substrate with a metal, usually chrome, pattern used to expose
photoresist during lithography. The mask contains patterns (usually repetitive)
for all devices on the wafer. When exposing a wafer through a mask, the wafer
is exposed one device at a time. Compare with reticle.

Optical character Process of reading a character string automatically.
recognition (OCR)

Optical character Machine vision process that verifies a character string as correct and legible.
verification (OCV)

Packaging Portion of the semiconductor manufacturing process that is involved in mounting

semiconductor die into packages. See also assembly and back-end
semiconductor processing.

Repeatability A measure of the result of repeated measurements on the same part.
Reticle Glass or quartz substrate with a metal, usually chrome, pattern used to expose
photoresist during lithography. The reticle contains the pattern for one device on

the wafer. When exposing a wafer through a mask, the wafer is exposed one
device at a time. Compare with mask.
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Glossary—Continued

Semiconductor Industry Terminology—Continued

Semiconductor An element such as silicon or germanium, intermediate in electrical conductivity
between the conductors and the insulators, in which conduction takes place by
means of holes and electrons.

Traceability The ability to keep track of the history of a part or system from its beginning
steps in manufacturing to its use by the end customer.

Wafer A thin, usually round slice of a semiconductor material, from which chips are
made.
Yield A percentage used in the semiconductor industry to indicate the amount of

finished product leaving a process as compared to the amount of product
entering that process.
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Agriculture in the WTO: The Seattle
Ministerial and Beyond

Jonathan Coleman'
jcoleman @usitc.gov

(202) 205-3465

In early December 1999, leaders from the 135-nation World Trade
Organization (WTO) met in Seattle, Washington, for the third WTO
Ministerial Conference.” Key among the objectives was to launch a new
round of negotiations that would further reduce barriers to agricultural
trade and tighten disciplines on trade-distorting domestic farm policies.’

The outcome of the meeting was to have been contained in the Ministerial
Declaration, outlining the areas for negotiation, targets for agricultural
trade disciplines, and the timing for completion. The Conference was
suspended without an agreement on key issues related to agriculture, labor,
the environment, and developing-country concerns. As a result,
agricultural negotiations, mandated by the Uruguay Round Agreement on
Agriculture (URAA) to begin in January 2000, will be based solely on
Article 20 of the URAA, which required continued negotiations aimed at
further reductions in support and protection of the agricultural sector, but -
with no deadline for completion. This review examines the current status
of multilateral trade negotiations for agriculture, identifies major policy
differences among the major participants, describes why compromise in
Seattle could not be reached, and discusses how the negotiations may
proceed over the next few years.

Since the mid-1980s, U.S. agricultural exports have more than doubled, reaching a record
high of almost $60 billion in 1996 (figure 1); and U.S. Department of Agriculture (USDA)
forecasts indicate that exports will increase over the next decade, perhaps reaching $73
billion by 2008.* The contribution of export revenues to overall farm cash receipts (net of
government payments) has also grown considerably, increasing from about 18 percent in
1986 to nearly 30 percent during 1995-96 (figure 2). The importance of export markets was

! The views expressed in this article are those of the author. They are not the views of the
International Trade Commission or any of the Commissioners.

* As required by the WTO’s founding charter, the Ministerial Conference meets at least once
every 2 years. The two previous Ministerials took place in Singapore (December 1996) and
Geneva (May 1998). The Ministerial Conference is the WTO’s highest decision-making body.

? “The 3rd WTO Ministerial Conference. Background. The Seattle Ministerial,” WTO -
Official Ministerial website, found at Internet address http://www.wto.org/wto/seattle/english/
about_e/03bgd_e.htm, retrieved Jan. 7, 2000.

