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growth scenarios for HDTV would reduce these
market shares to 2.5 and 0.3 percent respectively.

In high-growth scenarios, the demand for digital
signal and other processing chips for HDTV in 2003
(measured by processing capacity) could similarly
be as much as 10 times world production of all logic
chips in 1987 (ch. 5). HDTVS might contribute a
small to signMcant additional demand to the total
logic market, depending on the assumptions one
chooses about growth in the computer and other
sectors. In 1989, however, DSPS are forecast to be
just 4 percent of the total dollar-value of the logic
market. 27 DSP production for all other purposes
would therefore have to increase at a phenomenal 45
percent annually for the next 15 years, or 250 times
total, just to equal the high-growth scenario demand
of HDTV.X Even in low-growth scenarios one-tenth
this size, HDTV would still provide a siqi.ficant
demand for digital signal processing chips.

More generally, High-Resolution Systems (which
include many computer, office automation, and
telecom/fax  markets) are likely to account for an
important share of DRAM and DSP use in almost
any scenario, due to the special processing require-
ments of video imaging.

If HDTV does provide a large market share for
particular semiconductors such as DSPS, it could
provide a firm significant economies in production.
This has been widely observed for other consumer
electronics components and markets. Producing a
particular 16-bit digital-to-analog (D/A) converter
chip for the large CD-player market, for example,
drove their price from $75.00 each to just $3.75,
while the price of less complicated 14-bit D/A chips
that did not benefit born such a large market demand
stayed at $60.00.29  Such production economies can
also extend to individual firms that have the benefit
of supplying several markets. This will also tend to
insulate the firm from the cyclical swings in demand
from a single narrow product segment.

As notedin ch. 5, HDTV is driving the state-of-the-
art in many aspects of display technology, and the
production volume of displays for HDTV is poten-

tially enormous-as much as 6,000 times larger area
of AM/LCD display than is currently produced in
the world. Whatever form video entertainment takes
in the future, it is likely to continue to be a principal
driver of technology and production economies of
scale for displays.

Finally, the production of HDTVS may be impor-
tant in driving the state-of-the-art in some aspects of
themanufacturingof  sophisticated electronics. High-
volume production of consumer electronics has long
driven the state-of-the-art in system manufacturing
and has had important spinoffs to many other
sectors. For example, all the Apple Macintosh’s
produced for the North American market are made
on a TV assembly line in California that was
imported from Japan.30 The development of Tape
Automated Bonding, surface mount technologies,
and much automated insertion equipment was simi-
larly driven by the consumer electronics industry
(ch. 5). Large-volume manufacturing of HDTVS
might also teach important lessons in manufactur-
ing, especially because of the sophistication of its
electronics.

Comparing Ul$i”mate  MarketPenetration  Rates
and Corresponding Needs per User

Although technological progress will continue,
the total production volume of computers, AWS,
and telecommunications equipment, etc. will at
some point in the future likely slow to roughly
replacement levels: there will be a limit to the
number of computers, ATVS, videophones, etc.
people will be able to put to effective use. At that
time, the number of such devices used per person
and their relative semiconductor and other compo-
nent requirements will determine the importance of
each market to the semiconductor industry.

Each household, for example, might have an
ATV, computer, and videophone at home; a car with
some electronics; and a computer/videophone at the
office. In addition, there would be a number of
‘‘smart’ devices such as microwave ovens, washing
machines, coffee makers, and others that would use

mS=  Ch. 5; and k~gmted  Circuit Engineering Corp., “Mid-Term 1988, ” Scottsdale, AZ.
~su~h  ~~ is po~~ible, ~ s=n ~ tie Pmt in tie  D~ ~d other ~ets. H -h ~o@tion or other such system  enter the market ill hge

numbers over the next 15 years, DSP market growth might be signifkantly  larger than this. This assumes that the cost per gate for DSP is the same as
for the larger logic market.

mAI Ke~ck  Natio@ Semiconductor, personal communication, MM. 15, 1989.
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some semiconductors.31  In this scenario, the AW
would probably have the highest value display. It
might then be the principal driver of display
electronics and screen technologies and of their
production costs. The computer would continue to
be the principal driver of microprocessor technology
and costs. The computer, videophone, and ATV
would all play a role in driving fiber and wideband
switching technologies, with the Am perhaps
playing an especially important role in leveraging
the extension of fiber to the home. The computer and
AW would share in driving magnetic and optical
storage media technology and costs, with the ATV
taking a leading role in the near future due to its
higher rate of information flow. From this perspec-
tive, Advanced TV could play an important role in
several sectors.

Basing policy decisions on precise predictions of
fhture markets in the electronics sector is clearly
impractical. The market for HDTV, as envisioned
today, may or may not develop. HDTV might open
up entire new markets unforeseen today; or even
substitute for personal computers and telecommuni-
cations equipment both at home and in the office.
Alternatively, HDTV might be a flop and interactive
computer systems prove to be a winner. Such market
uncertainty makes investment decisions and policy
formulation difficult; in the final analysis, faith may
be an important factor in market success.

TECHNOLOGY AND
MARKET TRENDS

The important underlying trends in the technol-
ogy should not be obscured by the uncertainties in
how the HDTV and other ATV markets will
develop. No matter what form video entertainment
systems take in the future, they will increasingly use
digital electronics.

Digital systems allow the manipulation and proc-
essing of video information in ways that analog
systems camot.  Significant improvements in the
quality of the picture presented (ch. 4) and the
potential for interactivity will be the result. Digital
microprocessors are already common in television
tuners, and IDTVS are now on the market. In the
longer term, these advantages make the increasing
use of digital electronics in TVs inevitable.

HDTV currently exerts greater demands than
computer or telecommunications equipment for
full-color, high-resolution, W-motion, real-time
video. As a result, HDTV is pushing the state-of-the-
art in a variety of display, display processor, storage,
and certain related technologies. The mutual conver-

gence of Advanced TVs, computers, and telecom-
munications towards digital video systems and the
strong technological push provided by consumer
video may result in significant linkages between
these sectors.

Technological linkages between components and
market segments are undeniably important and not
easily quantiiled. Such linkages, however, can be
overstated. For example, report “B” cited above
stated that if the U.S. share of the HDTV maxket  is
10 percent or less (weak), then the U.S. share of the
world PC market would decline horn  today’s 70
percent to just 35 percent in 2010; and the U.S. share
of the world semiconductor market would decline
from 41 to 20 percent in the same time period. The
report is done so haphazardly, however, that it shows
these drops in U.S. marketshare beginning in 1990.
Thus, in their scenario the U.S. share of the world PC
market even next year oscillates between $34 billion
and $17 billion depending on whether or not we have
less than 10 percent or greater than 50 percent of an
HDTV market that is all but nonexistent-according
to their estimate, worth just $4 million in the United
States and $92 million worldwide.

As discussed in the previous chapter, there are
numerous and important technological linkages
between certain aspects of the technologies underly-
ing HDTV, computers, and telecommunications
equipment. Some of these linkages are strong; some
are weak. In some areas, HDTV will drive the
technology; in others computers or telecom equip-
ment will drive the technology. For example,
automatic test equipment will be primarily driven by
the demands of the computer and telecommunica-
tion industries due to the greater complexity, variety,
and flexibility of the circuits. Some HDTV propo-
nents have sacri.iiced  credibility and trivialized the
importance of these linkages by arbitrarily assuming

31~s  i=ores tie i.lldus~  and  military segments which are much s~kr.
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an instant, across-the-board reduction in market
share.32  Linkages are usually much more subtle, are
more often identtiled only in hindsight, and their
impact on related industries and markets is often
slow to develop.

The consumer demand for video entertainment
and for consumer electronics equipment will always
be large regardless of the spectilc  course taken by
Am markets. The Japanese semiconductor industry
today is strongly supported by sales of consumer
electronics. Roughly one-fourth of total Japanese
semiconductor output is currently used in consumer
electronics, and TVs and VCRs are a major portion
of this.33

Perhaps more significantly, large volume mass
production, typical of consumer electronics, drives
the state-of-the-art in manufacturing technology for
systems. These manufacturing technologies, as well
as the management practices that go with them, will
be important for producers of computer and telecom-
munications equipment.

In the past, U.S. firms could ignore the consumer
electronics market at relatively less cost because
analog technologies were used. With the shift of
consumer equipment to digital electronics, the

linkages to the computer and telecommunication
industries are becoming quite important and U.S.
fiis can no longer ignore this market with impu-
nity.

The rate at which fiber-optics is extended to the
home and the details of how it is comected and made
use of is also uncertain. Fiber has already begun
replacing the backbone of cable TV and telephone
systems. In the midterm, mixed fiber, coaxial cable
and copper pair systems (ch. 3) of the telephone and
cable TV companies could provide a limited range
of interactive video services.

In the longer term, most agree that the improved
performance and ultimately lower costs of fiber (and
associated electronic equipment) guarantee that it
will eventually be used in all new construction and
perhaps to replace copper pairs in existing buildings
when maintenance costs become excessive. Ulti-
mately, fiber will likely penetrate most households
and could then provide a wide range of high-quality
information services, however long that may take.
The policy question is not whether or not to allow or
promote this, but rather how to provide a fimnework
for it to happen most flexibly with the least overall
disruption to society.

szhp~es of this IOSS of credibility  can be seen in: Congressional Budget office, “The Scope of the High-Defiition  Television Market and Its
Implications for Competitiveness,” July 1989; David Wessel, “Mossbacher’s Initiative on HDTV Is Getting Scuttled, Sources Say,” Wa2Z Street
Journal, Aug. 2, 1989, p. B2; and Peter Passell, “The Uneasy Case for Subsidy of High-Technology Efforts,” New York Times, Aug. 11, 1989, p. Al.

SSF1-, op. cit., fwmote  24; Japan’s v~ pr~uction  a~olmts for 12 percent of toM Jap~ese  chip production: “~’s H@-S@kW, Hi@-Tech
Battle,” Fortune, Oct. 24, 1988. .



