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Consumer Electronics

Jeffrey A. Hart

member of the family of electronics indus-

tries. Consumer electronics products are di-
verse, ranging from the simplest electronic calcula-
tors and watches to the almost professional-quality
equipment purchased: by audiophiles and
videophiles. The Consumer Electronics Show held
each year in Las Vegas by the U.S. Electronic In-
dustries Association (EIA) has thousands of exhibi-
tors from dozens of countries. Each year several
new product categories are introduced as some en-
trepreneur finds yet another way to apply micro-
electronics technology to meet (or create) consumer
demand. Table 5.1 is a classification of consumer
electronics equipment used by the EIA.

The two main groups of products in the con-
sumer electronics industry are audio and video
equipment. In recent years, however, there has
been rapid growth in home information systems.
An increasing share of consumer electronics sales
is in video games and home computers. Further
miniaturization of circuitry and displays is making
possible a new set of consumer electronics prod-
ucts called personal electronics—such as notebook
and palmtop computers—which are relatively in-
expensive and highly portable, and bring to the
individual consumer capabilities previously avail-
able only to larger business customers. Coupled
with the development of cellular telephone net-
works and other wireless communication systems,
this is likely to make the market for advanced por-
table electronics more important at home, at work,
and at play. Some of the boundaries between con-
sumer and industrial products are breaking down

, thanks to the increasing use in both of digital cir-
cuitry and their connection to telecommunications
networks. It will eventually become necessary to
think of the market in terms of the portability of

The consumer electronics industry is a large
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products rather than in terms of the location (e.g.,
home, factory, office) of their end users.

Audio and video equipment are important
sources of high-volume demand for electronics
components that are also used in computers and
telecommunications equipment. Displays—par-
ticularly cathode ray tubes (CRTs) and liquid crys-
tal displays (LCDs)—are necessary components in
both televisions and computers, but they are in-
creasingly found in telephones, telecommunica-
tions equipment, medical equipment, and military
electronic systems. Similarly, many types of semi-
conductor components are common to all kinds of
electronic systems. Although consumer electronics
equipment has not always required the same kinds
of transistors and integrated circuits that are used
in computers and telecommunications equipment,
in recent years the types of chips used in both cat-
egories of products have begun to converge. For
example, one is much more likely to find micro-
processors and memory devices (and other forms
of digital circuitry) in the current generation of
consumer products than in the past.

Market for Consumer Electronics Equipment

The consumer electronics market has been charac-
terized by sustained rapid growth and major shifts
of market share among producer regions. The con-
sumer electronics industry in the United States
went from a position of global dominance after
World War II to extreme weakness. The consumer
electronics industry in Europe experienced strong
competitive pressures from Asian producers in the
1970s and responded with a combination of highly
concentrated ownership, government subsidies for
R&D, and barriers to trade and inward investment
(including the use of incompatible European stan-
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dards). The next round of competition in consumer
electronics products is likely to involve a new set
of video technologies connected with high-defini-
tion television (HDTV). HDTV receivers will differ

'i'able 5..1 Classification of Consumer Electronics
Products

I Video equipment
Color television receivers
Monochrome television receivers
Projection television
LCD or hand-held television
Video cassette recorders (VCRs)
Color cameras
. Video disc players
H. Blank video cassettes
II. Audio equipment
Audio systems
Audio components
Home radio
Portable audio equipment
Car audio ’
Blank audio cassettes
IIL Home computers
IV. Video and electronic games
V. Telephones
VL Calculators and watches

>
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Source: U.S. Electronic Industries Association.

from the current generation of televisions by im-
proved picture quality achieved through doubling
the horizontal and vertical resolution of video im-
ages, widening the screen, and high-fidelity digital
stereo sound. The market for HDTV products is
projected to develop first in Japan, but it will even-
tually spread to all other regions. The technologies
underlying HDTV products will be more closely
linked to those necessary for competitiveness in
computers and telecommunications equipment
than were the technologies underlying the current
generation of video equipment. For this reason, the
United States and Europe are interested in enhanc-
ing their HDTV capabilities and are trying to com-
pensate for their late starts.

The United States and Europe are the world’s
two largest markets for consumer electronic equip-
ment. Sales of consumer electronics in the United
States increased from about $8 billion in 1977 to
around $33 billion in 1990 (see Table 5.2). Sales of
televisions, VCRs, and camcorders—the main
video products—made up around 29 percent of the
total market for consumer electronics in the United
States in 1990. The largest segment of this market
was color televisions, of which about 21 million
units worth $6.4 billion were sold. The market for
video cassette recorders (VCRs) at $2.4 billion in
1990 was the third largest segment, after car audio

Table 52 Factory Sales of Consumer Electronics Products in the United States, Including Imports, 1977-90

(US$ millions)

Video

Mono. Color Projection disc  Audio

Audio

Home Portable Car Audio Video

Year TVs TVs TVs VCRs players systems components radio audio audio casseites cassettes Other* Total
1977 530 3,289 0 180 0 606 1,275 523 1,208 534 0 0 "0 8145
1978 549 3,674 0 32 0 748 1143 436 1649 582 0 0 0 9107
1979 561 3,685 0 389 0 748 1,178 436 1,739 623 0 0 0 935
1980 588 4210 0 621 0 809 1424 468 1403 17368 0 0 7 10891
1981 S05 4349 287 1127 55 720 1363 501 1157 2000 227 0 191 12291
1982 507 4253 236 1303 54 573 1,181 530 971 2100 202 357 1,810 14,077
1983 465 5002 268 2162 81 630 1,268 565 1,102 190 234 580 3,065 17322
1984 419 5538 385 3585 45 976 913 661 1,191 2500 256 770 3,780 21,019
1985 328 5565 488 4738 23 1372 1132 379 1,140 2761 270 1,055 582 25073
1986 373 6,040 529 3978 26 1370 1358 408 1389 3135 300 1235 6,058 27,479
1987 341 6303 527 3442 26 1048 1715 409 1469 3523 375 1,006 6446 29,023
1968 236 6,277 529 2848 34 1,225 1854 377 1547 3937 367 936 7261 30,247
1989 156 6530 478 2625 50 1217 1871 379 1595 4125 384 923 8497 31,666
1990 132 6376 626 2439 72 1,270 1,935 360 1645 4292 376 948 9354 32937

a. This category includes personal computers and some other items that may be used for business purposes rather than
for personal entertainment. The Electronic Industries Association began to count personal computers only in 1982,

which helps account for the rapid growth in this area.

Source: 1987 Electronic Market Data Book, Washington, D.C., Electronic Industries Association, 1987, p. 6; 1988 Electronic
Market Data Book, Washington, D.C., Electronic Industries Association, 1988, p. 6; The U.S. Consumer Electronics Industry

in Review: 1991 Edition, Washington, D.C., Electronic Industries Association, 1991, p. 9.



systems. As in the United States, the European
consumer electronics market comprises mainly
video products. About 16 million color televisions,
worth $9.5 billion, were sold in 1986. The United
Kingdom, France, Germany, and Italy all had pur-
chases of over 2 million units each in 1986. To-
gether, these four countries accounted for 70
percent of the total European market for televi-
sions. In Europe in 1986, 7.2 million VCRs were
sold, the total value of which was $5.1 billion, of
which the United Kingdom, France, Germany, and
Italy accounted for around 70 percent.!

There are major imbalances between the geo-
graphical location of production and consumption
of consumer electronics equipment. High con-
sumption of televisions and VCRs in the United
States and Europe, along with limited local pro-
duction only of televisions, results in these two
largest world markets’ being net importers of con-
sumer electronic equipment. The United States has
a particularly large trade deficit in consumer elec-
tronics. In 1987, for example, the United States im-
ported $13.6 billion more than it exported in
consumer electronics, up from $7.9 billion in 1983.2
Of the 10 million VCRs sold in the United States in
1990, over 90 percent were imported directly,
mainly from Japan and the Republic of Korea. Less
than 10 percent were assembled from imported
parts. Since larger televisions are increasingly as-
sembled or manufactured in the United States, the
largest part of the US. trade deficit in consumer
electronics is attributable to imports of VCRs.? The
U.S. trade deficit in consumer electronics declined
to around $10 billion in 1989 and 1990, thanks to
increased local manufacturing of previously im-
ported products, mainly televisions. Japan had an
overall surplus in consumer electronics of about
2.5 trillion yen in 1990 (see Table 5.3). The United
States is by far the most important single destina-
tion for Japanese exports.* However, Japanese ex-
ports of consumer electronics were hurt by the
revaluation of the yen in 1985; they dropped from
3.5 trillion yen in 1985 around 2.2 trillion yen in
1988, but partly recovered to 2.6 trillion by 1990.
Since imports were almost negligible in Japan,
even with the recent growth of imports from
Southeast Asia, the trade surplus also dropped be-
tween 1985 and 1988 by about 1.3 trillion yen (see
Table 5.3).