* USDA, World Agricultural Outlook Board, “USDA Agricultural Baseline Projections to
2008,” Staff Report WAOB-99-01, Feb. 1999.
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Figure 1
U.S. agricultural exports, 1986-99'
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Figure 2
Export reliance: Agricultural' and overall* economy, 1986-99
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highlighted recently when the economic crises in Asia (1997) and Russia (1998) negatively
affected U.S. commodity prices and farm incomes.” Further, U.S. agricultural exports are
estimated to support over 815,000 full-time jobs,® and are closely associated with
improvements in farm equity and asset values over time.” Consequently, prosperity in the
U.S. agricultural sector has become increasingly tied to the success of its exports.

More than 96 percent of the world’s population live outside U.S. borders, and the United
States will likely continue to produce considerably more food than it can consume.® Also,
the potential growth in consumption for U.S. agricultural products (driven primarily by
increases in income and population) is considerably greater in overseas markets,
particularly in Latin America and Asia, than in the domestic market.

U.S. agricultural trade is significantly influenced by trade policies. Currently, the United
States is participating in several regional, bilateral, and multilateral trade agreements that
have facilitated trade by opening markets and reducing market distortions. The most
important multilateral trade agreement affecting world agricultural markets is the WTO’s
Uruguay Round Agreement on Agriculture (URAA), which required WTO members to
progressively reduce trade barriers for agricultural products during 1995-2000, and
mandates that new agricultural negotiations begin this year.” A successful outcome of these
negotiations is generally considered by most U.S. parties as important for the continued
growth of agricultural trade and the future prosperity of farmers and ranchers, as well as the
agricultural sectors of other countries.

Perspective: The Uruguay Round Agreement on Agriculture

The URAA, along with other accords in the Uruguay Round Agreements (URA), came into
force in January 1995. The year 2000 marks the final year of the implementation of the
URAA for developed economies.'® Key provisions of the URAA include reductions in
expenditures on export subsidies and in the quantities of exports receiving subsidies,
conversion of nontariff border measures to tariffs (tariffication) coupled with tariff
reductions, increases in minimum import access, and limits on trade-distorting domestic
supports (box 1).

5> USDA, ERS, “Agricultural Trade and the 1997-99 International Financial Crises,”
Agricultural Outlook, Jan.-Feb. 2000.

® USDA, Office of Communications, “Sowing the Seeds for a New Millennium,” Annual
Report of the Secretary of Agriculture, FY 1999, p. 3, found at Internet address
http://www .usda.gov/news/pubs/99arp/annualreport.pdf, retrieved Jan. 18, 2000.

7 Comments of Debra Henke, Director of the Multilateral Trade Negotiation Division, USDA,
FAS, at Cornell Program on Dairy Markets and Policy Workshop, Seattle, Oct. 18, 1999.

® Remarks by August Schumacher, Jr., Under Secretary for Farm and Foreign Agricultural
Service, at Agricultural Outlook Forum, Feb. 22, 1999.

® Mandated by Article 20 of the Agreement on Agriculture. Negotiations on agriculture (as
well as services) are the key elements of the so-called built-in agenda.

' Under the URA, developing countries are required to complete implementation by 2004.
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Also affecting agriculture is the separate Agreement on the Application of Sanitary and
Phytosanitary Measures (SPS Agreement). This Agreement is aimed at preventing countries
from using arbitrary and unjustifiable health and environmental regulations to block trade
in agricultural products by establishing basic rules for trade-restricting measures to protect
food safety and plant and animal health."" Other agreements affecting agricultural trade are
the Agreement on Technical Barriers to Trade (TBT Agreement)" and the Agreement on
Trade-Related Aspects of Intellectual Property Rights (TRIPS Agreement)."?