Appendix A

The Decline of the U.S. TV Industry: Manufacturing

U.S. firms led the world in TV technology and
production until the early 1970s. Then, foreign-owned
firms gradually took control of the U.S. market. In
particular, superior design and manufacturing techniques
were implemented by Japanese manufacturers, in a
financial and business environment that the Japanese
Government took pains to make favorable to technology
development and capital investment. Their government
also assisted in developing overseas markets through a
variety of export promotion incentives and protected the
emerging Japanese companies from competition. The
decline of the U.S. television industry was also hastened
by dumping on the part of Japanese (and, later, other
foreign) firms, and by the sluggish and inadequate
response of the U.S. Government to that unfair trade
practice. Finally, the diversification of Japanese produc-
ers from small, portable televisions into larger, higher
value segments probably was speeded by Orderly Mar-
keting Agreements, which limited the number of units
that could be sold here.

Solid-state electronics were almost entirely invented in
the United States, yet the Japanese pursued solid-state TV
designs more vigorously. To reduce energy consumption
by TVs, manufacturers requested that MITI sponsor a
multi-company project to study the replacement of
vacuum tubes with transistors. MITI assigned particular
responsibilities to specific companies, and then circulated
the results among all participants. The new designs,
introduced in 1969 and 1970, used less than half the
power of the older models.

MITI followed this with another multi-company re-
search program on the use of integrated circuits (IC) in
color TV. The change to ICS allowed dramatic reductions
in the number of electrical components used in a TV.
From an average of 1,200 components per color TV in
1971, Japanese firms reduced the count to just 480 by
1975. In the same time period, U.S. firms only managed
to reduce the component count from an average of 1,150
to 880 (figure A-l).

This enabled all the components to be squeezed onto a
singIe  printed circuit board, which reduced the number of
contact points and made the TV both easier to assemble
and more reliable. In contrast, American firms continued

to use multiple-board designs for their ease of service.
Thus, while Japanese fiis designed faults out, American
firms accepted faults as inevitable, designed for them, and
in the process introduced them.

This difference in design philosophy could be seen at
every stage of the manufacturing process. Japanese
manufacturers worked to ensure ‘‘zero” defects by:
performing elaborate pre-production  testing of new de-
signs; coordinating closely with suppliers to eliminate
defects in incoming parts; and adopting automated
assembly. By 1978,65 to 80 percent of components were
inserted automatically in Japan compared to 40 percent in
the United States. This insistence on perfection even
extended to the boxes that the finished TVs were shipped
in. When Sanyo took over the Arkansas facilities of
Warwick (U.S.), over a year was spent working with
suppliers until the cardboard was flawless and the
lettering perfect.

In contrast, American manufacturers allowed a certain
percentage of incoming components to be defective, and
relied on testing during and after the production process
to catch the problems. As a result, typically less than 1 in
100 TVs had to be reworked during production due to

Figure A-l—Average Number of Electrical
Components Per TV for U.S.-and Japanese-Made

Color TVs
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Millste@ “DecliueinanExpauding Industry: Japanese Competition in Color Televisio~”  inAmericanIndustry  in Internatiomzl  Competition, John Zysman and bura~son
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defects in Japan; many U.S. factories had to rework 50
percent or more. Strict control of the quality of incoming
parts is also important if automation is to succeed. For
example, Philco’s  automated circuit board assembly plant
in Brazil ran for 3 months before they discovered that
every IC from one of their suppliers had been defective.
The cost of replacing the circuit board of every color TV
produced during this period was an important factor in
their owner’s (Ford Motor Co.) decision to sell Philco to
GTE-Sylvania and Zenith in 1973-74.

Reduced re-working  of TVs during production, auto-
mation, and other factors reduced the assembly time for
color TVs to 0.8 hours in Japan versus 2.6 hours in the
United States in 1979 (figure A-2). Their TVs were also
more reliable. Service calls for U.S.-made color TVs were
five times more frequent than for Japanese-made TVs in
1974, dropping to two times the frequency by 1979 as
U.S.-made sets improved.

These changes in failure rates had other impacts as
well. Because of early reliability problems, many U.S.
firms had developed dealer networks to sell and service
TVs in the 1950s, as had Japanese electronics firms in
Japan. The increasing reliability of TVs and the ability to
market them through mass merchandisers in the United
States, however, freed Japanese firms from supporting
such dealers in the United States, and thus converted these
dealer networks from a potential barrier to market entry
into a liability for U.S. firms.

Meanwhile, the Japanese producers were protected
from foreign competition at home. The government
maintained strict controls on foreign direct investment,
restricted import and currency exchange licenses, and set
import quotas. Even without them, Japan’s distribution
systems and traditional business practices posed a formi-
dable practical barrier to American exporters.

Some U.S. firms were competitive in manufacturing,
however, and survived till quite recently (GE, RCA) or to

Figure A-2—Man-hours To Assemble Color TVs in—
U.S. and Japanese Factories
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the present (Zenith) even in the face of dumping by some
foreign firms. Had this dumping and other trade violations
not occurred, other U.S. firms might have had the time to
learn and apply superior quality control and production
techniques, and have had the profit margins needed to
invest in R&D and automation to be fully competitive. In
this context, it is important to note that U.S. manufactur-
ing practices were superior to those of the Japanese in
terms of component counts and assembly man-hours
(figures A-1 and A-2) until the early 1970s.

Foreign-owned firms now dominate the U.S. TV
industry and much of the skill-intensive design and
production of electronic components and subassemblies
is done abroad, in many cases leaving primarily screw-
driver assembly operations to be done in the United
States.



Appendix B

The Decline of the U.S. TV Industry: Trade

Foreign t.mde pmctices  were an important factor in the
decline of U.S. television manufacturers. Domestic pro-
tection and coordinated pricing policies permitted Japa-
nese firms to sell televisions in the American market at
prices substantially below what comparable sets were
sold for in Japan. The U.S. response to this dumping was
sluggish and ineffective-in part because a statutory
change that enabled a more effective response was not
made until 197%xposing  American firms to competi-
tion that drove down profit margins and increased the
difficulty of making the needed investments to improve
their manufacturing. The Japanese Government protected
domestic producers flom imports as welI as foreign direct
investment, and the nation’s distribution system acted as
a barrier to any firm that could surmount the govern-
ment’s restrictions.

Japanese TV manufacturers have high fixed costs, in
part due to their customs of providing permanent employ-
ment and of maintaining exclusive distribution outlets.
High-volume production was needed to cover these fixed
costs but also provided significant economies of scale.
Government fiscal policies and other factors encouraged
heavy investment in plant capacity by Japanese manufac-
turers-in excess of domestic needs-to achieve these
volumes. The large output was sold at a high profit in the
protected domestic market and at low- or no-profit
abroad: Japanese producers maintained domestic retail
prices at least 50 to 60 percent higher than for comparable
sets sold in the United States. 1 Imports would have broken
this arrangement but were blocked.

The Japanese Government protected the profitability of
domestic sales through tariffs, quotas, import and foreign
exchange licensing, and restrictions on foreign direct
investment. Tariffs on color TV imports were 30 percent
in Japan until 1968 compared to 10 to 7.5 percent in the
United States over the same period. Commodity taxes
were reduced to less than 10 percent on sets entirely of
domestic origin, but were maintained at 30 percent on
those with larger imported picture tubes. Import certifica-
tion took much longer and was more costly and stringent
than the U.S. equivalent.

The Japanese industry blocked imports by denying
distribution through their extensive network of franchised
dealers, who carried only one manufacturer’s products,

excluding all others. Sales through large retailers also
proved difficult. In 1973, for example, Zenith attempted
to export to Japan to take advantage of the exceptionally
high prices for TVs there, but MITT reportedly pressured
Zenith’s trading partners and retail chains to limit
distribution efforts.

As a result of these and other factors, sales of color TV
imports in Japan totaled only 16,000 in 1974, 11,000 in
1975, and 452 in 1976-out of total color TV sales of
almost 5 million.

At the same time, Japanese sold TVs at rock bottom
prices in the United States. To ensure that the impact of
this was on U.S. rather than Japanese producers, Japanese
firms (including Hitachi, Matsushita, Mitsubishi, Sanyo,
Sharp, and Toshiba) a.IIocated U.S. retailers among
themselves according to the so-called “five company”
rule to eliminate intra-Japanese  competition.

U.S. firms challenged the unfairness of Japanese trade
practices, both in courts and through administrative
processes. Action was taken on at least five separate
fronts.

The first and longest proceeding began in 1968 when
U.S. Customs received complaints about dumping viola-
tions. In 1971 the Department of Treasury found Japanese
producers guilty of dumping,2 but virtually no duties were
collected or other actions taken until Congress overhauled
the antidumping  duty 1aw in 1979.3 At that point, the
Secretary of Commerce negotiated a settlement of ap-
proximately $77 million for antidumping duties and other
penalties. Zenith, having estimated its own damages as
much larger than this, unsuccessfully appealed the
settlement. The case was finally closed in 1987 when the
government unsuccessfully tried to force Zenith to forfeit
the $250,000 bond it had been required to post in
challenging this settlement.4

This and subsequent dumping findings against Korea,
Taiwan, and Japan (most recently for 1986-87)5 resulted
in the imposition of duties on TVs imported from these
countries. Foreign efforts to rescind the duties have failed,
but duties have reportedly sometimes been avoided by
shipping TVs or components to the United States through
third countries. For example, by transshipping through

IKozo  Yamamura and Jan Vandenberg, “Japan’s Rapid-Growth Policy on Trial: The Television Case, ” Luw and  Trade Issues of the Japanese Economy, Gary R.
Saxonhouse  and hzo Yamamura (eds.) (We, WA: University of Washington Pxess,  1986).

2T.D.  71-76,5 cw. B. and  Dec. 151,36 Fed. Reg. 4597  (1971).