Production of Consumer Electronics Equip-
ment

World production of consumer electronics equip-
ment totaled $63 billion in 1990. This represents
around 11 percent of world production in electron-
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ics in general (see Tables 5.4 and 5.5).5 Consumer
electronics production grew at an average rate of
10.6 percent per year between 1985 and 1990, but
slowed down in 1989-90. Japan had the largest
share of global consumer electronics produc-
tion—around 49 percent in 1990. Newly industrial-
ized economies (NIEs) in Western Europe and Asia
had roughly equal shares, around 20 percent each,
in that year. The United States produced a little
over 10 percent of the global total of consumer
electronics equipment (see Table 5.5).

Of the world’s 10 largest producers of color tele-
visions in the early 1980s, 5 were Japanese (see
Table 5.6). Philips was the world’s largest single
producer in 1982, but Matsushita was a very close
second. Philips owns 25 percent of Grundig and
since 1985 has controlled that firm. The purchase
of GE/RCA by Thomson in 1988 made Thomson'’s
total production approximately equal to that of the
third ranked firm—Sony. Zenith was the only U.S.
firm in the top 10 in 1982. With the closure of its
U.S. assembly operations in the United States in
1992, Zenith became dependent on its Mexican op-
erations and on an alliance with Lucky Goldstar of
Korea to maintain its share of world markets.

Declining Production in the United States

The U.S. consumer electronics industry, which
had led the world into the radio and television
ages, is now only a shadow of its former self. This

Table 5.3 Balance of Trade in Consumer Electronics,
Japan, 1987-90
(yen trillions)

Year Exports Imports Balance

1978 1352 0.021 1331
1979 1480 0.037 1.443
1980 2.047 0.038 2.009
1981 2.600 0.033 2.567
1982 2.620 0.026 2594
1983 2.829 0.020 2.809
1984 3495 0.023 3472
1985 3.805 0.024 3.781
1986 2940 0.032 2.908
1987 2317 0.061 2.256
1988 2.208 0.098 2118
1989 2.287 0.145 2142
1990 2618 0.113 2.505

Source: Facts and Figures ‘88, Tokyo Electronic Industries
Association of Japan, 1988, pp. 36-45; Facts and Figures
‘91, Tokyo, Electronic Industries Association of Japan,
1991, pp. 4243, and 46-47.
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Table 5.4 Total Electronics Production by Selected Region, 1984-90

(USS billions)
Region 1984 1985 1986 1987 1988 1989 1990
DUnited States 169 166 175 190 201 205 211
) Japan 71 75 108 129 166 165 165
Western Europe 79 87 116 140 150 151 155

Newly industrialized economies 16 2

Total 335 349

z 38 49 57 60

426 497 566 578 591

Source: Facts and Figures on the Japanese Electronics Industry, Tokyo, Electronic Industries Associaton of Japan, 1988, p. 17;
Facts and Figures ‘91, Tokyo, Electronic Industries Association of Japan, 1991, p. 115.

Table 55 Consumer Electronics Production by Selected Region, 1984-90

(USS billions) .
Region 1984 - 1985 1986 1987 1988 1989 1990
United States 64. 57 63 6.1 72 6.2 6.4
Japan 19.9 204 261 72 332 205 30.6
Western Europe 7.0 71 101 121 125 121 123
Newly industrialized economies — 6.0 77 106 129 133 136

Total - 39.2 502  56.0 658 621 62.9
— Not available.
Source: Same as Table 5.4.

Table 5.6 Top Ten Producers of Color TVs World-
wide, 1982

Production
Firm Country (thousands)
Philips Netherlands 4,600
Matsushita Japan 4,500
Sony Japan 3,400
Toshiba Japan 2,800
Hitachi Japan 2,500
RCA United States 1,800
Zenith United States 1,800
Thomson France 1,700
Sanyo Japan 1,600
Grundig . Germany 1,600

Source: BIS-Mackintosh as cited in Jacques Pelkmans and
Rita Beuter, “Standardization and Competitiveness: Pri-
vate and Public Strategies in the EC Colour TV Indus-
try,” paper prepared for the INSEAD symposium,
Product Standardization as a Tool of Competitive Strat-
egy, June 9-10, 1986, p. 26. .

can be attributed largely to a failure in the mana-
gerial vision of U.S. firms. In particular, U.S. firms’
analysis of the Japanese threat in consumer elec-
tronics focused too much on labor costs and not

enough on the incorporation of new technologies.
U.S. television firms tried to get around their high
labor costs by manufacturing in low-wage coun-
tries. While this was rational in the short run, it
put the firms on a technological trajectory that was
disastrous in the long run. US. firms also failed to
see the importance of new component technolo-
gies in television, and did not recognize in time the
market potential of VCRs. Besides greater reliabil-
ity and lower production costs that were at the
root of the increased Japanese global competitive-
ness in consumer electronics, Japanese trade and
investment barriers, along with weak enforcement
of trade laws by the U.S. government speeded the
decline of the US. industry. Japanese firms en-
gaged to some degree in dumping consumer elec-
tronics products on U.S. markets from the early
days of their entry. Japanese markets were closed
to U.S. producers by high tariff and nontariff barri-
ers during this period, and no U.S.-owned televi-
sion firm was permitted to establish a
manufacturing presence in Japan.

THe Devast oF U.S. TELEVISION MANUFACTURING. At
the beginning of the 1950s, there were 140 firms in
the U.S television manufacturing industry; only 50
remained by 1956, 27 by 1960, and 5 by 1980.¢ The
number of workers in the industry declined from a



high of 100,000 in 1966 to 33,000 in 1984.7 As of
1986, only three U.S.-owned firms—Zenith, RCA,
and Curtis Mathes—manufactured televisions in
the United States. In 1987, RCA’s television manu-
facturing facilities were acquired by General Elec-
tric (GE) and then sold in January 1988 to
Thomson, a French firm. By the late 1980s, the only
remaining U.S.-owned television manufacturing
was Zenith (see Table 5.7). In the late 1980s, Zenith
operated its television manufacturing operations at
a loss, because of low prices in the industry as a
whole. Thomson suffered financial losses in the
U.S. market for the same reason. Zenith sold its
more profitable computer business (Zenith Data
Systems) to Groupe Bull of France in 1990 in order
to stay in the television business. It solicited new
investments in 1991 from a Korean firm, Lucky
Goldstar, to ward off a hostile buy-out by a New
Jersey-based air conditioner company. In 1992,
Zenith closed its U.S. plants and relied entirely on
its factories in Mexico. It has entered an alliance
with AT&T to develop a viable HDTV system for
the United States. If Zenith’'s HDTV efforts fail to
result in renewed profitability in the next three to
four years, the firm will probably be sold or
liquidated.

Some of the relative decline of the U.S. televi-
sion industry can be attributed to a shift in pro-

Table 5.7 The Fifteen Top Television Brands in the
U.S. Color TV Market, 1989

Market share
Firm (percentage)
RCA (Thomson) 163
Zenith 120
Magnavox (Philips) 6.4
Sony 6.4
General Electric (Thomson) 5.6
Sears, XLI 5.0
Sharp 48
Mitsubishi 36
Emerson 35
Toshiba 35
Sylvania (Philips) 33
Panasonic 3.2
Montgomery Ward 25
Hitachi 25

Goldstar .21

Note: Sears and Montgomery Ward purchase televisions
mainly from Asia and European producers and then put
their own brand names on them.

