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New technology by way of microchips, computers, telecommunications,
software, and (light and touch) sensors has been increasingly applied in in-
dustrialized countries to thoroughly redesign products, plants and organisa-
tions in order to win or survive the ruthlesshigh-quality, low-price competitive
race. The descriptive analysis in this ‘Note’ is mainly concerned about nature
and effects of emerging trends in product development, and is organised as
follows: Section I considers the long-term objectives of product redesigning
and Section II, the changing pattern of products and processes in calculator,
timepiece and television industries. Finally, Section III derives certain con-
cluding observations. |

Section 1

In the amazing field of product development, there has been rapid shortening
of product life-cycles. This shortening arises due to two factors. First, the
manner in which manufacturers, especially in the electrical appliance industry,
deliberately. build obsolescence into their product designs.! The strategy of the
appliance makers has been to "delete old products as new ones come on
stream and to hold the size of a product range in check", and then make the
spare parts for the appliances so expensive that consumers are discouraged
from hanging on to their appliances of more than a few years vintage.2
Secondly, and more importantly, the shortening has been due to competi-
tive innovation, which has brought about dramatic changes in the design struc-
ture of various consumer and professional electronics products. Designs have
been simplified to incorporate low cost, low component count. This has
reduced the number of soldering connmections needed to interconnect the
components in many products. Hence the low sub-assembly and final as-
sembly costs and the consequent low labour intensity of production. Tradi-
tional mechanical and electro-mechanical items of high value have been re-
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placed by low-value electronic components. Within electronic items, the tradi-
tional ones have been replaced by cheap, high-density integrated circuits
(ICs)—microchips or microprocessors—which are getting cheaper. The
Japanese were the first to put the chips into their consumet-grade equipment
and achieve an early edge over their counterparts.

The microchips reduce bulk, conserve energy, improve control of quality,
reliability and versatality, and facilitate easy repair (by taking one chip out and
putting in another). They pare material and labour costs in such a way as to
remove altogether ‘cheap labour’ competition. Finally, they increase user con-
venience and market appeal of the products. Thus the ultimate objectives of
product development or redesigning are aptly summed up in the Japanese in-
dustrial circles by four adjectives—"lightweight, slim, short and small* ("kei,
haku, tan and sho").?

As the IC makers invest massively and bring about ‘super-chips’, the
products tend to become lighter, slimmer, shorter and smaller, and conse-
quently open up possibilities for big business; markets are created constantly
anew. Moreover, developments on these lines have already had a negative im-
pact on the "buy-in" decisions of the top managements; standardized as well as
subcontractable components and assembly operations are progressively
eliminated.

The products that have been overhauled by microchips are cookers,
sewing machines (one chip has replaced about 350 standard parts*), washing
machines, toasters, vaccuum cleaners, clocks and watches, toys, cash registers,
musical instruments, motor vehicles, telecommunications, home computers,
word processors and other office equipment, and audio-visual equipment
(radios, TVs, video tape recorders etc.). For example, in Japan, stereo players
are.not much larger than the cassette tapes that are slipped into them.
Cameras have become lightweight due to "photo electric-cell circuits for
foolproof automatic focussing". Bicycle owners are "abandoning their pedal-
powered conveyances for compact S50cc-minibikes"” In motor vehicles,
microprocessors placed under hoods of new cars, monitor and control engine
functions for greater fuel economy and emission controls. They also improve
the performance of breaking and electrical systems.®

Section II

Let us consider, in particular, how technological change has altered the
product and organisation of production in three industries making calculators,
timepieces and TV sets respectively.

Calculators

Any calculator has three essential elements—electronic circuitry, keyboard
and display device. It is the circuitry, the brain of the machine, that has been
overhauled by inniovation through four phases.”

In the first phase, about 5000 discrete components—transistors, resistors,
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capacitors, diodes and the like—were interconnected to build the complete
electronic circuit on single-layer circuit boards. In the second phase, the dis-
crete items were replaced by several ICs to begin with and later on by fewer
MOS/LSI (metal-oxide-semiconductor/large-scale integration) ICs which
substantially reduced the total number of components.

The third phase saw "calculator on a chip", which pieced together only one
chip combining 40 components plus the display device, the keyboard and few
other discrete components. The fourth phase saw the advent of "calculator on
substrate" (COS). The component count was thereby further reduced; the
conventional circuit board was replaced by soda-glass substrate which held
the chip and also contained the keyboard contacts. It also served as "the front
half of the glass package for the display device”. The Table below shows how
these changes reflected in the substantial reduction in cost, price and labour
intensity. Added to these were the benefits of greater dependability, ver-
satality and economy in power use. The newer models became battery-
operated, adding to their flexibility. We may add one more phase to the
Table—the phase of even more compact, efficient and relatively inexpensive
solar-powered calculators which look like a credit card.?