3Ke~Kennedy,finithR&io  Corp. v. UnitedStates: TheNadir@the  U.S. TradeReliefProcess, Nofi  CiUOlirMJbof  bh~d  Law md CO~ xial Re@tion
(1988), VOI. 13, p. 226.

4&ni~h  R@~ COT. V. Unit&states,  823 F.2nd  518 @d.  Cir. 1987)

s“Televisim  R~iVers,  M~~~ and Color, Fmm  Jaw” 54 FR 13917,  1989.
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Mexico, Matsushita was reportedly able to cut its tariff
bill horn 15 to 5 percent on color picture tubes.6

Second, the National Union Electric Corp. (U. S.) filed
suit in 1970 and Zenith filed suit in 1974 against eight
Japanese firms and their subsidiaries for violations of
antitrust and antidumping  laws. Most of the evidence in
the case was ruled inadmissible by the District Court in
1981, including, for example, thousands of pages of
documents seized by the Japan Fair Trade Commission in
raids on corporate offices.7

The District Court’s decisions were largely reversed by
the Third Circuit Court of Appeals, which concluded that
there was direct evidence of concerted action among the
Japanese, including price fixing, use of the “five-
company’ rule, and false-invoice-and-kickbacks to avoid
U.S. Customs regulations and antidumping penalties. The
Court recommended that the case be sent to a jury.8

The Third Circuit Court of Appeals findings were
narrowly reversed, 5+ by the Supreme Court in 1986.
The Supreme Court ruled that the direct evidence of
concerted action among the Japanese found by the Third
Circuit Court was irrelevant, because the Japanese could
not have a motive to engage in predatory pricing in the
United States—it would require the Japanese to sustain
years of “substantial losses in order to recover uncertain
gains. “9 Pricing behavior in the Japanese market was also
deemed irrelevant to the antitrust charges because ‘Ameri-
can antitrust laws do not regulate the competitive
conditions of other nations’ economies. “1°

The legal arguments notwithstanding, the Japanese
firms’ actions at issue in the case caused significant
damage to U.S. firms. Both U.S. and Japanese firms had
to cover their fixed costs. The Japanese Government
permitted, if not encouraged, the creation of a protected

domestic market in which the Japanese firms were
allowed to recover all of their fixed costs, Iiee of any
significant foreign competition. Japanese firms could
then charge much lower prices in foreign markets,
including the United States, while U.S. firms were forced
to charge prices that covered their average total costs.

Third, Zenith petitioned the Treasury Department in
1970, requesting the imposition of a countervailing duty
to offset the effective rebate of the commodity tax
generally due on TVs which Japanese producers were
receiving from their government for exports. In 1976, the
Treasury Department found that the rebate was neither a
“bounty” nor a “grant,” either of which would have
triggered the imposition of a duty. The decision was
upheld unanimously by the U.S. Supreme Court in
1978.11

Fourth, in 1972 the U.S. Department of Justice
undertook investigations of collusion and of false-invoice-
and-kickback schemes run by Japanese firms to circum-
vent U.S. dumping tariffs and penalties.12  In 1977, Justice
concluded that there was no evidence of collusion, but it
brought charges against a number of fiis for these
kickback schemes. At least one U.S. retailer pled guilty,13
and at least one case was still unresolved in September
1989. 14

Fifth, in 1976 a GTE request to the U.S. International
Trade Commission (ITC) to investigate unfair acts by five
Japanese firms was dismissed, but a request by COM-
PA(X15  led to a 1977 ITC holding that there was injury
due to increased imports. While the ITC therefore
recommended higher tariffs on color TVs, the Adminis-
tration responded instead by negotiating a voluntary
Orderly Marketing Agreement.

6Co~~  ~ pmwme  AIUSriC~  Color Televisio~  U. S. Co~ss,  House subcotittee  on  Tekcmnmwn “cations and Finance, Ckuruittee  on lhergy and Cormmrce,
“Recommended Oovemment  Policies to promote the Evolution of a U.S. High Definition Television Industry,” Cornmittoe  Print 101E, March 1989.

7~nith  R~io  COP. v. Matsushita Elec.  Id. CO.,” 494 F. Supp. 1190 (1980), 505 F. Supp.  1125 (1980), and 513 F. Supp.  1100 (1981)
s’c~ Re Japse Hectroldc  kdlCtS,” 723 F.2nd 238 (1983). See also “Japanese Electronic Products Antitrust Litigation,” 807 F.2nd  44 (1986) for the discussion of

the case following the Supreme Court decision.
9~  leg~ Scholw  ~~d ~ ~ ~~ @ysis  of @ov tit ~w ~ l~ge pm -d ~ fie -St “c~serv~ve S&OOl  of ~~ght  ti the debate  Over Pdation,”

that of Bork-McOee-Easterbmok.  See: Randolph Sherman, “TheMatsushitaC ase: Tightened Concepts of Conspiracy and Predation?” Curdozo  LzwReview, vol. 8, p. 1121,
1987.

~OMatsushita E[ecwic  Industrial CO. v. Zenith Radio COW.,  475 U.S. 574 (1986).

ll~nith  V. United States, 437 U.S. 443 (1978).

12’iWm&& ~ckbxks  k Living Color,” Time, June 13, 1977, p. 63.

13David  Staelin  et al., “The Decline of U.S. Consumer  Electronics Manufacturing,” Massachusetts Institute of Technology Cmnnis sion on Industrial Productivity,
December 1988.

l~s cW~ ~~ck  ~d  fofimmP@  apP~s  ~d  ~-ds.  647 F.&d  902 (9~ Cir.  1981);  m~&d  to 5]8 F. Supp 179 (C!. J). Cal 1981); reviewed 719 F. 2nd
1386 (9th Cir. 1983); cext.  dm 104 S. Ct. 1441 (1984); 579 F. Supp. 1055 (C.D.  Cal 1984); reviewed 785 F.2d 777 (9th Cir. 1986); cat den. 479 U.S. 988 (1986); 677 F.
Supp.  1042 (CD. Cal 1988); reviewed 866 F. 2nd 1128 (9th Cir 1989).



Appendix C

The Decline of the U.S. DRAM Industry: Manufacturing

U.S. firms led the world in DRAM technology until the
early 1980s. Japanese firms then gradually took control of
the world market, in part because many U.S. producers
could not match Japanese efforts at critical points in the
technology’s lifecycle. Heavy investment of money and
manpower and close attention to highquality manufac-
turing were important factors in the Japanese success. In
addition, Japanese efforts have been abetted by violations
of trade law. As a result, Japanese firms now control 70
percent of the total world DIL4M market and 85 percent
of the advanced 1 Mbit DRAM market.

Two engineers designed Intel’s (U. S.) pioneering IK
(1,000 bits or binary memory cells) DRAM in 1970-71
and just three engineers designed Intel’s 16K DRAM. In
contrast, one of today’s major Japanese DRAM producers
reportedly assigned 50 select engineers to design their IK
DRAM and 100 to design their 16K DRAM. This allowed
greater specialization, more careful attention to issues of
manufacturability, and more rapid development of the
designs.

Japanese firms invested heavily in pIant and equipment
in the mid-1970s.  In contrast, U.S. producers cut invest-
ments due to the 1974-75 recession and were then unable
to meet the demand when U.S. semiconductor markets
boomed in 1979. Japanese producers stepped in—
offering 16K DRAMs as licensed second sources for the
industry-standard Mostek (U. S.) design—and, by the end
of 1979, had captured40  percent of the world 16K DRAM
market.

Manufacturing quality began to appear as an issue in
the late 1970s. Japanese 16K DRAMs, for example, had
much lower failure rates than those of U.S. firms (table
C-l)-even though nearly all began with the Mostek
design. It took several years for U.S. firms to reduce
failure rates to comparable or lower levels.

Table C-l—U.S.-Japan 16K DRAM Failure Rates
(parts per miiiion)

1978 1979 1980 1981 1982

Japanese vendors . . . . . . . . . 0.24 0.20 0.16 0.17 0.05
U.S. vendors . . . . . . . . . . . . . . 1.00 1.32 0.78 0.18 0.02

SOURCE: Hewlett Packard, WNiam  F. Finan, and Annette M. Lamond,
“Sustahing U.S. Competitiveness in MicroElectronics: The
Challenge to U.S. Policy,” in U.S. Competitiverress  in the 144dd
Edortorny,  Bruce R. Scott and George C. Imdge  (eds.)  (Boston,
MA: Harvard Business School Press, 19S5).

U.S. firms lost even more of the DRAM market in the
next generation due, in part, to relatively less competitive
manufacturing. Chiprnakers normally design chips as
small as possible to reduce the likelihood that any one
chip is contaminated by a stray microscopic dust particle
and to increase the number of chips produced per wafer
processed. Determined to leapfrog the Japanese in quality
and cost, most U.S. producers designed much smaller and
more sophisticated 64K chips than the Japanese, but were
consequently slower than the Japanese in completing the
designs and in solving related manufacturing problems.

In contrast, the Japanese successfully produced 64K
DRAMs by slightly modifying and scaling up &eir 16K
DRAM designs. The resulting chip was nearly  50 percent
larger than the leading American designs, but they
achieved good yields by using higher purity chemicals, by
greater capital investment in cleanrooms and automation,
and by superior quality-control techniques.

The simple design allowed the Japanese firms to get to
the market first. High yields also lowered the overall cost
per chip and gave them a greater production output per
unit of capital investment and per labor hour than U.S.
firms. By the end of 1981, the Japanese held 70 percent
of the world 64K DRAM market. U.S. firms cut the
Japanese share to 55 percent by rnid-1983  after entering
the market in volume, but most U.S. firms subsequently
abandoned the market due to Japanese dumping in the
mid-1980s  and/or due to problems they encountered in
manufacturing subsequent generations of DRAMs com-
petitively.