Source: Television Digest as cited in The New York Times,
March 10, 1990, p. 17.
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duction to low-wage developing countries. This is
particularly true of lower-priced audio equipment
and televisions. In the late 1960s, most of the major
U.S. television manufacturers began to locate
plants for final assembly in low-wage countries in
Asia and Latin America (mainly in Mexico). Firms
that established assembly plants overseas for pro-
duction of exports to the United States did not
have to pay export duties on parts sent to those
plants and only paid U.S. import duties on the
value added abroad. All production of mono-
chrome receivers was soon relocated offshore,
while production of color receivers remained, for
the most part, in the United States. The offshore
products were converted more quickly to
semiconductor components than the domestic
products, creating expertise in manufacturing tran-
sistorized televisions in the wrong (from the U.S.
viewpoint) places. Moreover, heavy reliance on
offshore assembly led to slow introduction of
automated insertion equipment and single-board
chassis. The offshore operations, mainly in Mexico
and East Asia, were at the time not considered
sufficiently reliable for single-board chassis
assembly.

The largest single source of television exports to
the United States in 1990 was Mexico. Most of
these exports came from the magquiladora plants in
Northern Mexico. Under Mexican law, firms that
assemble products solely for export do not have to
pay import duties. Under the U.S. tariff code, firms
that establish plants overseas for production of
exports to the United States do not have to pay
export duties and pay only import duties on the
value added abroad. Accordingly, all the major
firms involved in supplying consumer electronics
products to the United States have located assem-
bly plants below the border with Mexico to take
advantage of U.S. and Mexican laws. The main in-
centive for doing this is to reduce direct labor costs
in the assembly phase of manufacturing. In 1987,
there were about 1,250 maquiladoras employing
330,000 workers.? Only 30 of these were owned by
Japanese firms, but about 19 percent of all
maquiladora workers were employed by those
firms.? Zenith has a large maquiladora, which pro-
duced around 60 percent of all the televisions it
sold in the United States. After the closure of its
assembly plants in the United States in 1992,
Zenith's Mexican facility will be assembling all the
televisions it sells in the United States. Both Philips
and Thomson also have Mexican plants, but the
domestic content of their products (domestic over
total value added) is actually higher than
Zenith’s.'® The magquiladora system not only allows
the consumer electronics firms to reduce their as-
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sembly costs, it is a useful way of reminding U.S.
workers of the need to keep their productivity high
in order to justify their higher wages.

These movements, however, have been to some
extent offset by foreign companies setting up tele-
vision plants and R&D in the United States. Al-
though only a little more than 12 percent of the
total television market is supplied by U.S.-owned
firms, approximately 70 percent of the value of
televisions sold on the U.S. market is estimated to
be domestic in origin. The reason is that most for-
eign firms have set up plants in the United States
to manufacture picture tubes and cabinets and to
assemble televisions locally. The tube and the cabi-
net combined with the local labor costs are the
main contributors to the domestic content of tele-
visions sold in the United States. The circuitry in
televisions contributes only about 5 to 7 percent of
the manufacturing costs of an average television.
Very little of this circuitry is produced in the
United States. U.S. final assembly operations were
established by the major Japanese producers in the
following sequence: Sony in 1972, Matsushita in
1974, Sanyo in 1976, Mitsubishi in 1977, Toshiba in
1978, and Hitachi and Sharp in 1980. With the ex-
ception of Matsushita’s purchase of Motorola’s
Quasar division in 1974, all the Japanese facilities
are new ones. The Korean firm, Lucky Goldstar,
built an assembly plant in California in 1981.
Philips and Thomson established their presence in
the United States mainly through acquisitions of
US. firms. Philips purchased Magnavox in 1975
and Sylvania in 1981. Thomson bought RCA/GE
consumer electronics from GE in 1988. Thus, every
major supplier of consumer electronics to the
United States has at least an assembly operation in
the United States. Some—like Philips and
Thomson~~have a major research facility, as well
as components manufacturing operations. Of the
Japanese firms, only Sony has invested in a major
R&D facility for consumer electronics in the United
States.

The main challenge to the U.S. television indus-
try, however, has not been from low-wage coun-
tries, rather mainly from Japan, whose share of
consumer electronics production in 1990 was 49
percent (see Table 5.4). Of the top 10 firms produc-
ing color televisions in the early 1980s, 5 were
Japanese (see Table 5.6).1! Japan also leads in pro-
duction of higher-priced televisions, VCRs, and
camcorders.

The success of Japanese televisions in the U.S.
(and other) markets is the result of technological
and marketing strategies on the part of Japanese
firms, along with some predatory pricing (docu-
mented in a series of successful but unenforced

antidumping petitions).!? Of primary importance
was the early replacement of vacuum tubes with
semiconductors. Sony Corporation sold the first
all-transistor monochrome television in 1959. Soon
after, all the larger Japanese electronics firms
(Matsushita, Mitsubishi, Hitachi, Toshiba, Sharp,
and Sanyo) introduced transistorized monochrome
receivers. A U.S. manufacturer, Motorola, devel-
oped the first prototype solid-state color television
in 1966, but Hitachi was the first to produce a com-
mercial solid-state color television in 1969. By 1970,
90 percent of all color televisions produced in Ja-
pan were solid-state.’® Semiconductor technology
was more amenable than vacuum tubes to auto-
mation of assembly. Development of devices for
automatically aligning and inserting semiconduc-
tor components on circuit boards was pioneered
by Japanese firms in the late 1960s. The first gen-
eration of such equipment was operating by 1968,
and it was manually rather than automatically con-
trolled. A second generation was produced in 1972
that was much faster, but was still controlled
manually. The third generation was about 10 times
faster than the first generation and allowed for lim-
ited numerical or computer control of the insertion
process.' In a related development, large-scale in-
tegrated (LSI) circuit technology allowed semicon-
ductor manufacturers to put more transistors on a
single device, and Japanese television producers
were able to substantially reduce the number of
parts and circuit boards per television set. For ex-
ample, it was only in the mid-1980s that General
Electric was able to put the circuitry for its color
televisions on a single board, whereas Japanese
firms had been doing so since 1976. The switch to
single-board chassis further reduced the labor time
required for assembly.1®

Japanese firms began to market televisions in
the United States in the early 1960s, but they
mainly confined sales to smaller units (with
screens smaller than 19 inches) sold through de-
partment stores or large electronics retailers rather
than through licensed distributors. At first, these
sets sold because they were simply cheaper than
their U.S.-made counterparts. However, they used
tubes and the circuit designs were inferior to U.S.
products. Soon, however, tubes were replaced first
with transistors and then with integrated circuits,
circuit designs continuously improved, and televi-
sions became more reliable and required less main-
tenance and servicing. During the mid-1970s, for
example, U.S.-made color televisions were failing
at five times the Japanese rate.1¢ By 1977, the num-
ber of faults discovered in production were 1.4 to
2.0 per set in the United States and only .01 to .03
in Japan.’



The greater reliability and durability of Japanese
sets made it possible to sell them widely without
building an extensive service network. The service
networks of the U.S. manufacturers were thus con-
verted from a barrier to entry for foreign firms to a
financial liability. US. firms spent a considerable
effort maintaining the distributor networks in the
belief that their main customers would continue to
demand larger sets with higher-quality pictures,
which would necessarily require more servicing
than their Japanese or East Asian competitors were
offering, that consumers did not care about semi-
conductor componentry as much as they cared
about the size and quality of the picture, and that
semiconductors would not be as reliable as tubes.
US. firms, therefore, kept color television produc-
tion in the United States after they moved black-
and-white television production offshore, and they
were slow to introduce semiconductor components
and to reduce the number of circuit boards, and
they underestimated the ability of Japanese firms
to produce televisions with semiconductor compo-
nents and to move up from simple black-and-
white sets to small color sets and finally to larger
color sets. In this respect, they resembled their col-
leagues in the automobile industry who were will-
ing to concede the market for low-priced
subcompact vehicles to Japanese competitors in the
belief that they would continue to have produc-
tion-cost and distribution advantages in high-
priced vehicles. But in actuality, Japanese firms
quickly applied the lessons they learned in com-
peting in the low-end markets to higher-end prod-
ucts, while U.S. firms were cutting themselves off
from this important source of learning,.

THE STrLLBRTH OF THE U.S. ViDEO RECORDER INDUS-
TRY. Despite the mistakes made in television pro-
duction, the U.S. consumer electronics industry
might still have been able to hang on, had a few
US. firms been able to shift their activities from
television to VCR production in the 1970s. The
story of Ampex Corporation illustrates how this
did not happen.’® Ampex owned all of the patents
required for producing video recorders and used
those patents to dominate the markets for profes-
sional video recording equipment sold mainly to
television broadcasting stations, but it was unable
to turn that technological advantage into a com-
mercial one in the vast consumer market for VCRs
that arose in the 1980s.