TABLE: Changing Pattern of Products and Processes Since 1962
Phases Process/ Product No.of Changes Changes Changein Origin
_ compon-  type total ininitial  inprice labour
ent type compon- cost ($) ® intensity
ents (%)
I (1962-66) Discrete  Desktop 5000 170 602 30 US/UK
components
Ila (1967-68) ICs Portable 840 125 439 28 Japan
IIb (1969-70) MOS/LSI Handheld 57 60 255 24 Japan
(several
chips)
Il (1971-72) One- Pocket- 40 20 193 10 us
MOS/LSI sized
chip
IV (1973-) €QS Pocket- 39 5 62 8 Japan
sized

Source: Badiul Alam Majumdar, op.cit.

The point is that these developments have given death-dealing blows to
the competitive advantage (based on cheap labour) of industrial sitings in the |
less developed peripheries. Manufacture of calculators could now be in+
tegrated with automated techniques either in the industrialized countries or in
certain peripheral locations (according to the logistics planning of the
transnational companies). Alternatively, there could be scope for commercial
subcontracting, with firms (in the industrialized ‘centre’ or less developed
‘periphery’) selling their products under the established American or
Japanese labels. /
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Not only in calculators but in several other electronic equipment a very
important offshore subcontracting operation for quite some time has been the
labour-intensive assembly of components on (printed) circuit beards. But as
components became fewer and fewer with the impact of microelectronic tech-
nology, and as the automated components insertion techniques are being
progressively used, there would be no scope for labour-intensive international
subcontracting in this regard.’

Timepiece Industry

Traditionally, this industry all over the world was characterised by its frag-
mentation among hundreds of small assemblers and components makers. A
classic example was the Swiss industry with about 500 brand names. The as-
semblers designed models and then invited bids from specialist subcontrac-
tors for various parts. But with the onset of microelectronics revolution and
the advent of cheaper and more accurate quartz (analogue and digital)
timepieces, the traditional finely tooled ‘(handicraft) mechanical industry
received a convulsive quaking. Within the US the quartz age forced out many
established makers. In Switzerland and West Germany, in the face of
Japanese and American competition, the traditional system became so un-
economical that many assemblers and with them many a subcontractor went
bankrupt. The survivors coalesced into combines in order to support high
costs of R&D, advertising and distribution networks. Thus the transition-to
quartz era has undergone restructuring by way of industrial concentration
everywhere. i

By late 1970, the global timepiece industry was dominated by nine major
firms—three Japangse, three American, two Swiss and one Soviet state mo-
nopoly. They controlled two-thirds of the world market in unit terms. These
makers, with the Japanese at the forefront, are constantly pitted against each
other’s uncanny abilities to "hit the mark on fashion, features, user
preferences and everything else that might motivate the consumer." They have
segmented the market into high price range, middle range and low range by
differentiating the models on a continuum between the extremes of simplicity
on the one hand and models equipped with special functions (like
chronographs, calendar, stopwatch, alarm, miniaturised calculators and even
TV receivers) on the other.

Unlike the mechanical era which permitted subcontracting, the
"economics of quartz watches, with fewer parts . . ., favour integrated opera-
tions using highly automated equipment on long production runs." These in-
tegrated operations are under a single roof or between plants widely dis-
persed. All the major producers such as the American Texas Instruments of
the Japanese Hattori or the Swiss company Bulova have integrated opera-
tions.

For instance, in 1976, Texas Instruments had internal sourcing of
electronic circuits, plastic cases and other components, Metal cases and crys-
tals were procured from outside parties..The IC chip in its digital watches was

—
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initially ultrasonically wire-bonded to a ceramic substrate. This was a labour-
intensive process which was later done away with by molding the IC chip in-
side the IC. Then a module of six electronic parts was assembled to the IC.
The light-emitting diode time display was soldered to the IC by the method of
batch processing but, the whole module assembly was about to be converted
into a continuous process. The final assembly lines turned out plastic-cased
watches.

Consider the world’s most celebrated Seiko (meaning ‘precision’ in
Japanese) brand manufactured by the Hattori group. Hattori does just final
marketing, It has R&D units which keep innovating technology and redesign-
ing. Further, it has two manufacturing companies, which are linked to Hattori
through Hattori’s family shareholdings. They are ‘integrated’ companies with
their own component affiliates, which make all components and some special
batteries. Many standard batteries are purchased from Union Carbide. These
two companies have automatic assembly processes. Both of them make Seiko
pieces, but they are very keen competitors, always at war with each other, in
designing and pricing and obtaining Hattori’s acceptance. Thus, while Hattori
group appears as a vertically integrated one, it can also be described as struc-
tured in terms of an internal mix of commercial and industrial subcontracting
relations.

Television Industry

Finally, consider product development and low cost rationalisation in making
TV sets.

During the 1970s, microcircuits began to replace traditional electronic
components. Numerical control machine tools were used for partial automa-
tion of assembly. Soldering, welding, fastening, indexing and component feed-
ing equipment and computer controlled assembly of circuits and production
of resistors came into existence."" And since assembly jobs could be easily
separated from sophisticated research and engineering tasks, they could be
farmed out for international subcontracting to reduce labour costs. However,
in general, by early 1980s, the-industrialized country-firms’ need for interna-
tional subcontracting fizzled out as the lower component count and substan-
tial amount of automated assembly led to fall in production time.”