Issues of manufacturing process arose again as firms
made the transition from the 256K to the IM (1,000,000
bits) DRAM. Table C-2 compares the production yields
and costs for a lower-yield U.S. manufacturer-a major
U.S. firm that subsequently dropped out of the DIWM
business-with that of Toshiba, the world leader in IM
DRAM production.

The U.S. firm’s design and manufacturing process had
several serious shortcomings that allowed no rnarg. for
error. For example, in etching the silicon wafer to create
the circuit elements, the U.S. firm’s process formed sharp
vertical walls. In previous generations of DRAMs this
would not have been a problem. But with the dimensions
of the IM DRAM circuitry shrinking to just 1/100 the
diameter of a human hair, sharp vertical walls prevented

ltiesforthis section i.nclu&:  PeterD.  N- *mi@cLFrson~m~ .cations,  May 11, June 22, Aug. 4, andoct.  10, 1989; Brian Sante, “lK-Bit DRAM, 1970, ”
IEEE Spectrum, vol. 25, No. 11, 1988; Wfiam  F. F% Jeffrey Frey, “Study of the Management of MieroEkctmnics-Related  Research and Development in J~”
cuntractorqortpre  pared forthe OfficeofTechnology  AssessnnmL November 1988; CompetitiveEdge:  TheSemiconductorInAstry  in the US. andJapan,  Dauiel I. Oldmoto,
Takuo  Sugano, and Franklin B. Weinstein (eds.) (Stanford, CA: Stanford University Press, 1984); William F. Finan and Annette M. LsMon& “Sustain@  U.S.
Competitiveness in Microelectronics: The Challenge to U.S. Policy,“ in U.S. Competitiveness in the World Economy, Bruce R. Scott and George C. Lodge (eds.)  (BOX
MA: Harvard Business Press, 1985).
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Table C-2—U.S.-Japan 1 M DRAM Manufacturing
Cost Comparison

Lower yield
U.S. manufadurer

Operation 3Q 1986
Toshiba
3Q 1986

Start wafer costa . . . . . . . . . . .
Prooessed wafer cost . . . . . . .
Chip size (square mm) . . . . . .
Total chips possible (assuming

a 125 mm wafer) . . . . . . . . .
Wafer probe yield . . . . . . . . . .
Number of good chips . . . . . .
Packaging cost . . . . . . . . . . . .
Assembly yield . . . . . . . . . . . .
final test cost . . . . . . . . . . . . .
Final test yield . . . . . . . . . . . . .

Total manufaoturina  oost . .

(Bulk) $25.00
$300.00

54

151
25Y0

$::5
92Y0
$0.20
85’XO

$11.83

205
68Y0
139
$0.25
92Y0
$0.20
85?40
$3.31

NOTE: These are representative values to indicate relative manufacturing
costs for these two firms at a particular time. These firms are at
different points on the learning curve for IM DRAMs in 1986, but
process design flaws probably would have prevented much higher
yields for the U.S. firm.

~he starting wafers, Epi and Bulk, refer to different types of wafers.

SOURCE: Peter D. Nunan,  Sematech,  personal communications, May 11,
June 23, Aug. 4, and Oct. 10, 1989.

subsequently deposited material from being effectively
etched out of the comers, causing the circuitry to short-out
(figure C-l).

The Toshiba engineers recognized this pitfall and
developed a new technique which formed sloped rather
than sharp vertical walls (figure C-l). The resulting
process was highly robust. When transferred to Siemens
in Germany and to Motorola in the United States, yields
were high even with the very first wafers processed and
even with relatively less experienced line workers.

Technical management and quality philosophy proved
to be key problems for the U.S. firm. Its design engineers
developed their DRAM process and prototypes in the
laboratory, and then ‘threw the design over the fence’ to
the manufacturing engineers. The design engineers recog-
nized the difficulties of producing IM DRAMs with their
design: they attempted to compensate by specifying a
high-quality starting wafer, by keeping the chip size
relatively large, and by including a very large number of
redundant memory cells on the chip as backup (table C-2).
They were relying on inspection and correction after
production to provide usable DRAMs rather than design-
ing quality in.

The manufacturing engineers were unable to get (wafer
probe) yields up to competitive levels under factory
conditions. They protested that the process had no margin
for error and was not readily manufacturable, but didn’t
have the resources or knowledge to do proper analysis and
implement improvements. The designers insisted that
they had developed a robust and manufacturable process
and stayed away from correcting the problem. In contrast,
the engineers and scientists who developed the Toshiba

Figure C-l-Cross-section of IM DRAM Storage Cell
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residual polysilicon.
B. Cross-section of Toshiba design shovhg the sloped sidewall.
SOURCE: Peter D. Nunan,  Sematech,  personal communication, Oct. 10.

1989.

process were also responsible for improving the yield on
the factory floor. Even if the Japanese had not been
dumping DRAMs in the United States in the mid-1980s,
the IM DRAM design and manufacturing process of this
low-yield U.S. manufacturer might never have been
competitive.

The loss of the DRAM market may be particularly
darnaging to the U.S. chip industry. DRAMs are known
as a technology driver because they push the limits in
certain kinds of process technologies. Loss of DRAM
production will likely cause U.S. fiis to lag the Japanese
in developing certain kinds of manufacturing processes
important in the production of many types of chips.

U.S. firms face formidable obstacles should they
choose to reenter the DRAM market. From $5 to $10
million in the mid- to late-1970s,  the cost of a single
minimum-efficient scale, state-of-the-art DRAM produc-
tion facility has risen to roughly $200 million today, and
is expected to approach $400 million for the next-
generation 16M DRAMs. The human skills to design and
produce leading-edge DRAMs also take many years to
develop.

Siemens  has committed $1.6 billion to develop or
acquire IM and 4M DRAM technology and production
facilities. Even armed with IBM’s DRAM designs,
however, U.S. Memories failed to raise $1 billion to enter
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DRAM production. Similar investments needed for
producing state-of-the-art semiconductors generally are
all but impossible for small- and medium-sized firms. As
a result, many American companies are forced to rely on
Japanese and other foreign firms to produce their chip
designs.

Some observers see the relatively low level of funding
for Sematech—roughly  $200 million per year-and the
corresponding decision to not pursue large-volume pro-
duction of DRAMs  as critical constraints. They argue that
a high-volume operation is essential for testing yield and

reliability, and that issues of technical management and
quality techniques-such as for the lower yield U.S.
manufacturer described above-can otherwise be swept
under the rug. As one Sematech  engineer, frustrated by
what he feels is an inadequate response to the Japanese
challenge, put it,

It’s as if the Soviets, having already taken the lead in the
space race, had announced in 1961 that they were going to
send a man to the moon, and the U.S. response was to focus
on selected aspects of rocket science.



Appendix D

The Decline of the U.S. DRAM Industry: Tradel

The Japanese Government protected the Japanese
semiconductor industry when it was weak and, as it
strengthened, supported its move into international mar-
kets. Conversely, American trade policy largely failed to
prevent serious darnage to U.S. industry caused by trade
violations.

Scientists and engineers in the United States invented
essentially all of modem solid-state electronics. By one
accounting, of some 103 major product and process
innovations in the semiconductor industry between 1950
and 1978, 90 were by American fiis. Despite the
technological lead of U.S. firms, they were never able to
convert it into market share in Japan as they did in Europe.

U.S. firms found it all but impossible to establish
subsidiaries in Japan or joint ventures with a significant
share of the equity-unless the Japanese partner was
given access to new technology or other appreciable
benefits. Thus, whereas U.S. firms had established 46
subsidiaries in Europe by 1974, including 18 manufact-
uring operations, only Texas Instruments (’H) had a
manufacturing operation in Japan.

TI succeeded where other U.S. firms failed because of
its strong U.S. patent on the integrated circuit (IC). The
Japanese Government refused to give TI permission to
establish a wholly owned subsidiary in the early 1960s; in
turn, TI refused to license its IC patent in the United States
to Japanese firms. This generally stopped exports of
Japanese ICS to the United States, but it did not stop
Japanese firms tiom producing ICS for their domestic
market as TI’s application for a Japanese patent was
refused. (’II applied for a Japanese patent on its invention
of the IC in February 1960 but did not receive the patent
until November 1989. The patent is estimated to be worth
$500 million annually in royalties to T’I.)

Japanesefirmsmpidly  gainedexpertise  inlCfihication-
rnaking TI’s entry into their market evermore difficult the
longer it waited to settle. In 1968, TI settled for a 50:50
joint venture with Sony; licensed NEC, Hitachi, Mitsub-
ishi, Toshiba, and Sony; and agreed to limit its share of the
Japanese IC market to less than 10 percent. Firms with
weaker patent positions did not succeed in establishing
manufacturing subsidiaries in Japan until much later.

Tariff and non-tariff barriers limited imports into Japan
as well. Tariffs were roughly double those of the United
States until the early 1980s.  Imports of ICs with more than

200 elements were bamed until 1976, limiting the import
market to the most simple types.

Unable to penetrate the Japanese market, most U.S.
firms licensed their technology to Japanese firms as a
means of realizing some earnings. The Japanese Gover-
nment  required that foreign firms license all Japanese firms
so requesting at a single royalty rate. This prevented the
competitive bidding up of the license fees; and the broad
licensing prevented any one firm from capturing monop-
oly revenues. Competition among firms was thus effec-
tively shifted fkom innovation downstream into manuhctur-
ing.

The battle for control of the DRAM market began in the
late 1970s  with the strong Japanese push in 16K DRAMs.
The 1979 boom in semiconductor demand created a
capacity shortage among both Japanese and @encan
producers. Japanese firms responded by increasing their
export of chips to capture and hold market share abroad
while importing the same chips to ffl their domestic needs
until they could expand their production capacity. U.S.
firms rushed to fill Japanese orders in the hope that this
was a market opening, resulting in the highest levels of
semiconductor imports into Japan at anytime between the
early- 1970s and 1989 (figure D-l). As additional capacity
came on line, however, the vertically integrated Japanese
producers cut back imports of U.S.-made DRAMs while
hanging onto their market share gains abroad.