Like many other U.S. firms, Ampex attempted
to get around patent and marketing problems in
Japan by forming a joint venture in 1960 with a
Japanese firm, Sony. Sony would produce a por-
table version of the Ampex professional recorder
in exchange for Japanese production of Ampex re-
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corders for nonbroadcasting customers. This ven-
ture was of only limited success, especially after
Sony introduced a transistorized recorder of its
own in 1961. In 1968, Ampex management decided
to make a strategic shift toward producing a video
recorder for the consumer market, scrapping the
development of a new professional video recorder,
the VR-7700, in favor of a consumer-oriented ma-
chine called the “Instacorder” which used half-inch
tape, and was compact, easy-to-use, and self-load-
ing. While the enginrers in California and Illinois
developed a prototype, a number of business ar-
rangements for financing and marketing the prod-
uct were attempted. Toamco, a joint venture
between Ampex and Toshiba, was formed in 1964
to manufacture Ampex-designed professional tape
recorders and computer tape units that were sold
by Toshiba in Japan and by Ampex elsewhere.
Toamco was not doing well financially in the late
1960s and was given the task of producing the
Instavideo. This decision was governed by con-
cerns over cash and engineering personnel short-
ages in Ampex, by the desire to avoid a deal with a
U.S. firm that could become a domestic competi-
tor, and by the need to produce a machine that
was compatible with the emerging standard for
video recording tape, a half-inch format called the
EIAJ-Type 1, which had been pioneered by the
Japanese.l?

The first Instavideo machine was demonstrated
at the Americana Hotel in New York on September
2, 1970. The machine used an automatic-loading
cartridge system—rather than a cassette—with a
tape capacity of 60 minutes extended play. It
weighed less than 16 pounds, and included a
monochrome television camera. The tape was com-
patible with the EIAJ-Type 1 standard. The unit
with camera was priced at $1,500, without at
$1,000. The demonstration was a smashing success.
Ampex stock increased in value by 45 percent and
the firm was able to use the enthusiasm after its
new product announcement to ward off financial
difficulties for a few more months.2

By the beginning of 1971, however, Toamco was
having difficulties producing the Instavideo, while
Ampex was experiencing severe financial difficul-
ties. In addition, Matsushita had marketed a
cheaper video recorder at about that time, taking
some of the luster off the Ampex Instavideo an-
nouncement. Also, sales of Ampex magnetic tape
and consumer audio equipment plummeted as
cheaper imports had come onto the market.
Ampex became overly dependent on debt capital
to finance some of its acquisitions, and by the end
of 1971 it reported a loss of $12 million, which rose
to $90 million in 1972. In order to restore the firm
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to fiscal soundness, management cut back
Ampex’s expenditures and investments. One of the
projects that was cut was the Instavideo project,
which ended the chances for any U.S.-owned firm
to participate in the breathtaking growth of the
home video recorder market.

The inability of Ampex to commercialize its lead
in video recorder technology, therefore, was pri-
marily a function of poor management leading to
financial weakness. The joint venture with Toshiba
hastened the diffusion of U.S. VCR technology to
Japan. Reportedly, Ampex was approached by
Magnavox before it decided to go with the joint
venture with Toshiba, but it decided in favor of the
Toshiba deal because it thought that the Japanese
firm was less likely to be a serious competitor in
the future.2 Larger U.S. firms, such as RCA, GE, or
Zenith, apparently did not have the vision to see
the future of VCR markets and did not attempt to
acquire Ampex or to salvage the Instavideo project
by purchasing the VCR technology. The subse-
quent failed efforts of RCA to market a video disc
system suggest that even by the late 1970s the large
U.S. consumer electronics firms had not developed
a proper understanding of the nature of consumer
demand for home videotape systems. GE appar-
ently did not perceive a great future for its con-
sumer electronics operations. Japan’s earlier
successes in cameras and optical equipment, to-
gether with its growing strength in VCRs, paved
the way for success in video cameras and projec-
tion televisions in the 1980s.

ImpacT oF THE DecLINE OF THE U.S. ConsuMER ELEc-
TRONICS INDUSTRY ON U.S. CompeTimiveness N Eiec-
tRONICS. The decline of the U.S. television industry
hurt the ability of U.S. firms to compete in follow-
on products like VCRs and video cameras. In addi-
tion, the loss of the consumer electronics industry
eventually handicapped the U.S. semiconductor in-
dustry in its efforts to compete with Japanese
firms. Semiconductor producers in the U.S. were
not able to keep up with the state of the art in
high-volume composite metal oxide on silicon
(CMOS) process technology, nor were they able to
match the developments in optoelectronics (and
particularly CCDs or charge-coupled devices), lig-
uid crystal displays (LCDs), and consumer-
oriented analog circuitry.2

One important result of the failure of U.S. con-
sumer electronics was to reduce the proportional
importance of consumer demand in total demand
for semiconductors. Whereas consumer end use
accounted for more than 40 percent of total con-
sumption of semiconductors in Japan in 1988, the
same figure for the United States was around

7 percent.2 To the extent that the structure of con-
sumption of semiconductors in Japan differs radi-
cally from that of the United States, it remains
difficult for U.S. firms—which have specialized in
products for the computer, telecommunications,
industrial, and automotive markets—to penetrate
Japanese markets. Japanese firms have used this
fact to explain why U.S. penetration of the Japa-
nese semiconductor market has remained lower
than 15 percent, despite a 30 to 40 percent share of
the European market.2¢

The current generation of consumer-oriented
semiconductors are quite different from the semi-
conductors used in computers, telecommunica-
tions, or other end uses. They tend to involve
analog rather than digital circuitry. Digital tech-
niques are increasingly important in consumer
electronics, however, so the gap between consumer
and nonconsumer componentry is rapidly decreas-
ing. Portable consumer electronics products use
integrated circuits that dissipate less electrical
power, such as CMOS devices. CMOS-based con-
sumer products can be battery-operated and very
compact. The Japanese dominance of consumer
markets, therefore, has contributed to their domi-
nance of markets for CMOS semiconductors and
downstream products like laptop computers,
which depend heavily on CMOS technology.?

Another example was the growth in demand for
hand-held LCD televisions. In 1984, only 32,000
LCD televisions were sold in the United States. By
1986, 771,000 LCD televisions were sold in the
United States, all of them imported from Japan. In
1986, Japanese firms produced over 1.7 million
LCD televisions. They had been able to descend
their learning curves for production of LCDs so
quickly that it was difficult for their foreign com-
petitors to enter the market for LCD televisions.
LCDs are used also in laptop computers, so it was
harder for many U.S. computer firms to enter
laptop markets successfully because they had to
purchase LCDs from Japanese competitors (or at
least from potential competitors).2¢

Weakness in U.S. consumer electronics produc-
tion has had other repercussions besides reducing
the volume of domestic demand for electronic
components like CMOS integrated circuits and
LCDs. By exiting consumer markets, U.S. electron-
ics firms missed an important opportunity to learn
how to implement new production methods for
high-volume production of electronic systems.
High-volume consumer electronics production in
Japan has driven innovations not only in auto-
mated insertion for assembly of printed circuit
boards, but also in successor technologies like sur-



face-mount technology (SMT), tape-automated
bonding (TAB), amorphous and polysilicon pro-
cessing, and chip-on-glass (COG) technology.?

