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 This paper gives a brief account of the development of electro
 nics technology. This is done primarily to situate the silicon chip in
 its context and to highlight certain issues related to the development
 of productive forces in the industrialised capitalist economy. We shall
 examine the transition from the vacuum tube to the period after
 1947 when the transistor, integrated circuits and the micro-processor
 become the main components in electronic devices. Such devices and
 components are now central to the ongoing revolution in the means of
 production in the industrialised capitalist economies, reflect specific
 sophistication in the development of what we may refer to as silicon
 technology and mark a progressive incorporation of science in the pro
 duction process. In the final part of the paper we shall examine the
 implication of this for dependent capitalist economies.

 From the Vacuum Tube to the Transistor

 The invention of the transistor in 1947, in the Bell Telephone
 Laboratories marked the end of an era during which the vacuum tube
 was the main component in electronic devices, an era which can be
 traced back to the 1880's from which time we can locate the evolu
 tion of different types of vacuum tubes (1). By the 1930's the
 vacuum tube would be a central component in eleptronic devices such
 as the radio, television, the telephone and other such gadgets. One of
 the first computers, the Electronic Numerical Integrator and Com
 puter, otherwise known as E.N.I.A.C., invented in 1946, in the pre
 transistor era, would contain 18,000 vacuum tubes, and noticeably,
 would weigh some 30 tons. It would be uneconomical (2).

 The evolution of this particular era in the history of technology
 can be viewed from different perspectives. For example, it is the era
 which would see the emergence of I.B.M., in 1924 a specific fusion of
 capitals, which involved the amalgamation of Computing Tabulating
 and Recording Company and other smaller companies. It is also the
 era which would give rise to the radio, the television and the compu
 ter, devices which in some cases were the product of rudimentary gad
 gets and principles from an earlier period. By 1930 most of the im
 portant types of vacuum tubes would have been designed, whether the
 diode, the audion or the pentatode (3).

 Edison's discovery that when positive voltage was applied to the
 electrode a current flowed between it and across thé vacuum between
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 it and the filament (4), is in fact perhaps the principle of all electron
 tubes and it is mainly for this reason that the 1880's, during which
 this particular principle was discovered and articulated, might be con
 sidered important in the genesis of the electronics industry. The va
 cuum tube era is located within a specific period of electronic develop
 ment. The rate of technological change in electronics was as yet un
 derdeveloped as compared to later periods and science in fact played a
 comparatively subordinate role in invention. The rate of obsolescence
 of machinery was comparatively less than we would see in subsequent
 decades (5). Automation in the production process would be of a
 later era. In this period a significant proportion of factory equipment
 consisted of mechanical and electro-mechanical devices. If we look at
 some of the main equipment of that period we note that they were
 flagrant consumers of energy and relatively slow and costly : For ex
 ample the first generation of computers coming out in this period,in
 the 1940's held a mere 20,000 characters in their memories, carried
 out only 1,800 instructions per second, and as mentioned earlier in
 the case of E.N.I.A.C., were uneconomical (6). Yet the electronic
 tube-based computer was composed of complex electronic and mecha
 nical parts which went beyond the abilities of earlier types of compu
 tational devices.

 The Development of the Silicon Transistor

 It is significant that the transistor would in fact be a product not
 of the individual inventor working and experimenting in his basement
 or on the factory floor, as the case may be. Rather the transistor
 would be the product of what we may term a convergence of capital,
 sciences and scientists. It would mark perhaps the end of an era of
 the like of Hollerith or Benz, Daimler or Edison (7), and even if we are
 to cite Shockley's Semiconductor Laboratory of 1954 as an example
 of the continuing possibilities for the inventor-scientist cum capita
 list, it should be noted that in 1959-the Palo Alto Plant originally set
 up by Shockley was bought out by I.T.T.. - a process in a specific
 stage of capitalism when there is a significant rise in the minimum
 volume of fixed capital necessary to provide the productive environ
 ment for a given commodity and when the individual scientist must
 sell his intellectual labour power tô capital (8). It should be noted
 that as from this particular period most of the innovations in the elec
 tronics industry would be sponsored, directed and appropriated by
 large corporations like I.B.M., Intel corp., Texas Instruments, Moto
 rola etc. 19).