Japanese firms pushed DRAM prices down sharply in
the early 1980s  (figure D-2). Repeated allegations of
dumping were made, but no formal action was taken
because it was difllcult  to distinguish the effect on price
of dumping, if any, from that of the high value of the
dollar. Over half of the U.S. DRAM producers dropped
out of the market during this period.

The remaining American firms followed the Japanese
lead in heavily investing in capital equipment in 1983-84.
When recession hit the semiconductor industry in 1985-
86, the large overcapacity and other factors drove down
DRAM prices. Japanese firms lost an estimated $3 to $5
billion during 1985-86, while American fms lost an
estimated $2 billion.

Severe price competition also occurred with other
commodity chips such as EPROMS. In 1985, Hitachi told
distributors to quote 10 percent lower prices—
irrespective of costs-than competing American firms

l-es fi~s s=tim iIKJU&  hose  cited~ ~. C ~d:  Johu E. Til~ “Iu@tiod l)ifhi~ of Tecbology,”  Brootigs  btihti~  1971;  Es  J. ~ “%
“Cress-Investment: A Second Front of Economic Rivalry,” CalifomiaManagement  Review, vol. ~ No. 2, Wider 1987; The Departmmt  of Co
the Us. Semimndlllx

nnnerce, “A Report on
or Indmtry,  ” 1979; “The united states Government Trade Policy Response To Japanese Competition in Sanbnductors:  19821987,” O’Ill

Background Rem  September 1987; Clayton K Yeutter,  “lhe Japanese Left Us With Little Choice,” New York Times, Apr. 5, 1987; Andrew Pollac~ “Chip Pact Falls
Short of Ooals,’’iVew  YorkTimcs,  Aug. 2, 1988; WilliamF. F- Chris B. Amundscw “Modeling U. S.-Japau Competition in Semiconduc tors,”  Journal qfPolicy Mcxieling
8(3): 305-326 (1986); John Burgess, “Japan Oives U.S. Firm Circuit Patent,” Washington Post, Nov. 22, 1989;
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Figure D-l —U.S. Share of the Japanese Semiconductor Market, 1973-66
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until the sale was won, while guaranteeing a 25 percent
distribution profit. From January 1985, when the Japanese
entered the 256K EPROM market, to August 1985 prices
fell from $17 per chip to less than $4, while the estimated
Japanese production cost alone was $6.34.

In response, U.S. semiconductor firms filed anti-
dumping cases against Japan in 1985 for below-cost sales
of 64K DRAMs, and the Department of Commerce itself
filed an antidumping case against Japan for below-cost
sales of 256 DRAMs and EPROMs. The U.S. Intern-
ational Trade Commission (ITC) found that dumping had
occurred. For example, constructed prices indicated that
DRAMs were being sold at half their estimated produc-
tion cost. A trade agreement was subsequently reached in
September 1986. When this failed to stop below cost
sales, the Reagan Administration imposed sanctions.

These remain in place in early 1990 on the issue of the
lack of access to the Japanese market. Despite this
relatively quick action, the only American firms in the
merchant DRAM market today are TI, Micron, and
Motorola.

Following the trade agreement, prices on the spot
market rose sharply to as much as four to five times
long-term contract prices. Further, prices charged to U.S.
purchasers have typically been 30 percent higher than
those for Japanese users. In sharp contrast, EPROM
prices-where U.S. producers still have 40 percent of the
world market and 70 percent of the U.S. market-have
been much more disciplined.

Some analysts believe that Japanese producers, who
now control the world DRAM market, have subsequently
acted like a carte12: driving prices up to capture excess

%hades Fergu~ “DRAMs, Component Supplies, and the World Electronics Iadustry: Aa international Stmtegic Analysis,” VLSI Memo 89-554, Ausust 1989,
Massachusetts Institute of Technology, Cambridge, M& Kenneth Fl~ “Policy and Politics in the International Semiconductor Industry,” paper presented at SEMI ISS

minar, Newport Beac4 CA, Jan. 16, 1989.se
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Figure D-2—Average Cost
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profits in 1988 and 1989, and driving prices down, as in ary 1990, in part due to this sharp decline in DRAM
fall 1989 to perhaps wam any would-be entrants into the prices; the same day, many of Japan’s largest chip
DRAM market with the specter of enormous financial producers announced DRAM production cutbacks to turn
losses. The effort to launch U.S. Memories-a DRAM the price declines around.3
production consortium-was finally abandoned in Janu-

3David  E. Sanger, “Contrasts on chips, “ New York Times, Jan. 18, 1990.



Appendix E

The Development of the Japanese Computer Industryl

Japanese researchers at the University of Tokyo, the
Electrotechnical  Laboratory (run by MITI after 1952),
NEC, Fujitsu, N’IT and elsewhere resumed pre-war work
on computing machines in the late 1940s and early 1950s.
The computers they developed were generally small,
low-cost, and technically well-behind the better financed
efforts in the west. In 1955, a MITI-sponsored  committee
recommended that the computer sector be given more
financial support, be protected by limiting imports, and be
assisted in the acquisition of foreign technology. The first
test came the following year.

In 1956, IBM requested MITI’s permission to create a
wholly owned manufacturing subsidiary (it already had a
sales subsidiary) in Japan with the right to return royalty
payments and profits to its parent company. Permission
was denied. A settlement was not reached until 1960,
when IBM was allowed to establish its desired subsidiary
and to repatriate 10 percent royalties back to its parent in
return for licensing its patents to all interested Japanese
companies for a 5-year period at a single reduced rate--5
percent on computer systems, and 1 percent on parts,
among other concessions. MITI negotiated these licens-
ing rights on behalf of the individual companies to
prevent competitive bidding-up of the royalties and to
prevent the establishment of a domestic monopoly.

Even with the 1960 settlement, IBM-Japan operations
were closely controlled by the government on the grounds
that it might hurt domestic industry. IBM-Japan was not
allowed to begin production until 1%3; its 1964 request
to produce the 360 series was delayed for a full
year-until after Fujitsu and NEC had introduced their
own “family series”; its importation of critical parts
which could not be produced locally was slowed; and the
entry of capital that it needed to build facilities was
restricted.

Beginning during this same period, the Japanese
Government began an extraordinary series of initiatives to
enable Japanese firms to become world class competitors
in computer technologies and markets.

First, the Japanese Government provided domestic
firms direct financial support. Subsidies and tax breaks
totaled about $130 million and loans totaled more than
$400 million during the 1960s. Together, this was nearly
twice what domestic firms themselves invested in R&D,

plant, and equipment for commercial computer develop-
ment.

That funding was often not used at the firms’ discre-
tion. Much of it went to spectilc  investments that
government, business, and university researchers agreed
would contribute most to technical progress and produc-
tion efficiency. Support was also targetted  towards
specific firms to develop certain classes of computers
(Fujitsu, NEC, and Hitachi) and particular pieces of
peripheral equipment (Oki, Mitsubishi, and Toshiba).
This divided the market and improved the scale econo-
mies for the firms in each segment. Firms chosen by the
government to lead the effort in specfilc  segments varied
over time on the basis of competitive proposals and past
performance. For example, Hitachi was chosen to lead the
1966 Super High-Performance Computer Project—
intended to develop a domestic counter to IBM’s 360
Series-on the basis of its design proposal.

The government-backed Japan Electronic Computer
Co. (JECC) was another important source of direct
support. Most of its directors were former MITI or Japan
Development Bank offlcia.ls;  and it was financed with
low-interest loans either directly through the Japan
Development Bardq  or through a MITI-organized private
financing cooperative with the loans guaranteed by the
JDB. As of 1978, the JECC was the 20th largest firm in
Japan in terms of capital; yet had no sales division, did not
advertise, had just 120 employees, and averaged annual
profits of less than 0.1 percent of rental assets.

The JECC (est. 1961) purchased computers at rela-
tively high fixed values to prevent price competition and
provide producers reasonable profits; and then rented
them to users at values designed to undercut IBM. This
gave computer makers their cash up front, and shifted
much of the financial burden from the computer firms to
the JECC.  While 15 companies had licensed IBM’s basic
patents, only the top seven firms were allowed to enter
JECC in order to prevent excessive competition such as
“redundant investment and cut-throat pricing. ” The top
three-Fujitsu, Hitachi, and NEC-were given pref-
erential treatment. Following the establishment of the
JECC, Japanese companies share of the domestic market
jumped from 18 percent in 1961, to 33 percent in 1962,

l~ci~  SO-S  include: Marie Anchordoguy, ‘The  State and the Market: Industrial Policy Towards Japan’s Computer Industry, ” draft, 1986 and Computers, Inc.
(Cambridge, IvIA:  Harvard University F%Ess,  1989); Jonah D. bxy  and Richard J. Samuels, “Institutions and Innovation: Research Collaboration As Technology Stmtegy
in Japan,” MITJSTP  89-02, Massachusetts Institute of Technology, 1989; Kenneth  Fl~  Targeting the Computer: Government Support andhternational  Competition,
Creating the Computer: Government, Industry, and High Technology (Wbsbingto%  DC: Brookings  Institution, 1988); Robert Sobel,  IBM vs. Japan: The Struggle for the
Future (BriarcliffManor,  NY: Stein & Day Publishers, 1986); Charles H. Fergusou  “Technological Development, Strategic Behavior, and Government Policy inroformatl “on
Technology Industries,” PhD. Thesis, Massachusetts Institute of Technology; ha C. Mag aziner and Thomas M. Hout, “Japanese Industrial Policy,” Report #585 (J-xmdmu
England: Policy Studies Institute, 1980); “A Worldwide Strategy for the Computer Market,” Business Week, Dec. 14, 1981; John Mzukoff,  “Fujitsu Will Pay $833.3 Million
to IBM To Settle Software Fight, “ New York Times, Nov. 30, 1988.
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to 52 percent in 1965 despite the technical inferiority of
their computers.