Emergence of Japan as a Major Producer

Driven by technological innovation and success-
ful market strategies discussed above, Japanese
production of consumer electronic equipment rose
dramatically between 1967 and 1990 (see Table
5.8). In 1967, Japan produced 1.3 million color tele-
visions. Production of color televisions peaked in
1985 at 17.9 million units, but fell back to around
14 million in the next two years.?® Because Japa-
nese firms were able to dominate VCR and audio
equipment markets in the 1980s, they were able to
increase overall production of consumer electron-
ics even though the production for televisions sta-
bilized. VCR production in terms of value first
exceeded production of televisions in 1981. By
1987, VCR production was almost twice the value
of television production. VCR production began to

Table 58 Production of Consumer Electronics Equip-

ment in Japan, 1967-90
(yen billions)
Year TVs VCRs Total
1967 133.2 0 133.2
1968 278.6 0 278.6
1969 503.7 0 503.7
1970 6813 0 6813
1971 6082 0 608.2
1972 715.0 0 715.0
1973 6862 0 686.2
1974 615.1 0 615.1
1975 5845 0 584.5
1976 768.1 0 768.1
1977 700.8 0 700.8
1978 6173 204.1 8214
1979 640.8 296.2 937.0
1980 7119 562.8 1,274.7
1981 739.0 1,086.8 1,825.8
1982 683.1 1,285.0 1,968.1
1983 684.6 1514.0 2,198.6
1984 755.8 2,090.0 28458
1985 897.1 1,889.2 2,786.3
1986 738 1,659.4 2,383.2
1987 765.1 1,2415 2,006.6
1988 814.1 1,2120 2.026.1
1989 8193 1,1346 1,953.9
1990 874.6 1,078.5 1,953.1

Source: Facts and Figures, Tokyo, Electronic Industries
Association of Japan, 1988 and 1991.
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drop off in value in the mid-1980s, despite the fact
that volume continued to increase. The average
selling price of VCRs declined substantially in the
mid- to late 1980s, thanks partly to increased com-
petition from the Asian NIEs. Overall production
of consumer electronics continued to increase
slowly in the 1985-87 period, but exports declined
and imports rose after 1986. New video equipment
{camcorders, projection televisions, and other
items) partially compensated for the decline in vol-
ume of sales of audio equipment, televisions, and
VCRs.

The largest producers of consumer electronic
equipment in Japan are Matsushita, Sony, Toshiba,
Sanyo, Sharp, Mitsubishi, NEC, and Hitachi. All
these firms, with the possible exception of Sony,
are vertically integrated electronics companies
with ties to larger units called keiretsu, groups of
firms clustered around a leading bank. They all
produce a significant proportion of the semicon-
ductor components used in their own consumer
products. Japanese strength in semiconductors has
been an important reason for the continued growth
of their consumer electronics business. All the ma-
jor firms, again with the exception of Sony, are
quite diversified.

European Production

Despite similar patterns of overall production
and consumption, a major difference between Eu-
rope and the United States is that the major Euro-
pean consumer electronics firms were able to
survive in the presence of Asian competition. Only
14 percent of the European market for color televi-
sions was supplied by Japanese firms in 1976.
Tables 5.9 and 5.10 list the main European produc-
ers of color televisions and VCRs.

The European consumer electronics industry
survived primarily on the basis of extensive gov-
ernment assistance in various forms, including
R&D subsidies, the promotion of mergers and ac-
quisitions, the granting of exclusive patent rights
for European standards, and a variety of trade and
investment barriers to keep out Asian competi-
tors.? The two most important European
firms—Philips and Thomson—produced a sub-
stantial number of televisions and VCRs in Europe
and in North America. Their strategy included a
strong commitment to local production in North
America as part of a global defense against Asian
competition. Philips purchased two large U.S. tele-
vision firms: Magnavox in 1975 and Sylvania in
1981. Thomson purchased the consumer electron-
ics operations of RCA/GE in 1987, which made it



66 Consumer Electronics

the number one producer of televisions in the
United States. Thomson marketed and assembled
Japanese-designed VCRs for Europe and North
America; only Philips had the capability to manu-
facture its own VCR designs as of the late 1980s.

T;ble 5.9 Western European Color TV Production,
1986

Production

Firm (thousands)
Philips 3,100
Thomson 2,000
Grundig 1,950
ITT 1305
Nokia 1,000
Thomn-EMI-Ferguson 800
Salora/Luxor 680
Blaupunkt 600
Sony 535
Sanyo 410
Hitachi 370
Toshiba 310
Matsushita 310
Other Japanese 130
Other Asian 410
Other European 2,295
Total 15,195

Note: Philips assumed managerial control over Grundig
in 1985 and Thomson acquired Thorn-EMI-Ferguson in
1987.

Sourcez: BIS-Mackintosh as cited in Alan Cawson, “Sec-
toral Governance in Consumer Electronics in Britain and
France,” paper prepared for a conference on Comparing
Capitalist Economies, Racine, Wisconsin, May 4-6, 1988;
Nokia, Annual Report, 1987.

Table 510 Western European Video Cassette Recorder
Production, 1986

Production

Firm (thousands)
Philips 800
Grundig 750
JVC-Thomson 750
Hitachi 450
Matsushita-Bosch 335
Sanyo-Fisher 240
Mitsubishi 165
Sharp 160
Toshiba 160
ITT 150
Others 240
Total 4,200

Source: Same as Table 5.9.

The Japanese firms were kept out of the Euro-
pean television market in earlier times by restric-
tions on the licensing of patents for PAL and
SECAM technologies. More recently Japanese
firms have avoided local production of televisions
because the Europeans made it clear that they
would not permit Japanese television plants in Eu-
rope to service the not-yet-completed internal mar-
ket. That is, no Japanese producer could be sure
that products assembled, say, in the United King-
dom would be considered sufficiently European to
be exported freely to, say, France. Since it was pos-
sible to make money by exporting and licensing
the production of VCRs and camcorders, the Japa-
nese firms focused their European activities in
these areas.® European firms, accordingly, are
weaker in VCR and camcorder markets than they
are in televisions. Japanese firms supply about 40
percent of the European VCR market. Other than
Philips, which developed its own VCR technolo-
gies in collaboration with Sony, the European firms
all have to produce VCRs under joint ventures
with Japanese firms. Examples are JVC-Thomson,
Matsushita-Bosch, Amstrad-Funai, and Hinari-
Shintom.

Production in the Asian NIEs

The reduced trade surplus in Japanese con-
sumer electronics in the late 1980s was due mostly
to increased competition from producers in Asia,
especially in Korea, Taiwan (China), and
Singapore. The largest increase in Japanese imports
from Asia between 1985 and 1987 was in audio
cassette recorders, but increases also occurred in
color televisions and VCRs. Most of the production
in Asian newly industrialized economies (NIEs) for
export to Japan is by subsidiaries of Japanese firms
or by local makers under OEM contracts.3! Exports
to the rest of the world, however, are not so closely
tied to Japanese ownership or contractual arrange-
ments. The Asian NIEs are globally competitive in
low-end consumer electronics products. They com-
bined favorable labor market conditions (high skill
base and relatively low wages) with successful
transfer and adaptation of semiconductor and elec-
tronics assembly technologies from Japan and the
United States to get where they are today. As they
come under competitive pressure from lower-wage
countries in Asia and elsewhere, the Asian NIEs
are moving up-market into more sophisticated and
more expensive products, thus increasing the pres-
sure on Japan to promote new generations of con-
sumer products like HDTV.

The three largest Korean firms—Lucky
Goldstar, Samsung, and Daewoo—produce their
own designs under their own labels, unlike the



smaller electronics firms of Hong Kong and Tai-
wan (China). Each of these firms has its own semi-
conductor operations. They all produce their own
CRTs for televisions and computer monitors. Ko-
rea is beginning to move its product mix up to-
ward the high end. The Koreans, for example, have
begun their own program to develop HDTV tech-
nologies funded at around $200 million. The two
largest firms in Taiwan (China)—Tatung and
Sampo—manufacture color televisions. Tatung be-
gan manufacturing VCRs in 1982. The electronics
strategy of Taiwan (China) is focused more on in-
formation technology than on consumer electron-
ics. Hong Kong, in contrast, has focused on the
production of small consumer items like portable
black-and-white televisions, portable radios and
audio cassette recorders, hand-held video games,
and the like. Hong Kong producers tend to be
small firms working under contract with larger dis-
tributors. The People’s Republic of China (PRC) is
quite interested in becoming a major producer of
consumer electronics. The opening of PRC markets
to international trade produced initially a major
influx of consumer items from Japan and other
Asian economies. In 1987 Philips negotiated a joint
venture with Novel of Hong Kong and China Na-
tional Huadong of the PRC to produce 1.6 million
color television tubes per year in Jiangsu province.
Philips is also working with the PRC on joint ven-
tures for VCRs and bipolar integrated circuits.3

The success of the Asian NIEs in becoming in-
ternationally competitive in low-end consumer
electronics has resulted in a number of attempts by
the Western developed countries to erect new bar-
riers to imports. A series of antidumping cases has
been brought against Asian NIEs in the United
States and the European Community, some of
them resulting in the imposition of dumping du-
ties, “voluntary” export restraints, and quotas. The
continued access of Asian NIEs to the markets of
the wealthy countries cannot be guaranteed, given
the current sensitivity of the United States and Eu-
rope to their weaknesses in electronics vis-a-vis Ja-
pan. Thus, the Asian economies are likely to turn
to other regions for outlets for their products. The
Asian NIEs, like Japan, are also likely to substitute
local production (via investments in overseas
plants) for exports of televisions and VCRs in ma-
jor developed markets.