 The silicon transistor marked a turning point away from germa
 nium based devices and the beginning of what one may term silicon
 •fltechnology,for as it would be shown,most of the subsequent develop
 ments in micro-electrons as of the time of writing have been fabricated
 and designed on this base material which has become the dominant
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 material for microelectronic circuits in a complicated fabrication pro
 cedure where silicon wafers undergo diverse processes. The first tran
 sistor was essentially the point-contact transistor and consisted essen
 tially of springy wires pressed against a germanium chunk. Raytheon,
 General Electric and Western Electric were some of the early produ
 cers operating then with huge contracts from the military.

 From the Silicon Transistor to the Microprocessor

 About four years after its initial creation in 1954 the silicon tran
 sistor became but one component in an integrated circuit of inter
 connections, part of a process involving chemical, photographic and
 other processes (11). It became but one component in the integra
 ted circuit. By 1965 the era of large scale integration had arrived (12).
 It is in the context of this increasing complexity and sophistication of
 interconnections that we must view the micro-processor,the central
 processing unit of a computer,on a chip.Its capabilities and features
 are of central .importance for this discussion since it is argued that this
 device has significant implications for the productive power of the
 industrialised capitalist economy and the production process in ge
 neral. Since development of the material means of production trans
 forms the social relations within which people produce, such transfor
 mation must necessarily be seen as significant (13). The micro-proces
 sor can be seen as a product of semi-conductor technology, computer
 technology and equally important Boolean algebra and logic which
 has specific influence on circuit design. The micro processor has been
 described as a device with the same logic function as a computer. It is
 simply «a central processing unit on a chip of silicon in the form of a
 large scale integrated circuit built up and fabricated from a single piece
 of silicon». It can interpret and execute instructions just like a tradi
 tional mainframe computer. By virtue of the ability of the semi
 conductor industry to place a multiplicity of transistors in a single cir
 cuit, the microprocessor has been created. Micro-computers are now
 concentrated in aerospace and in terms of consumer goods they are
 being placed products such as office equipment,medical and laborato
 ry instruments and traffic lights, elevators, household applicances etc.
 Perhaps most significant for our discussion is the installation of these
 devices in industry. Sherman has reminded us that all jobs with repe
 titive elements, or which are totally repetitive can be affected, whe
 ther batch or continuous track, commercial processes or clerical and
 administrative processes. Furthermore warehousing, stock control are
 other areas. The totally automated suoermarket and electronic bank
 ing are some of the on-going examples of the effect of the technology.
 Sherman stresses that .the productive processes based on either robo
 tics or other micro-processor applications are cheaper, more reliable
 and can be worked more intensively. The fact is that we are in the era
 of very large scale intensified appropriation or surplus value (1^.
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 It must be pointed out that the basic material with which these
 latter components are fabricated is in fact silicon. Silicon is conside
 red to be one of the most abundant materials next to oxygen. It is an
 element found in sandstone. It has a melting point of 1.420'C and has
 a wider operating temperature than Germanium. Like most of the
 basic raw materials central to the micro-electronics industry, silicon
 is therefore easily accessible to the industrialised capitalist economies
 — a point that is significant for any analysis of the implications for
 dependent capitalism. Furthermore the silicon transistor is low in
 energy consumption. Oldham considers that the dominant role of
 silicon as the material for micro-electronics circuits is related to the
 characteristics of its oxide (15). The film of silicon dioxide which
 forms on its surface when heated is hard and durable. The relative
 ease at which the water is processed and its specific electrical proper
 ties are also important. Projections are that the chip of the future
 may well be heterogenous, the product of say silicon and gallium
 arsenide. Magnetic bubble memories are being found to be of higher
 memory capabilities than silicon (16). Heilmer speculates on the
 desirability of the use of 3-dimensional devices to supersede the
 present two-dimensional technology. But generally the use of silicon
 is predominant and the micro-electronics circuit is built up layer
 by layer on a wafer of silicon which is later sectioned into silicon
 chips (17).