Several USDA, independent, and private sector assessments have been made of the URAA
which have identified both successes and shortcomings. On the plus side, the URAA was
the first agreement to bring agriculture under the effective discipline of the General
Agreement on Tariffs and Trade (GATT).'* " It also established rules providing more
favorable conditions for trade in agricultural products.'® Tariffication brought increased
transparency to existing nontariff barriers, while the minimum access and export subsidy
provisions provided the basis for a more efficient flow of agricultural commodities
worldwide."” Although separate from the agricultural agreement, improved dispute
settlement procedures are considered by industry sources to be an important achievement
of the Uruguay Round, and several disputes regarding agricultural products have already
been taken to the WTO Dispute Settlement Body. Further, some observers consider that the
most important accomplishment was that the URAA established rules that can be built upon
in future international agreements.'®

Regarding apparent shortcomings, the foregoing assessments could suggest a more
favorable picture than may exist in terms of actual liberalization achieved in world
agricultural markets since 1995. Concerning export subsidies, for example, while the outlay
and quantity reductions may have strengthened world prices, permitted dairy subsidies under

'"'U.S. Uruguay Round Agreements Act, Statement of Administrative Action, pp. 742-763.
Also see USDA, FAS, “A Summary of the Final Act of the Uruguay Round, Agreement on
Sanitary and Phytosanitary Measures,” found at Internet address http://www.fas.usda.gov/itp/
Policy/Gatt/sps_txt.html, retrieved Mar. 24, 2000.

"> For details, see USDA, FAS, “Agreement on Technical Trade Barriers,” found at Internet
address http://www fas.usda.gov/itp/Policy/Gatt/tbt_text.html, retrieved Mar. 24, 2000.

" For details, see USDA, FAS, “Agreement on Trade-Related Aspects of Intellectual Property
Rights,” found at Internet address http://www.fas.usda.gov/itp/Policy/Gatt/
sum_fact.html#nAgreement, retrieved Mar. 24, 2000.

' USDA, ERS, “Agriculture and the WTO: The Road Ahead,” Agricultural Outlook, Dec.
1996.

"* In earlier rounds, agriculture had been granted special exemptions from GATT rules (under
GATT 1947) and had not been subject to the disciplines applied to industrial and manufactured
goods. USDA, ERS, “Uruguay Round Agreement on Agriculture: The Record to Date,”
Agricultural Outlook, Dec. 1998.

' International Policy Council on Agriculture Food and Trade, Agenda Options for
Agricultural Policy Reform in the Seattle Round, IPC Position Paper No. 10, Washington, DC,
1999. .

' Ingco, M.D., “Agricultural Liberalization in the Uruguay Round,” Finance and
Development, World Bank, Washington, DC, Sept. 1995.

'® Martin, W., and L.A. Winters, The Uruguay Round. Widening and Deepening the World

Trade System, World Bank, Washington, DC, Oct. 1995.
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the URAA when fully implemented would represent an estimated 60 percent of world dairy
trade; 40 percent in the case of wheat.'” Market access provisions were probably affected
by several factors. First, many countries allegedly engaged in so-called dirty tariffication
when converting their nontariff barriers into tariffs, that is, setting tariff equivalents to
provide more protection against imports than did the previous system of quantitative
restrictions. Second, the base period (1986-88) in the URAA for gauging market access was
one of high levels of protection (because commodity prices were generally low during 1986-
88), such that tariff reductions from a high base level yield smaller actual cuts than if a more
representative or normal base period had been chosen. Third, while tariffs were required
to be reduced by 36 percent on average, only a 15 percent reduction was required for
individual commodities, thus encouraging most countries to opt for placing the lowest
allowable level of tariff cuts on their most import-sensitive commodities.” Fourth, the
special safeguard provisions reduced the impact of tariff bindings by permitting countries
to impose additional duties under certain market conditions. And finally, according to
industry sources, the minimum market access requirement of 5 percent of domestic
consumption has not presented major opportunities for exporters in world markets.

The URAA also achieved limited progress in reducing domestic support expenditures on
trade-distorting programs, because the parties reportedly could only agree to reduce
aggregate domestic support for agriculture and not for individual commodities. Further, not
only were abnormally higher levels of support typical of the 1986-88 base period
(translating into higher base AMS estimates than if a more representative period had been
chosen), but also certain partly decoupled programs*' were exempt from the agreement to
reduce domestic supports.?

Overall, although the URAA is generally considered by most observers a promising start in
the process of trade liberalization, many observers note that it is no more than a start. For
example, even after full implementation many world agricultural markets will remain
characterized by highly subsidized exports, limited market access, and heavy government
intervention.