The Role of HDTV in Future Consumer
Electronics Markets

The competitive pressure from the Asian NIEs in
low-end consumer electronics is pushing Japanese
and European firms to move up-market. Firms in
Korea and Taiwan (China) are also moving up-
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market to deal with the competitive pressures from
even lower-wage economies (e.g., Malaysia, Thai-
land, the Philippines). The response of Japan has
been to push for a new generation of audio and
video products centered around the concept of
HDTV. HDTYV is defined in engineering terms as a
video experience in which at a viewing distance of
three times the height of the display the viewer
cannot distinguish between the video image and
reality. In practice, however, HDTV is defined in
terms of three changes in the current television sys-
tems: (a) sharper picture resolution, (b) wider
screens, and (c) digital stereo sound. For a new
display to be considered an HDTV display, it must
have about twice the horizontal and vertical reso-
lution of the U.S. NTSC (National Television Sys-
tems Committee) maximum theoretical resolution
of 360 by 360 pixels (or picture elements). The
screen of HDTV displays will be more elongated
with aspect (width to height) ratio of 16 to 9 in
contrast with the current aspect ratio of 4 to 3.
Digital stereo sound is the type of high-quality
sound available on contemporary compact disc
(CD) and digital audio tape (DAT) players.

Japan is well in the lead in developing HDTV
technologies. The public broadcasting company,
NHK (Nippon Hoso Kyokai), has played a central
role in this. NHK Laboratories began work on
high-definition systems in 1970, and was initially
motivated by a desire to overtake the Europeans.
The two major European color television stan-
dards, PAL and SECAM, permit a somewhat
higher degree of picture resolution than is possible
with NTSC (the standard that prevails in the
United States and most of Asia). NHK believed
that a move to higher resolutions was inevitable
and wanted to anticipate any such move on the
part of the Europeans. Since 1970, NHK and the
major Japanese manufacturers have spent approxi-
mately $700 million on the development of HDTV
technologies. By 1980, they had worked out a
transmission system based on a bandwidth com-
pression technique called MUSE (for Multiple Sub-
Nyquist Sampling Encoding). In 1984, Japanese
transmission equipment manufacturers officially
adopted MUSE and embedded it in a set of HDTV
standards called “Hi-Vision.”

The Hi-Vision production standard calls for an
image with 1,125 horizontal lines scanned at a rate
of 60 fields per second.®® For this reason, the Hi-
Vision production standard is referred to as the
1125/60 standard. There are also Hi-Vision stan-
dards for video tape equipment, editing equip-
ment, broadcasting equipment, and receivers,
which all have to be compatible with one another.
NHK has been the linchpin for negotiating or im-
posing these standards on the manufacturers and
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private broadcasters. NHK has the ability to do
this because it owns most of the key technologies
for Hi-Vision HDTV as well as transponders on
the broadcasting satellites that can provide HDTV
delivery.

- NHK initiated broadcasts of Hi-Vision HDTV
via direct broadcast satellite (DBS) in 1989. The ini-
tial broadcasts were only for one hour per day.
These broadcasts were increased to three to four
hours per day in 1991 with the launching of a new
satellite, the BS3b. NHK wanted the Hi-Vision
standard to be adopted outside Japan so that it
would be less expensive to convert foreign pro-
grams for Japanese broadcasting and to adapt
Japanese equipment for foreign markets. So they
set about the task of getting broader acceptance for
Hi-Vision as a world standard for HDTV.

The Sixteenth Plenary Assembly of the Consul-
tative Committee on International Radio (CCIR) of
the International Telecommunication Union (ITU)
met in Dubrovnik, (former) Yugoslavia, from May
12-24, 1986. At this meeting, the United States,
CBS, Japan, Canada, and the North American Na-
tional Broadcasters Association (NANBA) pro-
posed that the Japanese 1125/60 production
standard be adopted as a global standard. This
proposal was firmly opposed by the European
Community countries. The Europeans proposed
further study of the matter as a delaying tactic and
rejected a compromise proposal from the United
States, which would have resulted in a de facto
standardization of production equipment.

The European Approach to HDTV

The Europeans were concerned that adoption of
1125/60 as a world production standard would
damage their chances of participating in HDTV
equipment markets. The largest European con-
sumer electronics producers—especially Philips,
Bosch, and Thomson—therefore supported a Euro-
pean response to the Japanese HDTV initiative.
There were two main thrusts: (a) negotiation of an
agreement within Europe to do away with the
multiple standards within Europe and (b) new
funds for collaborative R&D in high-definition
technologies.

The Eureka EU95 program was launched in
June 1986, at the initiative of French President
Frangois Mitterrand, in response to Japanese pro-
posals for the adoption of 1125/60 as a world pro-
duction standard for HDTV in May 1986. EU95
was one of the first research programs announced
under the Eureka rubric.3 The heads of state of the
members of the European Community decided at
their summit conference in Rhodes in December

1988 to make EU95 and HDTV a high-priority is-
sue in Europe. The German Chancellor, Helmut
Kohl, and President Mitterrand had their own bi-
lateral agreement to push for a European answer
to the Japanese HDTV challenge. In April 1989, the
EC Council of Ministers adopted a decision on
HDTV, which outlined a comprehensive strategy
for the launch of HDTV service in Europe starting
in 1992.3% EU95 itself was renewed and expanded
in 1990 when its first phase ended. The initial fund-
ing for the program was to have been 190 million
ECU for the first four years, from a mixture of pub-
lic and private sources. The actual expenditure for
the first phase of the program, ending in Decem-
ber 1989 was 270 million ECU (approximately $350
million). The second phase began in 1990 and was
budgeted at 350 million ECU (around $500 mil-
lion) for three years.

The most important participarts from the be-
ginning were Thomson, Philips, and BTS (a joint
venture for advanced television technology created
by Bosch and Philips in 1986). Peter Bogels of
Philips has been the head of the EU95 Directorate
in Brighton, the United Kingdom, since 1986.
Thomson directs the program’s activities in France.
BTS directs the program’s activities in Germany.
Nokia, a Finnish firm, was added to the inner circle
of program directors in October 1989. In May 1990,
Philips and Thomson announced that they were
planning to spend 20 billion francs (around $4 bil-
lion) on the development of HDTV products over
a five-year period, but this was to be a Franco-

" Dutch effort and not strictly part of the Eureka

initiative.3
The purpose of EU95 was to develop technolo-
gies and prototype equipment for the processing

of high-definition video images and stereo sound.

From the very beginning, EU95 focused on the de-
velopment of a high-definition version of a DBS
transmission system called MAC (multiplexed ana-
log components), which came to be called HD-
MAC. HD-MAC video images have 1,250 lines per
frame (double the 625 lines of PAL and SECAM,
the current standards in Europe), an aspect or
width-to-height ratio of 16 to 9 (the aspect ratio of
PAL and SECAM is 4 to 3), and scanning is pro-
gressive or noninterlaced (the current standards
are interlaced) at 50 frames per second.’’ Neyer-
theless, HD-MAC signals are backward compat-
ible with MAC receivers, so people who purchased
MAC sets will still be able to view images pro-
duced for HD-MAC receivers.

MAC was developed originally by the Indepen-
dent Broadcast Authority (IBA) in the United
Kingdom. MAC signals are suited to satellite de-
livery because they are analog and fit nicely within
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precondition for the successful reentry in high-vol-
ume consumer markets via HDTV is a set of gov-
ernment policies and business strategies that
compensate for the current weaknesses of US.
firms in consumer components and high-volume
manufacturing of systems. Compensation can take
many forms, but it has to combine the building of
domestic capabilities with the fostering of new in-
ternational alliances.

Conclusion

Consumer electronics markets have experienced
rapid growth and technological change. Those
countries—primarily Japan and the Asian
NIEs—that understood the importance of con-
sumer electronics as a generator of wealth, jobs,
exports, and technology did well for themselves
during the last two decades. In the developing
world outside Asia, Mexico was the primary ben-
eficiary of North American growth in consumer
electronics thanks to the magquiladora program. The
failure to appreciate the dynamism of the demand
for and the technology of consumer electronics
badly hurt many European and virtually all the
U.S. firms in this industry. The U.S. industry, with
the exception of Zenith, had to abandon the field.
The European industry consolidated into four ma-
jor firms: Philips, Thomson, Nokia, and ITT.%
While Europe is in a much stronger position than
the United States in consumer electronics, it re-
mains vulnerable to competition from Japan in
high-end products and from lower-wage countries
in low-end products.