 As mentioned earlier, chips are now being installed into a multi
 plicity of devices. Ever since 1971 when Motorola brought out the
 first electronic digital watch, gadgets ranging from ovens to petrol
 pumps are being installed with chips. Specially designed micro
 processors and computers are being incorporated into weapons sys
 tems, and equally significant they are being installed in the factory
 where they are the central units in industrial robots which mix paint,
 weld, and do a significant amount of labour (18). The automatic
 control of production processes whether in the oil refinery or in the
 blast furnace and the turning over of some routine tasks to automatic
 computerised systems are of course part and parcel of a trend whereby
 there is a change in the technical composition of capital, and where
 there is an increase in the constant constituent of capital at the ex
 pense of its variable component(19).

 In 1977 the production of the mini-computer was being domi
 nated by firms such as Data General, Texas Instruments, and General
 Automation. In the case of word-processing machines I.B.M. was the
 dominant producer, in perhaps what may well become a trend in the
 micro-electronics industry. By the end of the 1970's the semi-con
 ductor industry alone had grown to a $ 6 billion market with a series
 of bank-ruptcies and take-overs where the battle of competition in
 cluded the cheapening of commodities which could be of course sus
 tained only in the context of economies of scale, and the increase in
 relative surplus value, where the laiger capitals have been able to beat
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 the smaller and we see the situation where the concentration of capital
 takes place in the context of 'expropriation of capitalists by capita
 lists'; where capital grows in one place 'to a huge mass in a single
 hand, because it has in another place been lost by many' (20). Similar
 tendencies have been manifested in other industries and in earlier
 periods but perhaps nowhere have these specific tendencies been so
 blatantly manifested than in the contemporary micro-electronics
 industry. The on-going anti-trust suit featuring I.B.M. (21) is but a
 tip of the iceberg, and an inevitable consequence of capital accumula
 tion in the context of industrial capitalism, for, as pointed out by En
 gels, «competition is based on sefl-interest and self-interest in turn
 breeds monopoly» (22). Competition and monopoly are but two con
 tradictory phases of the same process.

 What is most significant in all of this is that a shift to the era of
 very large scale integration is taking place where some 100,000 devices
 are being fabricated on a chip of silicon 1/2 square (23). It is a ten
 dency which can be seen as bringing about nothing less than a revolu
 tion in the potential and actual power of inanimate devices and the
 expansion of productive forces of the industrialised capitalist econo
 mies leading some to refer to the era as the second Industrial Revolu
 tion and perhaps less satisfactorily to Post-Industrial Society (24).

 Implications for dependent Capitalist Economies
 Increasing Technological Dependence

 It is a sad fact that the Third World scientist is more often than
 not part and parcel of a comprador intelligentsia, part of the intel
 lectual wing of the bourgeoisie serving the interest of capital. As
 pointed out by Hanson, the Third World scientists serve either as a
 pool of intellectual labour power for the industrialised capitalist eco
 nomies, as local managers for multinational corporations, or in some
 cases are people who are there just 'to create the image of indigenous
 scientific capability' (25). Additionally one may add that in their own
 specific ways like the proverbial mimic men they are there simply to
 recommend processes that have already been discovered or equipment
 that have already been designed. The pure or applied scientist in the
 dependent capitalist economy is essentially emasculated. But such a
 tendency can only be understood in the context of the political eco
 nomy of science in the dependent capitalist economy. This paper will
 not pursue this particular aspect of the problem except in the context
 of the phenomenal problems and impossibilities that exist now for the
 dependent capitalist economy at a stage where there is now an indisso
 luble alliance of science and technology in production. Science has
 become a direct productive force, 'being embodied in the material
 elements of production, the instruments and objects of labour and the
 techniques and organisation of production' (26).

 The fundamental problem for the dependent capitalist economy
 where growth is not autonomous is that the future promises an era of
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 increasing technological dependence. Such dependence is to be expec
 ted in the context of an international division of labour where techno
 logy has become a commodity in itself (27), and where laws of
 national security and an effective paraphernalia of patents and licenses
 serve to restrict the mobility of intellectual secrets (28). Rada has
 alerted us to the fact that there is a great deal of 'intangible' know
 ledge involved in micro-electronics technology and this is particular
 lariy so in the area of software vis-à-vis the computerized commodity
 and the electronic gadget, in general (29). It should be pointed out as
 well that the rate of obsolescence of techniques and processes are so
 rapid that the traditional methods of technological transfer of a world
 that was, comparatively speaking, more technologically static are
 much more anachronistic now in this phase of the electronic era (30).
 The history of technological change in this particular era is a history
 of rapid and constant change which as pointed out earlier is funda
 mentally motivated by the search for increased profitability. In such
 a period the dependent capitalist economy is severely handicapped
 and what we may expect is the increasing disparity between the
 mature capitalist units and their dependencies, vis-à-vis technological
 power.