The JECC only bought the specific machines that users
ordered for rent and, further, required computer makers to
buy back at book value any computers that users wished
to trade in after the minimum 15 months. This forced the
producers to compete for customers through continuously
developing better computers. At the same time, domestic
content requirements were only slowly increased. When
these buybacks  became excessive for computer compa-
nies, however, the government accelerated depreciation,
further lowered the interest rate charged JECC, and
allowed these companies to put money for trade-ins into
tax-free reserves. By 1972, for example, some 60 percent
of the cost of a computer could be depreciated in the first
year.

Firms began developing their own rental systems in the
early 1970s to circumvent (undercut) JECC’S  price cartel
and thus gain market share. Hitachi, for example, put
some $180 million into its rental system in 1973 alone,
using profits from its consumer electronics division.

Second, the government organized cooperative R&D
beginning in 1962. Cooperative R&D reduced the finan-
cial burden on individual firms, promoted the diffusion of
critical technologies, and increased competition by pre-
venting any one firm from gaining control of critical
technologies. Many projects, including the first-the
FONTAC project—fell far short of their goals. With each
project, however, more was learned about managing such
cooperative ventures, the R&D was done at a lower cost
than if firms had each done it individually, and, with
experience, better computers were developed. Projects
which maintained a strong competitive environment
between firms were generally more successful than those
which placed all bets on a single horse.

The Japan Software Co., for example, was established
in 1966 as a joint venture between Hitachi, NEC, Fujitsu
and the Industrial Bank of Japan. It was intended to
develop the software needed for the MITI-organi.zed
effort involving all of the Japanese computer firms to
match the IBM 360 computer. It failed. The company
presumed it had an assured market and made little effort
to build up outside customers. Software technology is
complex and abstract and realistic goals were difficult to
formulate. The company was left with little direction. In
addition, software technology changed rapidly and be-
came increasingly important in overall system cost,
increasing the desire of firms to keep software develop-
ment within their own company rather than contracting
for it outside. The presence of the Japan Software Co. also
discouraged other firms from entering the software
market. When the project ended in 1972, its orders
dropped precipitously leading to bankruptcy and dissolu-
tion in December 1972.

Third, the government allowed firms to establish
agreements with foreign partners for technological coop-
eration, while at the same time denying foreign firms
(with the exception of IBM) direct entry into their market.
Other firms had less market power and fewer patents to
trade upon and were thus generally unable to get terms
even as favorable as IBM’s-IBM was the only computer
firm to get a wholly owned subsidiary during the 1960s.
Sperry Rand, for example, was able to enter the Japanese
market only by accepting a minority interest in a joint
venture with Oki Electric. Between 1961 and 1964,
Hitachi, Mitsubishi, NEC, Oki, and Toshiba formed
agreements with RCA, TRW, Honeywell, Sperry  Rand,
and GE respectively. This dependence on U.S. firms
caused considerable turmoil in the 1970s  when firms such
as RCA and GE abandoned their computer businesses.

Fourth, the government increased protection for the
domestic computer industry. Tariffs on imported comput-
ers were raised from 15 percent to 25 percent in June 1960
and tariffs on computer peripherals were raised to 25
percent when the government decided to enter that market
in the late 1960s. The tariffs on computers were lowered
in 1964 when Japan entered GA~ and the OECD.
Quotas also limited imports, and were not ended until the
early 1970s. As already noted, IBM’s production in Japan
was similarly limited. Foreign firms, IBM in particular,
were also excluded from certain data-processing markets
which developed in the late 1960s by changing various
laws that had restricted NTI”s  entry. This allowed NT’I’
to begin a cooperative research project in 1968 to develop
a large, high performance computer for on-line data
processing and to subsequently provide these services and
dominate this market. NTI’ has also been a major source
of R&D funding as well as a major market for computer
fimls.

Fifth, government control over computer imports gave
it strong leverage over firms applying for import licenses
to instead buy a Japanese made-computer. These efforts
were effective. Purchases of foreign computers (including
those made in Japan) were reduced horn 93 percent in
1958 to 43 percent in 1%9 despite the technological
inferiority of Japanese-made machines.

This “Buy Japan” policy did cause inefficiency and
hardship, particularly in the 1960s when production was
just getting underway and the technological gap was the
largest. Firms objected to this pressure from MITI to buy
domestic computers, usually unsuccessfully. The gover-
nment allowed, however, the import of some foreign
computers to prevent excessive damage to critical sectors
and to push firms to do better by showing them the level
of technology needed to compete in world markets.

Sixth, government procurement played an important
role in Japan just as it had in the United States. In the
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1%0s, the Japanese Government purchased or rented 25
percent of all domestic computers.

These efforts helped. The U.S. hardware advantage was
reduced fkom some 10 years in the mid-1960s to perhaps
4 years by the early 1970s.  The Japanese share of their
domestic market increased to some 60 percent by 1970.
The introduction of the IBM 370 in the early 1970s,
reduced the Japanese share of their domestic market to 48
percent in 1974. RCA, GE, and others left the market at
this time due to the heavy investment that would have
been required to remain even somewhat competitive with
IBM.

Japanese producers might have left the market as well
had it not been for government protection and support.
Indeed, IBM had enormous advantages in the scale of its
operations. In the late 1960s, the top three Japanese
computer firms each manufactured about 2 percent of the
number of computers made by IBM for any given type. At
the same time, their currency was revalued, they were
under increasing pressure from the United States to open
their markets, and oil prices were crippling their heavy
industries.

In response to IBM’s 370 Series, the government
organized the firms into three groups: Fujitsu and Hitachi
focused on large computers; NEC and Toshiba on small
and midIevel  machines; and Mitsubishi and Oki on
specialized scientific and industrial machines. From
1970-75, more than $600 million in subsidies, including
tax breaks, and over $1 billion in low-interest loans
helped these firms make the investments needed to
compete with IBM. Indeed, these subsidies and loans
totaled nearly 1.7 times what the firms themselves
invested in R&D plant and equipment.

Similarly, the computer firms would have had to
massively increase their debt in order to finance their
computer sales directly rather than through the JECC.
Fujitsu, for example, would have had to more than double
its long-term loans during the 1960s, and then nearly
triple them again in the 1970s-pushing  its debt-equity
ratio to 21—in order to provide this financing itself.

A major opportunity also arose when a former top
designer for IBM spun off a startup firm in 1970 to
produce IBM compatible rnainhames. Unable to secure
sufficient funding, he turned to Fujitsu for help in 1972

and received $54 million between 1972-76 in exchange
for technical information. In 1974, Fujitsu announced it
would produce computers in Japan for this company,
Amdahl, to market in the United States. Amdahl  is now
49 percent owned by Fujitsu and sells over $1 billion of
IBM-370 compatible mainframes annually.

The intensive internal effort and external technology
acquisitions helped Japanese manufacturers produce com-
puters competitive with the 370 series within 3 to 4 years
of IBM’s offering. When these machines became availa-
ble beginning in the mid-1970s, Japanese users quickly
began trading in their IBM systems for those of domestic
producers. The number of IBM systems rented out
actually declined for some models while the comparable
Japanese offerings showed increasing usage.

The role of the Japanese Government continued to be
important even after the market was officially opened in
1975. Direct subsidies totaled some $1 billion between
1976-81+ual  to a quarter of private-sector investment
in R&D, plant, and equipment. If low-interest loans are
included, government support nearly equaled private
sector investment during this period.

The Japanese computer firms have grown enormously
in strength. They offer IBM compatible equipment that is
often as good, sometimes even better, than IBM itself, and
they are willing to drastically cut prices to capture market
share. Hitachi, for example, has offered central banks,
government agencies, and others discounts of 50 to 60
percent below IBM prices in order to win customers.
These tactics have worked. Between 1975-85, Japanese
computer exports increased 35 times, while imports only
doubled.

World reliance on IBM-compatible hardware and
software continues to be a serious weakness for Japanese
firms+ne which they have sometimes gone to great
lengths to circumvent. In 1982, for example, an FBI sting
operation caught Hitachi and Mitsubishi stealing IBM
technology. Recently, Fujitsu was required to pay IBM
nearly $1 billion for its ongoing unauthorized use of IBM
software. These and other incidents have led to Japan’s
current Fifth Generation, Supercomputer, and other
projects which include the goal of ending their depend-
ence on IBM-compatible software.
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Research and Development Consortial

The scale of investment required to catch up with
Japanese and European HDTV projects naturally leads to
the consideration of R&D consortia. U.S. industry (and
govemrnent) have traditionally viewed consortia as un-
necessary (given a technological lead), inefficient, and
possibly illegal (for antitrust reasons). But times change,
and there are clear signs that the climate of opinion in the
United States is changing. Many consortia have sprung
up: industry-university consortia for basic research, like
the Semiconductor Research Corp.; private sector consor-
tia aimed at long-term basic research, like the Microelec-
tronics & Computer Technology Corp. (MCC); and
consortia aimed at developing manufacturing technology,
notably Sematech and the National Center for Manufac-
turing Sciences (NCMS).

Aside from simple catchup, there are good reasons for
this flowering of consortia in the United States. As
manufacturing processes become more complex and
technology more sophisticated, the cost of R&D is rising
rapidly. Consortia offer a way of sharing these costs and
risks, which are becoming increasingly difficult to bear.
For example, Yasuro Matsukara, general manager of
~C’S WI diVisiOn,2  said that it would have cost his
firm five times as much to develop their electron-beam
lithography system independently. In contrast, six U.S.
semiconductor equipment manufacturers attempted to
develop e-beam systems independently in the early
1980s. Only Perkin-EImer  succeeded, with the others
eventually writing off losses of more than $100 million
and quitting the market.

There are other reasons why consortia may be useful
and attractive. They can help to correct the well-known
U.S. tendency toward short-term thinking and strategy.3

They may generate externalities not captured by an
individual firm but available either to the economy or the
industry-such as a source of competition for foreign
monopoly suppliers of high-technology inputs.4 They can
train people in methods and practices not prevalent in
their home corporations. They may help to diffuse new
technologies, especially where consortia are designed to
help companies catch up in areas of technological
weakness. Finally, they can help participants create

formal and informal ties and alliances which may be
critical for international competitiveness and technology
development.