Consumer electronics markets will become more
interesting as the transition is made from the cur-
rent generation of audio and video products to the
next. Because of the large costs connected with de-
veloping the underlying technologies for HDTV,
developing countries are likely to be excluded
from all but the lowest value added activities in
these new markets. There may be some exceptions
among the NIEs (in Korea, for example).

There will continue to be rapid growth in de-
mand for the current generation of products in the
developing world and in Eastern and Central
Burope. Developing countries may play an impor-
tant role in developing new forms of personal elec-
tronics suited to their own environment. Finally, it
will always be wise to search for small market
niches which the firms of the developed countries
are unwilling or unable to exploit. Enterprises in
the developing countries may find some consola-
tion in the likelihood that they will not be alone in
having to search for the unappreciated niche mar-

kets for opportunities. Most U.S. firms will be in
the same boat.
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the bandwidth limits of existing satellite transpon-
ders. The multiplexing aspect of MAC signals im-
proves the ability of MAC receivers to compensate
for errors introduced in transmission. One cannot
receive MAC signals on existing PAL and SECAM
sets, however, and direct reception in homes is im-
possible without using higher-power satellites at
the transmission end and a satellite dish and de-
coder at the reception end. MAC was designed to
be consistent with an international standard, CCIR
601, negotiated in 1982 at the CCIR plenary. One
version of MAC, C-MAC/Packet, was adopted as
a European standard by the European Broadcast-
ing Union (EBU) in 1982. The U.K. supported C-
MAC because it added data channels that would
permit the British Post Office to add a teletext ser-
vice to the existing television broadcasting ser-
vices. The French and the Germans opposed
C-MAC because of the high cost of C-MAC receiv-
ers. They opted for another form of MAC~D-
MAC—because unlike C-MAC, it was suitable for
delivery by cable and did not require special inte-
grated circuits in the receivers.

The French and the Germans developed yet an-
other type of MAC—D2-MAC—which, like D-
MAC, could be delivered either by cable or by
satellite, but which could be easily upgraded to
higher levels of picture resolution. D2-MAC/
Packet was adopted as an EBU standard in April
1985. Distinctive variants of the MAC standard (B-
MAC, C-MAC, D-MAC, and D2-MAC) were
adopted for use by public broadcasters in the
United Kingdom, France, Germany, and the Neth-
erlands, but few MAC receivers were sold initially
and there were problems with the launching of
DBS satellites. Nevertheless, unlike PAL and
SECAM, MAC was designed in such a way as to
make it relatively easy to upgrade signals to higher
resolutions without losing backward compatibility.
This made it possible for Europeans to envision a
gradual evolution from PAL and SECAM, to MAC,
to enhanced MAC (with wide-screen capability
and better sound), and finally to HD-MAC.3¢

The EU95 consortium was successful in devel-
oping prototype HD-MAC cameras, video record-
ers, and transmission equipment only two years
after its formation. It successfully demonstrated
HD-MAC equipment first at the International
Broadcasting Conference (IBC) in Brighton, the
United Kingdom, in October 1988, then at the
Funkausstellung in Berlin in August 1989, and then
again at the National Association of Broadcasters
meeting in Las Vegas in May 1991.

The technical success of the EU95 Consortium
should be juxtaposed with the so far limited suc-
cess of MAC itself in penetrating European televi-
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sion markets. MAC has been challenged by a
group of private broadcasters who have commit-
ted themselves to prolonging the life of the PAL
standard by moving to enhanced versions of
PAL—PALplus and widePAL.3® Rupert Murdoch'’s
Sky Television, for example, was able to win im-
portant increases in European audience shares by
directly delivering PAL signals to homes and cable
operators via privately-owned medium-power
communications satellites, as opposed to the high-
power communications satellites owned and oper-
ated by the public telecommunications agencies of
Europe. All the publicly-owned satellites had been
committed to broadcasting MAC signals. Besides
the problems connected with launching the high-
power satellites, manufacturers had problems pro-
ducing enough MAC receivers because of
shortages of key components.

Not only did Murdoch steal a march on the pub-
lic telecommunications operating companies
(PTTs) and the public broadcasters by broadcast-
ing in PAL, he also provided more international
programming, mainly from the United Kingdom
and the United States, to Europeans than the pub-
lic broadcasters had been willing to provide. Thus,
many Europeans bought satellite dishes or sub-
scribed to cable services offering the Sky channels
in order to get access to greater variety in pro-

ing.40

When Sky Television merged with British Satel-
lite Broadcasting (BSB) at the end of 1990, the new
company, British Sky Broadcasting, announced
that it would continue to broadcast in PAL and
would drop BSB’s former plans to convert its sig-
nals to MAC. Since that time, Murdoch, together
with his European allies, has argued against efforts
of the European Community to require all high-
powered satellite broadcasters to adopt the MAC
standard. The counterargument of MAC support-
ers has always been that PAL is incapable of being
upgraded to high definition, and that failure to en-
force uniformity of broadcast standards will con-
fuse consumers and disrupt the future market for
HD-MAC products. In essence, the argument is
about whether the already rather large investments
in developing HD-MAC technologies should be
written off. Predictably, those who have made the
investments say no.4!

Because the Europeans are now firmly commit-
ted to HD-MAC and the Japanese are committed
to Hi-Vision, the only remaining question in the
area of standards is whether the United States will
adopt either of these standards or whether it will
go its own way. The answer to this question will
be given at the end of a standard-setting process
still going on under the aegis of the Federal Com-
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munications Commission (FCC). If the FCC pro-
cess arrives at an agreed HDTV standard for the
United States, it will do so sometime in 1993. The
United States will very likely adopt a third stan-
dard incompatible with both the Japanese and Eu-
ropean standards, based on a digital version of
HDTV technology. It will do so not just because
the United States is worried about competitiveness
in electronics, but also because neither the Japa-
nese nor the European approach is compatible
with the U.S. broadcasting environment (the large
number and political power of local broadcasters
and cable operators is a key factor here). All the
world’s equipment makers and program produc-
ers, including those in the developing world, will
have to adapt their strategies accordingly.

U.S. Reentry into Consumer Electronics Markets

Should US. firms reenter markets for the next
generation of consumer products? The case for re-
entry lies largely with the potential benefits of par-
ticipation in high-volume electronics markets for
next-generation products like high-definition tele-
vision (HDTV). As already argued, there were sub-
stantial costs connected with the exit of U.S.
electronics firms from consumer markets. The ben-
efits of participating in consumer markets in the
1950s and 1960s were substantial in terms of eco-
nomic growth, employment, and technological ad-
vancement. These benefits shifted to Japan and the
Asian NIEs in the 1970s and 1980s.

There is a growing recognition in the United
States of the need to reenter high-volume con-
sumer markets. Is HDTV the right vehicle for reen-
try into consumer markets? Since HDTV requires
important advances in integrated circuit and dis-
play technologies and because HDTV signal deliv-
ery could help to justify the building of a national
broadband fiber network, politically important ac-
tors in the United States have tended to say
“yes.”2 '

U.S. reentry via HDTV in the context of Japa-
nese domination of global markets is not likely to
be easy for the following reasons: (a) the U.S. mar-
ket is open, whereas the markets of Europe and
Asia are not; (b) there is only one major U.S. firm
in high-volume consumer markets; (c) U.S. con-
sumer circuitry production is weak; and (d) U.S.
electronics firms are less vertically integrated than
those of Europe and Asia. Only the first two points
are elaborated on below.

Prices, and therefore profit margins, in the
United States have been notoriously low in con-
sumer electronics for all major producers since the
1970s. There is clearly mcre competition in US.

markets than in Europe and Japan. This is one of
the main reasons why U.S. electronics firms left
consumer electronics—to concentrate their efforts
on computers, telecommunications equipment,
and automotive electronics. As a result, reentry
into consumer markets will be difficult. U.S. firms
are likely to demand certain guarantees about en-
forcing antidumping laws and government sup-
port for market-opening initiatives abroad—given
their experiences with poor trade law enforcement
in the 1970s and 1980s—before they invest their
capital in new consumer activities. Major uncer-
tainties connected with new technologies and tech-
nological standards will also discourage
investment in this area. Thus, the focus of both
business strategy and public policy has to be in
reducing risk and uncertainty for high-volume
production of advanced consumer products in the
United States.