 Loss of the so-called Comparative Advantage

 Economists ranging from Ricardo to Lewis have touted the idea
 of comparative advantage. Lewis has done so specifically in the con
 text of the unlimited supplies of labour available for the capitalist
 exploiter (31). Lewis in fact beckoned the capitalist to set up shop
 in such economies. But there is really nothing advantageous in having
 to sell out your labour force at murderously low wages. Be that as it
 may, this has been one of the tendencies in some dependent capitalist
 economies and in the earlier era of the so-called offshore installations
 this is exactly what happened (32). In the présentera, where, as point
 ed out before, the automation of production processes has become
 feasible and computerised systems are even becoming generalised in
 terms of production, the so-called comparative advantage of the
 labour surplus economy is hanging in the balance. In the case of the
 export of primary products, some of the traditional exports may lose
 their importance and oil may well be one of such commodities. The
 recent lowering of oil prices by Nigeria has in fact taken place at a
 time when the on-going technological revolution in micro-electronics
 is in fact enhancing the rate of energy conservation and generation (33).
 Electronic devices are low in energy consumption. Furthermore the
 installation of computerised systems which can regulate energy con
 sumption and control heating and coölkig devices is a significant ten
 dency. It can be noted however that by virtue of the fact that enti
 rely new products and consumer items are now entering the market
 we can expect an increase in terms of demand for the material for
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 such hardware. The general trend towards miniaturization in terms of
 the finished product should be noted, however.

 Robots, Industrial Unrest and Dependent Capitalism

 Silicon technology can be evaluated in terms of the fundamental
 changes it has brought about in the means of production and the ap
 plication of labour power. We can see this in terms of the transforma
 tions underway in the nature, efficiency and productive capacity of
 factory equipment and the potentials for the control and organisation
 of labour. According to Zermeno's classification of robot applica
 tions, the loading and unloading of equipment, simple transport ope
 ration, metal working, spraying and assembly are some of the multiple
 possibilities in the factory system, and the utilization of these is in
 creasing (34). For example in 1978 there were 2,500 deployed in the
 U.S. 2,000 in Europe and 3,000 in Japan (35). Robots enable the in
 tensified appropriation of surplus value and profit maximization at an
 increased scale at the expense of a contracting wage bill and the con
 traction of variable capital. It has been estimated that whereas the
 assembly line worker earns about $ 15 per hour the robot costs $4.80
 per hour. This calculation is based on the premise that a robot costs
 N 40.000 (1980 estimate) and has an estimated life span of 8 years.

 The unemployment rate is'now 11% in the case of the U.S.A.
 But it is unemployment in the midst of the increased rate of concen
 tration of capital all alluded to earlier in the paper. I.B.M. controls
 70% of the market for computers (36), and in 1980 got 49% of the
 total revenue of $ 53 billion (37). It is estimated that the total world
 trade in the computer market is $ 92 billion and it is expected that
 I.B.M. will continue to increase its share of the market. Furthermore
 in terms of concentration it is estimated that corporations have spent
 some $ 258 billion since 1978 «to gobble each other up» ... a move
 ment involving both horizontal and vertical mergers (38). For exam
 ple ZilogL a microprocessor firm^ has recently been swallowed by the
 oil giant Exxon.

 But the proliferation of industrial unrest in the industrialised
 economies is an almost inevitable reality as more and more workers
 are thrown out of jobs and become proletarianized serving as 'a mass
 of human material exploitation' and with lowered bargaining power
 given the expansion of the reserve army in itself is bound to precipi
 tate massive transformations internally and increased measures for the
 intensification of existing strategies of class domination. The centre
 may not hold and things may fall apart. But even so Third World
 countries may anticipate effective Vietnamization campaigns to create
 artificial employment and of course bring about effective market ex
 pansion.
 Chips, Trade Wars and the Struggle for Markets