' According to the USDA, the EU is the major user of subsidies, and will hold about 83
percent of global subsidies once the URAA is fully implemented, compared with the United
States’ share of only 2 percent. USDA, ERS, “Export subsidies,” ERS’s WTO Briefing Round,
found at Internet address http://www.econ.ag.usda.gov/ briefing/wto/issues/export/htm, retrieved
Sept. 24, 1999.

* For example, Canada’s bound tariff rate for cheese is 289 percent; a commitment to reduce
the tariff 15 percent by 2000 results in a final rate of 246 percent. This effectively closed the door
on over-quota imports.

*! Decoupled programs are those that do not link payments to production levels.

** As aresult, the EU and the United States had fully met their URAA commitments on
domestic supports even before the round came into force. For more information, see USDA,
ERS, “U.S. Ag Policy—Well Below WTO Ceilings on Domestic Support,” Agricultural Outlook,
Oct. 1997.
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The Next Round

Article 20 of the URAA called for a new round of negotiations to be initiated one year
before the end of the implementation period and to be aimed at achieving the long-term
objective of substantial, progressive reductions in agricultural support and protection
(box 2). Thus, the new round is to focus mainly on tightening disciplines on export
subsidies, increasing market access, and further limiting the use of trade-distorting domestic
supports.” However, several countries requested that negotiations based on Article 20 also
include disciplines in other areas, such as controls over state-trade enterprises. Other issues
in the new round may include how to handle new technologies (particularly biotechnology),
as well as the extent to which agricultural disciplines should reflect environmental,
consumer, and social concerns (the so-called multifunctionality of agriculture).*

Negotiating Positions

The negotiating positions among the 135-member countries of the WTO have been
characterized as falling into three major groups—reform, status quo, and developing
countries.”> The United States, Cairns Group countries,?® and several market-oriented

* International Policy Council on Agriculture Food and Trade, Agenda Options for
Agricultural Policy Reform, IPC Position Paper No. 10, Washington, DC, 1999.
 Ibid.
* “Stark differences remain in approach to Seattle meeting,” Feedstuffs, Oct. 15, 1999.
*6 The Cairns Group consists of 18 medium-sized agricultural exporting countries with the
shared goal of liberalizing global commodity markets. Members include Argentina, Australia,
» (continued...)
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countries in Latin America have been identified in the reform group.”” These countries
hoped to see a specific negotiating agenda emerge from the Seattle meeting, with specific
targets for export subsidies, market access, and trade-distorting domestic support
disciplines.*® The countries favoring the status quo were led by the European Union and
Japan, and included other European countries such as Hungary, the Czech Republic,
Switzerland, and Norway. This group reportedly favored a negotiating agenda based on the
general scope of Article 20 without being more specific, and wanted to retain the right to
use export subsidies, minimize further major increases in import access, and preserve the
right to maintain producer subsidies.” The developing countries, which comprise the vast
majority of WTO members, faced the new round with concerns that the URAA had done
little that helped them. This group reportedly favored continued special and differential
treatment in new negotiations, as well as additional concessions under the existing
agreement.*

Agricultural Issues

During the period leading up to the Seattle Ministerial, several proposals were advanced by
certain member countries regarding the framework for negotiations, and various options
were submitted for the agenda. Differences over these proposals among the reform, status
quo, and developing countries emerged, continued into the Ministerial, and reportedly were
among the key reasons why the Seattle meeting ended without an agreement. The key issues
affecting the negotiating positions, as reported by various sources, are summarized below
and highlighted in table 1.