The three biggest high-volume consumer elec-
tronics producers in the United States are
Thomson, Zenith, and Philips. These three firms
control about 50 percent of the U.S. market for tele-
visions. Thomson is French, Philips is Dutch, Ze-
nith is from the United States. Zenith has been
losing money in consumer electronics markets for
a number of years. Thomson has many advantages
in its competition with Japanese firms: (a) a rela-
tively sheltered home market in Europe, (b) the
considerable technological resources of its
acquisitions in the United States (the old RCA and
GE consumer divisions), and (c) its status as a
highly diversified, global corporation with the
backing of the French government. The main
strength of Philips is in its excellent record of inno-
vation in both products and processes. Like
Thomson, it has a sheltered home market in Eu-
rope and has been intelligent in its overseas acqui-
sitions and international joint ventures. But both
Philips and Thomson have been losing money in
the last few years and have suffered from heavier
competition from Asian firms even in their home
markets.

Japanese firms are substantially ahead of both
U.S. and European firms in developing HDTV
products. Besides Japanese dominance of current
consumer electronics markets, the Japanese gov-
ernment and electronics firms have been working
together to develop HDTV technologies and stan-
dards. The Japanese Hi-Vision standard has been
in place since 1984. Japanese firms have all devel-
oped a broad range of HDTV products, some of
which are currently on the market. Neither US.
nor European firms are as far along in the devel-
opment or commercialization of HDTV products.
Thus, there is some logic in a joint U.S.-European



effort to catch up with Japan. This logic is con-
founded, to some extent, by the debate over global
and regional HDTV standards. As will be dis-
cussed below, the United States is very likely to
adopt a digital approach to HDTV that will be in-
compatible with the analog approaches adopted in
Japan and Europe.

A Digital HDTV Standard for the United States?

HDTV standards have been set already in Japan
and Europe. The Japanese Hi-Vision standard is
incompatible with the European standard, HD-
MAC. Both rely primarily on direct broadcast sat-
ellites (DBSs) for delivery of HDTV signals. Both
are analog standards, in that satellite transmission
of HDTYV signals requires analog rather than digi-
tal encoding of video information (in both stan-
dards, the audio is digitally encoded). A variety of
HDTV standards have been proposed to the Fed-
eral Communications Commission (FCC) for the
United States. An organization called the Ad-
vanced Television Testing Center (ATTC) began
testing proposed HDTV systems in the summer of
1991. The ATTC testing process should be com-
pleted sometime in 1993. The FCC will base its de-

cisions on HDTV standards on the results of the

ATTC testing process. The lateness of standard-
setting in the United States is not necessarily a
disadvantage, as the United States is likely to select
a standard based on digital HDTV technologies.

It was partly as a result of the embarrassing con-
flict with the Europeans at the Dubrovnik meeting
in 1986 that US. officials began to question the
wisdom of adopting Japanese production stan-
dards for HDTV. The very vocal European con-
cerns over the continued viability of their
electronics manufacturers in the face of Japanese
dominance of HDTV markets made U.S. electron-
ics manufacturers (previously not major partici-
pants in U.S. HDTV standards debates) consider
the possibility that adoption of Japanese standards
would foreclose prospects for their future reentry
into high-volume consumer markets.

U.S. terrestrial broadcasters began to realize that
adoption of the Japanese production standard
might result in acceptance of the Japanese trans-
mission standard (with its 8.1 megahertz channels)
which would lead inevitably to a reallocation of
television channels by the FCC. The terrestrial
broadcasters feared, in addition, that the cable op-
erators might have an advantage in delivering 8.1
megahertz signals during the period in which the
FCC was reallocating spectrum. They pushed, ac-
cordingly, for a transmission standard that did not
disturb the existing allocation based on 6 mega-
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hertz television channels. Thus was born the “si-
mulcast” approach adopted by the FCC for the
U.S. HDTV standards.®®

A number of companies and laboratories pro-
posed HDTV systems for the United States, the
most important of which were (a) the ACTV and
ADTV systems proposed by a consortium made
up of the North American Philips Corporation,
Thomson Consumer Electronics, NBC, and the
David Sarnoff Research Center in Princeton, New
Jersey; (b) the Spectrum Compatible system pro-
posed by Zenith and AT&T; (c) the Narrow MUSE
system proposed by NHK; and (d) the all digital
system proposed by the American Television Alli-
ance (MIT and General Instruments).4

Philips initially pushed for the adoption of an
HD-MAC-like solution to the HDTV standards de-
bate in the United States through its North Ameri-
can subsidiary, but abandoned these efforts as
soon as it became evident that they would not be
well received. Thomson, in contrast, did not try to
impose its European MAC efforts on its US. op-
erations, but rather left it up to Thomson USA in
collaboration with the Samoff Center to come up
with a North American answer. Eventually
Thomson and Philips teamed up to present a “Eu-
ropean” alternative to NHK's “Japanese” solution.
The NHK solution was simply to shoehomn the
MUSE encoded Hi-Vision signals to fit into the 6
megahertz channels that the FCC insisted on pre-
serving.

As the time came to test the major proposed
systems, the FCC, and particularly FCC Chairman
Alfred Sikes, expressed a strong preference for all-
digital systems. Since both the Japanese Hi-Vision
and European HD-MAC standards are analog sys-
tems, the U.S. system will necessarily be quite dif-
ferent. It is not clear yet whether the digital
approach will work, but Chairman Sikes has
leaned strongly in this direction in hopes that an
all-digital HDTV will be something the United
States can do better than the Japanese and the Eu-
ropeans. It seems clear, however, that Japanese
and European firms will be major suppliers of
HDTYV systems for the U.S. market, no matter what
standard is selected.

There is now solid agreement that it would be
desirable for U.S. firms to participate to a greater
degree than they have in the last two decades in
high-volume consumer electronics markets. There
is also increasing consensus that the reentry ve-
hicle for greater participation is HDTV. The US.
HDTV standard is likely to be distinctive from
those in Japan and Europe in stressing digital tech-
nologies over analog ones. Whether this turns out
to be a boon for U.S. firms remains to be seen. A
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precondition for the successful reentry in high-vol-
ume consumer markets via HDTV is a set of gov-
ernment policies and business strategies that
compensate for the current weaknesses of US.
firms in consumer components and high-volume
manufacturing of systems. Compensation can take
many forms, but it has to combine the building of
domestic capabilities with the fostering of new in-
ternational alliances.

Conclusion

Consumer electronics markets have experienced
rapid growth and technological change. Those
countries—primarily Japan and the Asian
NIEs—that understood the importance of con-
sumer electronics as a generator of wealth, jobs,
exports, and technology did well for themselves
during the last two decades. In the developing
world outside Asia, Mexico was the primary ben-
eficiary of North American growth in consumer
electronics thanks to the maquiladora program. The
failure to appreciate the dynamism of the demand
for and the technology of consumer electronics
badly hurt many European and virtually all the
U.S. firms in this industry. The U.S. industry, with
the exception of Zenith, had to abandon the field.
The European industry consolidated into four ma-
jor firms: Philips, Thomson, Nokia, and ITT.4
While Europe is in a much stronger position than
the United States in consumer electronics, it re-
mains vulnerable to competition from Japan in
high-end products and from lower-wage countries
in low-end products.

Consumer electronics markets will become more
interesting as the transition is made from the cur-
rent generation of audio and video products to the
next. Because of the large costs connected with de-
veloping the underlying technologies for HDTV,
developing countries are likely to be excluded
from all but the lowest value added activities in
these new markets. There may be some exceptions
among the NIEs (in Korea, for example).

There will continue to be rapid growth in de-
mand for the current generation of products in the
developing world and in Eastern and Central
Europe. Developing countries may play an impor-
tant role in developing new forms of personal elec-
tronics suited to their own environunent. Finally, it
will always be wise to search for small market
niches which the firms of the developed countries
are unwilling or unable to exploit. Enterprises in
the developing countries may find some consola-
tion in the likelihood that they will not be alone in
having to search for the unappreciated niche mar-

kets for opportunities. Most U.S. firms will be in
the same boat.
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