 The on-going trade war between Japan and the U.S.A. may be
 seen in the context of the increased productive power of the automated
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 factory, power brought about by the feasibility of automated conti
 nuous production, improved efficiency, increased returns from raw
 materials and the possibility of operations in hazardous environment
 by virtue of the. utilization of robots (39). Such productive power
 must necessarily lead to over-production in the absence of market
 expansion (40).The fact isthat in the context of industrial capitalism
 ironically the saving tendency is in the group with more purchasing
 power by virtue of the fact that we are dealing in that context with
 production for surplus value and a specific process of capital accu
 mulation, where, as Robinson explains, the lop-sided distribution of
 income leads to a shortage of demand (41). Morishima suggests that
 this in fact is a root cause of crisis in the capitalist economy. Accor
 ding to him such crisis is related to the 'disproportion between the
 consumption of the capitalists and their accumulation' (42). It is in
 this context that we can understand the struggle for markets and the
 new wave of protectionism. But it is also a warning for the dependent
 capitalist economy in pursuit of chip power. We have come to learn
 that trade wars are not necessarily fought by the cheapening of
 commodities or the erection of protectionist barriers alone. They may
 well be fought by the co-opting of the indigenous ruling class, the sub
 version of recalcitrant regimes and other such tactics which may be
 even more effective than the traditional gun-boat diplomacy. In terms
 of subversion it should be noted that electronic innovations in them
 selves have improved the means of subversion and espionage. Devices
 such as portable reception antennas which enable the reception and
 storage of coded signals, across-borders, serve to enhance the means
 of subversion and espionage and make nonsense of traditional fron
 tiers and political boundaries (43).

 The increasing rate of unemployment is in itself an important
 factor in the struggle on the part of the bourgeoisie for market ex
 pansion, a pressing necessity for the survival of capitalism itself. Gene
 rally we can predict an intensification of existing strategies.

 The relevance for Africa is almost self evident. Comprising ap
 proximately 50 states, the majority of which fall in the orbit of depen
 dent capitalism, the continent will be a pivotal point for such manoeu
 vres and operations, a process to be checked only by the inevitable
 internal crisis and conflicts within the specific industrialise4«apitalist
 economies, antagonistic conflicts amongst them, specific resistance
 from the dependent capitalist economies themselves and the deterrent
 capabilities of Soviet power.

 Conclusion

 The full implications of the on-going revolution in electronics
 technology are yet to be fully explored and particularly so for the
 dependent capitalist economy which traditionally has had its develop
 ment process influenced and dictated to by external pressures and
 processes. It is a technology that is in fact becoming increasingly

 104



 Development of Electronics Technology

 science-based. Traditionally the transfer of technology has been of
 limited value and by virtue of the nature of this technology greater
 technological dependence and a greater disparity between the indus
 trialised market economies and dependent capitalist economies may
 follow. Furthermore those dependent capitalist economies which
 integrate the technology in their production systems may find them
 selves faced with specific problems in as much as the technology is in
 itself capital intensive. For those who refuse to do so it may be their
 role to become mere markets for the surplus commodities produced
 by the automated factory systems of industrialised capitalist eco
 nomies which are bound to face the problems of over-production. In
 that case their role will continue to be subordinate within the inter
 national division of labour.
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 1. The term 'vacuum tube era' as used in the paper is used only in the context
 of the history of electronics. The writer does not wish to suggest its usage
 outside this context.
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 RESUME

 Cet article donne de brèves indications sur le développement
 de la technologie électronique. Le but ainsi visé est d'abord de placer
 la parcelle de silicium dans son contexte et de réfléchir sur certains
 problèmes liés au développement des forces productives dans les éco
 nomies des pays capitalistes industrialisés. L'auteur examine la transi
 tion entre la période du «vaccum tube> et celle après 1947 qui vit le
 transistor, les circuits intégrés et les microprocesseurs devenir les
 principales composantes des outils informatiques. Ces outils et com
 posantes sont devenus maintenant nécessaires à la révolution actuelle
 qui est entrain de s'opérer dans les moyens de production des écono
 mies des pays capitalistes industrialisés. Ils reflètent aussi la sophisti
 cation particulière intervenue dans le développement de ce que nous
 pouvons appeler la technologie du silicium et marquent une incorpo
 ration progressive de la science dans le processus de production. L'au
 teur conclut son analyse en étudiant ce que cela implique pour les
 économies capitalistes dépendantes.
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