The way the American and European manufacturers have been forced to
review their production procedures with the Japanese incyrsions into overseas
television and stereo markets is well-known.” But it is worth noting how the
Japanese producers developed their out-competing capacity. In the early -
years of colour television, the Japanese government allowed substantial
reductions in high commodity taxes on all the colour sets incorporating
microelectronic devices. This policy had two mutually reinforcing effects: first,
it stimulated consumer demand; secondly, the competition it generated be-
tween the manufacturers to beat the opponents in "going solid state", created
spirals of innovations in semiconductor devices as also in functional equip-
ment design. The more the ICs used, the less the component count became.
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This in turn opened up possibilities of automatic component insertion, which
by late 1970s rose to about 80 per cent of assembling and testing operations.
The number of man-hours and power consumption per set came down drasti-
cally while the reliability of the end-product soared.™ ;

While these profound changes were taking place in Japan, the American
producers, with their obsolete technology lagged behind. Unlike the profit-
maximising colour TV makers in the US, who persisted with obsolete tech-
niques in late 1960s and early 1970s, the Japanese have been value-added
maximising firms with more or less uniform cost curve and under constant
pressure to scrap old equipment and induct fresh technology. "If one firm in
the electronics industry introduces new technology, putting downward pres-
sure on prices, as maintenance costs with existing equipment rise,firms
throughout the industry are under pressure to replace existing technology with
new. The action-response time-frame is virtually immediate. And, since the
Japanese electronics industry has been expanding rapidly, firms in the in-
dustry, assuming they are producing near capacity, are under constant pres-
sure touimprove their production technology in order to gain or retain market
share.”

The new technological trend over the 1980s has been to use in TV sets, ICs
called microprocessors and microcomputers in order to produce com-
puterised television.' The microcomputer chips are known for their low cost,
low component count effects apart from the “ease with which instructions
(and thus the functions the devices will perform? can be changed by the IC
manufacturer to cater for different applications."” Components like resistors
(various types), capacitors (various types) and coils (or inductances) "are
dying out in television application. Soon only the deflection coils will
remain."® Even the picture tubes are replaced by front panel displays
(circuitry complex) leading to lower cost, higher reliability, miniaturisation
and lower power consumption of television sets.”

In this milieu, modularisation is a new trend in product designing, espe-
cially in €lectronics, facilitated by the introduction of microelectronic com-
ponents. The wide ranging product differentiation has been accompanied by a
standardization of the major modules (subassembled parts) of the product.
These modules could be made under different roofs and composed into the
end-product later on. For example, in television sets, the earlier method of
long line, linear assembly whereby the chassis or framework of the TV set
would be put on the line and then individual parts are mounted, has become
outmoded. Modularisation has made the final assembly a much shortér
process. Decentralisation through subcontracting of modular production and
automation of final assembly have smashed worker militancy in industrial
countries.”

However, with the micro-miniaturization of components and circuits and
the progressive reduction in the size of the end-product, the number of
modules as well as the number of parts within each module would further
diminish to such an extent as to make centralization of automated modular
and final assembly under one central computer control a better option, This
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has been witnessed in recent times..

Because of microminiaturisation, the Japanese could recently create a new
market for small screen television sets in Europe; they could get round the
barrier imposed by the "Telefunken patent on the British and German TV
system (PAL), which prevented the import of foreign color TVs above 20
inches.” In 1983, Matsushita Electric Industrial Co. put into market what was
then considered the smallest colour TV.? This year Casio Computer Co. is set
to start marketing what it claims is the world’s smallest and lightweight colour
TV.? In 1984, pocket-sized black and white TVs were introduced in J apanese
and western markets; the Japanese brought out monochrome liguid crystal
TVs and the British Sinclair brought out TVs based on flat screen picture
tube.”* Another new development was the onset of Japanese "digital TVs",
"Component TVs" or "high-definition TVs" with a lot of peripherals attached
to them.” The-automated, cheap mass production of these sets "will achieve
for television what the transistor radio did for wireless: a one-per-person
product.”

Section HI

Hence, what follows is that the new technological trends have transformed the
economics of production. The direct labour component is made minimal or
eliminated with the use of automated production techniques. Large numbers
of components have been concentrated on a single microchip. The low com-
ponent count achieved and the prospect of further integration of components
on single super-chips has made or makes the components (discrete or in-
tegrated passive and active components and electro-mechanical components)
procured from other firms (whether on subcontract or not) irrelevant. And
since subassemblies and final assembly could be automated in such a way as
to outcompete labour-intensive subassembly and final assembly, subcontract-
ing of even these becomes irrelevant. The tendency is towards integrated and
automated manufacture, as available evidence with respect to certain
praducts, as portrayed above, indicates.
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