LESS tangible benefits of consortia may also be
important. Some consortia may offer a forum for industry
to discuss common problems and a framework for
industry to quickly establish technical standards and
common equipment interfaces.

Initiating cooperation among otherwise strongly com-
petitive firms can be difficult. Strong firms may hesitate
to join, fearing loss of their proprietary technologies with
little to gain fkom weaker firms. In Japan, government
support then plays an important role both symbolically
and substantively in enabling such collaboration—
reassuring strong firms that they will get back at least as
much as they give.

Companies similarly fear the loss of their best person-
nel to a consortium and may consequently send their
second-best. Admiral Bobby Inman initially rejected 95
percent of the researchers sent by member companies to
the Microelectronics & Computer Technology Corp.
(MCC—a  private U.S. consortium formed in 1982).
Firms are likewise reluctant to share their in-house ideas
or technologies. IBM’s and AT&T’s donations of impor-
tant leading-edge technologies to Sematech suggest how
vital they view its mission.

All these elements may be achievable during the
enthusiasm of starting up a new consortium, but maintain-
ing them-especially once the high-level champions in
the member firms have moved onto other problems—is
a different and more difficult matter still. It is often hard
for firms to agree on an R&D agenda or to maintain a
long-term perspective. For example, managers are often
forced to concentrate on the near-term bottom line within
their firm, and therefore may in turn demand quick
supporting results from a consortium-though its purpose
is longer term R&D,  When R&D is successful, it can still
be difficult to transfer technologies from the consortium
to the member firms, particularly when the firm has not
maintained good in-house technical expertise. Finally,
even if the member firms are confident that these barriers

ls-e~for~s  ~timfiIuA:  Mark~oq  “~andtie  Entrepreneurial State,” unpublished monograph, MCC, Aust@  ‘IX;  Joti D. ~VY  ~d  Ric~J.  S~lS.
‘Tnstitudcms  and Innovation: Reseamh  Collaboration As Technology Strategy in Japan,” and Richard J. S amuels,  “Reseamh  Collaboration in Jaw”  MlT-Japan Science
and Technology Pmgrarrx  George R. Heaton, Jr., “The Truth About Japan’s Cooperative R&D,” NAS Issues in Science and Technology, fall 1988; “G-Operathg to
Compete,” The Economist, Apr. 5, 1980, pp. 74-75; Charles H. Ferguson, “Technological Development, Strategic Behavior, and Government Policy in Information
Technology Industries,” Ph.D. Thesis, Massachusetts Institute of Technology, 1988; Lee Smith, “Can Consortiums Defeat Japan?” Fortune, hne5,  1989; Sheridan Tatsuno,
The  Technopolis  Straregy (New York  NY: 1%.mtice-Hall,  1986); and interviews with personnel at the Semiconductor Reseach  Corp., Reseamh Triangle Pink, NC; the
Micmelectmnics  & Computer Technology Corporation (MCC),  Austiq TX; and SemakdL  Austin, TX-

2Japm~5  ~~condmtor Cortsorhq  19 7 6 - 7 9 0

3For  a di5m55im  of ~ ~=a  ~~d ~s ~~cy,  so=  of tie most  impo~t  of wtich  are found in the U.S. fiancid  ~ vimnment,  See, U.S. Congress, Office of
Technology Assessmmt,  Making Things Better: Competing in Manufacturing, OTA-ITE-44 3 (W%shingtom  DC: U.S. Govemmen t Ptiting  Office, February 1990).

4~s  Wm & aimof  the U.S. Memories projec~  which failed in part because it aimed at generating externalities that might have goneuncaptumdby  the firms  themselves.
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can be overcome and that the consortium will be
successful, in some cases they may have antitrust
concerns to deal with.

Consortia pose potential risks as well-of being
ineffective and wasting money; of reducing competition;
or of hampering creativity. Cooperative long-term R&D
also does not address the areas where U.S. firms have had
the greatest difficultieein  manufacturing process and
incremental product improvement.

Japanese consortia have provided many of these same
benefits to member firms, and have suffered many of the
same problems of initiating and sustaining cooperation.
For example, judging itself to lead in the technology,
Hitachi refused to collaborate in a $60 million 8-year
MITI sponsored R&D project to develop high-power
C02 lasers for flexible manufacturing. MITInevertheless
helped fund Toshiba and Mitsubishi. Today, all three
firms have comparable C02 laser technology and the
level of interfirrn  competition has no-doubt accordingly
increased. Some Japanese consortia have been abject
failures as well. The Japan Software Co. (app. E) is an
example.

Japan is famous for its consortia, and justifiably so.
One-third of Japanese industrial R&D is collaborative.
But these consortia take a form different from those
usually used to describe consortia in the United States.
Fully 90 percent of collaborations are between two firms
only, usually in the same keiretsu  (industrial grouping).
Only 6 percent of Japanese industry R&D is done
collaboratively between firms in the same business (i.e.,
direct competitors). Much of the research done within
these consortia is also done on a partitioned rather than a
collaborative basis, with the results being shared but the
research being done by individual firms in their own labs.
Fewerthan 1 in200f Engineering Research Association~

horizontal R&D consortia-have had joint laboratories.
Such partitioned efforts have nevertheless been important
in reducing duplication and the needed investment by any
individual firm: Chapter 2 notes several examples of this
for HDTV.

The critical element in the Japanese equation has been
the role of MITI, not necessarily for providing the funding
for collaborative R&D, but as a facilitator, supporter, and
long-range voice. During the Japanese catch-up phase,
MITI often negotiated for patent rights on behalf of all
Japanese firms, andin many cases demanded patent rights
as a condition for a foreign firm to have even a limited
presence in the Japanese market. This kept patent
licensing fees uniformly low for Japanese firms and
provided all interested firms access to the teehnology—
preventing any one from gaining monopoly control. In
joint R&D efforts, partitioning research between firms
allows the government to assign more difficult portions to
stronger fins-effectively holding them back while
implicitly aiding weaker firms. With all the participating
firms having access to the same basic technologies by
such mechanisms, competition is heightened and by
necessity also moves downstream into manufacturing
process-the area where U.S. firms have most lagged
their competitions.

Simple emulation of the Japanese model is not possible
or desirable in the U.S. environment. But as the European
initiatives for science and technology show, there are
many ways in which the positive attributes of the Japanese
model can be captured in a different setting. It is likely,
therefore, that the right consortia operating under the
appropriate conditions can help U.S. industry in some
critical sectors-perhaps including HDTV. The trick is to
make sure that the circumstances and conditions are
Iight.s

5A mm  &~ed  ~view  of some of these issues  can be found in OTA’s  report, Maktig Things  Better, op. ~~, footoo~  3.



Appendix G

Acronyms and Glossary

Acronyms

—heIiCan Electrom“CS ksociatiq  table  z-s.

fk&cD  —Active Matrix Liquid Crystal Display
—ArnericanNational  Standards Institute, table

2-3.
ASK —Application Specific Integrated Circuit
ATSC —Advanced Television Standards committee,

table 2-3.
AmC —Advanced Television Test Center, table 2-3.
Am —Advanced Television
BTA —Broadcast Technology Association
CM’S —Center for Advanced Television Studies,

table 2-3.
cm -Charge-Coupled Device
CCIR —Comite Consultatif  International des

Radiocomrnunications
CD -Compact Disk
DARPA —Defense Advanced Research Projects

Agency (DoD)
DAT —Digital Audio Tape
DBS —Direct Broadcast Satellite
DoD —U.S. Department of Defense
DRAM —Dynamic Random Access Memory
DSP —Digital Signal Processor
DVI —Digital Video Interactive
EBU —European Broadcasting Union
EDTV —Extended- or Enhanced-Definition

Television
EIA —Electronic Industries Association, table 2-3.
EIAJ —Electronic Industries Association of Japan.
FCC —Federal Communications Commission
FSS —Fixed Satellite Services
GHz -Gigahertz
HD-MAC —High Definition Multiplexed Analog

HRs
HDTV
IC
IDTV
IEEE

ISDN
ITFs

LCD
LPTV

MSO

Component
—High Resolution Systems
—High Definition Television
—Integrated Circuit.
—Improved Definition Television
—Institute of Electrical and Electronics

Engineers, table 2-3.
—Integrated Services Digital Network
—Instructional Television Fixed Service
—International Telecommunications Union
—Kilohertz
—Liquid Crystal Display
—Imw-Power Television
—Megahertz
—The Japanese Ministry of International Trade

and Industry
—Multiple System Operator

MMDs

MFAA

MUSE
NAB

N(XA

NTIA

NTsc
PAL
SECAM

SMATV
SMPTE

TvRo

VCR

VHs

—Multichannel Multipoint Distribution
Service

—Multi-media Terminals
—Motion Picture Association of America,

table 2-3.
—The Japanese Ministry of Posts and

Telecommunications
—Multiple sub-Nyquist  Sample Encoding
—National Association of Broadcasters, table

2-3.
—NationalCableTelevision  Association, table

2-3.
—Nippon Hoso Kyokai  (Japan)
—National Telecommunications and

Information Administration
—National Television Systems Committee
—Phase Alternation by Line
—Sequential Encoded Color Amplitude

Modulation
—Satellite Master Antenna Television
—Society of Motion Picture and Television

Engineers, table 2-3.
—Television Receive Only
—Ultra High Frequency
—Video Cassette Recorder
—Very High Frequency
—Video Home System
—Video Random Access Memory

Glossary
525/59.94; 625/50: The number of scan lines followed by

the field rate for the existing NTSC (U. S., Japan, etc.),
PAL (Europe except France, China, etc.), SECAM
(France, Soviet Union, etc.) color TV systems.