Export support

Several areas of disagreement have centered on how to tighten disciplines on export
supports.®’ The pro-reform countries contend that export subsidies are the most distorting
factor affecting world agricultural trade, and that the elimination of subsidies should be the
number one objective in the coming round.>* However, the status quo countries have put an
equally high priority on continuing the use of subsidies.*> Meanwhile, the developing
countries favor elimination of subsidies provided they are given special and differential
treatment.** Whatever decision is reached on export subsidies will depend on several
questions that currently remain unanswered. If eliminated, over what period, and if reduced,

26 (...continued)

Bolivia, Brazil, Canada, Chile, Colombia, Costa Rica, Fiji, Guatemala, Indonesia, Malaysia, New
Zealand, Paraguay, the Philippines; South Africa, Thailand, and Uruguay.

7 «Stark differences remain,” Feedstuffs, Oct. 15, 1999.

 Ibid.

* “OECD meeting provides pointer to WTO talks,” Agra Europe, Mar. 13, 1998.

30 «Stark differences remain,” Feedstuffs, Oct. 15, 1999.

3! “Playing field on export subsidies needs to be leveled,” Feedstuffs, Oct. 22, 1999.

32 “The WTO and America’s Agricultural Trade Agenda,”statement of Ambassador Peter
Scher, Special Trade Negotiator, before the Senate Committee on Agriculture, Sept. 30, 1999;
Also, communiqué following meeting of Cairns Group farm ministers, Sydney, Apr. 1998.

33 “EU farm ministers agree outline goals for WTO,” Agra Europe, Sept. 17, 1999,

* Proposal by Kenya, July 1999.
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by how much and over what period; and, what special treatment should be given to
developing countries?

Export credits for agricultural products are identified as a form of subsidy by the WTO, but
are not subject to WTO disciplines.*® Exporters that can offer favorable credit terms to
importers through government programs are at a considerable advantage in international
markets.”® Some observers have argued that as export subsidy disciplines become more
restrictive, countries will resort to alternative mechanisms, such as export credits, that are
not restricted.”’ Currently, agricultural export credit disciplines are being considered under
the auspices of the OECD, and a recent U.S. proposal to the OECD would introduce
disciplines on agricultural export credits similar to those on industrial export credits.*® The
EU strongly supports WTO disciplines on all forms of export support, in particular, export
credits.”® The EU already is significantly adversely affected by existing export subsidy
disciplines since it reportedly accounts for more than 80 percent of world agricultural
subsidies allowable under the URAA.*

Another issue concerns food aid.* While few question the need for humanitarian aid in
cases of famine or disaster relief, food aid can act as a form of surplus removal and can
crowd out commercial exports of competitive countries.* Finally, export restrictions* ar a
concern of import-dependent countries such as Japan and several least-developed
countries.* According to these countries, such restrictions contribute to unstable and
unpredictable markets, providing justification for trade barriers and domestic support to

* The subsidy component of export credits could be subject to disciplines. For discussion of
methods to calculate the subsidy component of export credits, see Hyberg, B., D. Skully, and C.
Davison, “Export credit guarantees: The Commodity Credit Corporation and U.S. agricultural
policy,” Food Policy, vol. 20, no. 1, 1995.

3 An example is the USDA’s GSM-102 program, which offers certain importers of U.S.
products government guaranteed loans for up to 3 years. For further details of the program, see
USDA, FAS, Export Credit Guarantee Programs, found at Internet address
http://www.fas.usda.gov/excredits/exp-cred-guar.html, retrieved Mar. 24, 2000.

37 Thompson, Y., P. Liapis, and P. Sckokai, “Alternative Trade Mechanisms in World Dairy
Markets,” Canadian Journal of Agricultural Economics, forthcoming, Mar. 2000.

% The proposal would limit the repayment period and link credit amounts to recipient country
per capita GDP. For further details see USDA, FAS, “OECD Negotiations on Export Credits,”
found at Internet address http://www .fas.usda.gov/excredits/exp-cred-guar.html, retrieved Mar. 8,
2000.

% “Playing field on export subsidies,” Feedstuffs, Oct. 22, 1999.

“ USDA, FAS, Outreach offices, WTO Regional Domestic Outreach Presentation, found at
Internet address: http://www.fas.usda.gov/itp/wto/presentation/demoutreach.html, retrieved Mar.
23, 2000.
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