1050/59.94; 1125/60; 1250/50: The number of scan lines
followed by the field rate for various HDTV system
proposals, corresponding to the United States, Japan,
and Europe, respectively.

Active Matrix Liquid Crystal Display (AM/LCD): An
advanced type of liquid crystal display.

Advanced Television (ATV): Refers generically to all
the improvements in TV over today’s system, includ-
ing IDTV, EDTV, and HDTV.

Application Specific Integrated Circuit (ASIC):  A type
of integrated circuit produced in relatively limited
numbers for a specific application.

Artifact: An audio or video error or defect introduced
during the processing or transmission of a TV signal.

Aspect Ratio: the ratio of a screen’s width to its height.
Today’s TVs have a 4:3 aspect  ratio. HDTV systems
typically call for a 5:3 or 16:9 ratio.

–lo6-
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Bandwidth: The range of frequencies available for or
used to carry an electronic signal.

Beta: The first, but less popular, format for home VCRs.
Bit Rate: The rate at which digital data is carried or

transmitted, measured in units of bits (binary digits)
per second. This is the digital equivalent of an analog
bandwidth.

Broad Band: A signal that requires a large bandwidth to
be transmitted or equipment that must be capable of
receiving and transmitting accurately a signal with a
large bandwidth.

Broadcast Technology Association (BTA): An or-
ganization of private Japanese broadcasters and equip-
ment manufacturers.

C-Band: The range of frequencies from 4 to 6 GHz. See
figure 3-1.

Cable TV Labs: A lab setup by the N(2TA to test cable
systems, including those for ATV, table 2-3.

Charge-Coupled Devices (CCD):  A type of solid-state
electronic device used as a sensor in some types of
careers.

ClearVision: The Japanese EDTV system.
Comite Consultatif  International des Radiocommu-

nications  (CCIR): An organization under the ITU
which studies technical questions and issues recom-
mendations for international radio matters.

Compact Disk (CD): An opticaI storage medium used for
music and for computer data, among others.

Compatibility: The ability of one type of TV set to
receive and display the signals designed for another
TV system. See box 4-3.

Digital Audio Tape (DAT): A new technology that
records music on magnetic tape in a digital format.
DAT has many applications to computer data storage.

Digital Signal Processor (DSP):  A type of digital chip
that manipulates a video (in the case of HDTV) signal.
For the purposes here, this manipulation is usually to
either compress the signal so that it can be transmitted
or decompress it and turn it back into a viewable
picture.

Digital Video Interactive (DVI): A digital technology in
which the viewer can interact with the image being
shown. For example, a viewer might take a video
‘‘walk’ through a building being designed by an
architect and see the details of the interior or view the
building from any desired angle, at that person’s
discretion.

Direct Broadcast Satellite (DBS): It transmits TV
signals directly to satellite receiver dishes at viewer’s
homes. DBS is a high-power system that requires only
small dishes.

Downlink:  The transmission (or receiver system) from a
satellite.

Dynamic Random Access Memory (DRAM): A com-
puter memory chip. The capacity of DRAMs is
measured in bits—lKb  (1,000 bits), IMb (1 million

bits), etc. The storage capacity of a computer or other
systems is measured in bytes-1 KB, MB,  etc.—and
one byte equals 8 bits.

Eureka 95: The joint project to develop Am systems for
Europe.

European Broadcasting Union (EBU): A union of
European broadcast organizations whose purpose is,
among others, to develop standards for the exchange of
program material among its members.

Extended- or Enhanced-Definition TV (EDTV):  A
form of TV that provides a better picture than today’s
TV or IDTV using today’s broadcasts, but somewhat
less resolution than HDTV. EDTV requires modest
changes in today’s NTSC broadcast signal, but is
compatible with it while remaining within today’s
channel bandwidths. EDTV usually has a greater than
4:3 aspect ratio.

Federal Communications Commission (FCC): The
U.S. Government agency dealing with communica-
tions issues and allocation of the radio frequency
spectrum.

FCC Advisory Committee on Advanced Television
Service: The industry committee set up by the FCC to
make recommendations on advanced television system
broadcasting standards.

Fiber: Optical fibers used to carry information, usually in
the form of pulses of light.

Field: The alternate lines that compose half of a complete
television picture or frame. In the United States, fields
are shown at a rate of 59.94 fields per second; in
Europe, fields are shown at a rate of 50 fields per
second.

Fixed Satellite Services (FSS): Satellites that are as-
signed geostationary orbits and provide information
transmission services.

Frame: A complete television picture, including both
even and odd alternating scans. The frame rate in the
United States is 29.97 ties per second; in Europe, it
is 25 frames per second. If frames are shown at too
slow a rate, there can be an annoying flicker to the
picture.

Gigahertz (GHz): One billion cycles per second.
Headend: A cable TV system’s control center where

incoming signak  from satellites and other sources are
put on cables going to subscribers.

Hertz (Hz): Cycles per second. One kHz is 1,000 cycles
per second; one MHz is 1 million cycles per second;
one GHz is 1 billion cycles per second.

High Definition Multiplexed Analog Component (HD-
MAC): The European HDTV system for DBS deliv-
ery.

High Definition TV (HDTV): Usually defined as having
roughly twice the resolution of today’s TV systems, a
wider aspect ratio of 5:3 or more, and compact disk
quality sound.

High Resolution Systems or High Definition Systems
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(HRS): Information systems that provide a high
resolution visual image. See box 1-1 for examples.

HiVision: The Japanese HDTV system based on their
MUSE standard.

Improved Definition TV (IDTV): A television that uses
digital technologies to improve the picture seen even
with today’s conventional broadcasts.

Instructional Television Fixed Service (ITFS): A TV
delivery service by line-of-sight microwave that the
FCC licenses for use by educational institutions.

Integrated Services Digital Network (ISDN): A fully
digital telephone network now being implemented.
This system makes use of the existing copper wire
infrastructure but adds improved electronics which
allow much higher data rates to be carried.

Interlaced Scan: A technique which first shows all the
even lines of the TV picture or frame, and then shows
all the odd lines of the frame. Each set of lines
corresponds to one field. This allows the picture to be
shown without flicker while reducing the total band-
width necessary to transmit the picture.

International Telecommunications Union (ITU): An
intergovernmental organization with 164 member
countries, whose purpose is to develop regulations and
voluntary recommendations, provide coordination of
telecommunication development, and foster technical
assistance fo developing countries. The CCIR is one of
the organizations under the IT’U.

Kilohertz (kHz): One thousand cycles per second
Ku-Band: The range of frequencies between 11 to 14

GHz. See figure 3-1.
Liquid Crystal Display (LCD): The type of display used

on calculators and watches.
Low-Power TV (LPTV):  Stations licensed by the FCC

to use low transmitter power, usually in areas not
locally sewed by full-power stations.

Megahertz (MHz): One million cycles per second.
Multichannel Multipoint Distribution Service (MMDS):

A TV delivery system using line-of-sight microwave
with four or more channels operated by a single
company. MMDS is often called wireless cable’ and
is similar to I’I’FS  in operation.

Multi-media Terminals (MMT): Computer terminals
that can combine normal text and graphics with
near-real-time video images or other forms of visual
display.

Multiple System Operator (MSO): A company that
operates more than one cable TV system.

Multiplex: See box 3-1.
Multiple Sub-Nyquist  Sampling Encoding (MUSE):

The bandwidth compression technique developed by
Japan’s NHK to allow delivery of an HDTV quality
signal over a DBS system.

National Telecommunications and Information Ad-
ministration (NTIA): A U.S. Government agency
under the Deparrnent  of Commerce.

National Television Systems Committee (NTSC): The
industry group that defiied  the current U.S. B&Wand
then color TV standards. The NTSC system is used in
the United States, Cana@ Japan, and elsewhere.

Nippon Hoso Kyokai  (NHK): The national radio and
television broadcasting organization for Japan. Has
extensively funded and coordinated HDTV develop-
ment in Japan.

Optical Disks: Recording media including CDs that store
information in patterns of microscopic pits on the
surface of the disk, which can then be detected by a
solid state laser and detector system and reproduced as
sound, images, or data.

Pay Per View: Program services purchased by sub-
scribers on a per-program rather than per-month basis

Phase Alternation by Line (PAL): The type of TV
system used in most European countries (with the
notable exception of France), The People’s Republic
of China, Australia, and elsewhere.

Progressive Scan: A TV picture that is shown in a single
scan—the way we read a book-rather than by
alternately sending all even and all odd Lines as for an
interlaced scan.

Resolution: A measure of a picture’s detail.
Satellite Master Antenna Television (SMATV): Or

‘‘private cable”; a miniature cable system that receives
programming by satellite and serves a housing com-
plex or hotel.

Sequential Encoded Color Amplitude Modulation
(SECAM):  The TV system used today in France, the
Soviet Union, and elsewhere.

Taboo Channel: A TV channel left unused in order to
prevent interference on adjacent active TV channels in
the same geographic area.

Television Receive Only (TVRO):  A satellite receiving
antema,  also known as a downlink or a bac~ard dish.

Transponder: A satellite component that receives and
retransmits a TV signal or perhaps many narrower-
band data channels.

Ultra High Frequency (UHF): The band including TV
channels 14 through 83. See figure 3-1.

Uplink:  The transmission or corresponding equipment to
a satellite for relay.

Very High Frequency (VHF): The band including TV
channels 2-13, which are more powerful than UHF
channels. See figure 3-1.

Video Cassette Recorder (VCR): Piece of equipment
used for recording and replaying TV broadcasts or
prerecorded video materhd at home.

Video Home System (VHS): The most common format
for today’s VCRs.

Video Random Access Memory (VRAM):  A type of
memory chip similar to a DRAM, that is optimized for
high-speed handling of video images.

Sources include: “Behind the Buzzwords,” Channels/Field Guide,
1989; and “Everyone’s Thlking About HDTV, But What &e The
Facts?” Ampex, Redwood City, CA, 1989.


