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The future of integrated electronics is the future of electron-
ics itself.  The advantages of integration will bring about a
proliferation of electronics, pushing this science into many
new areas.

Integrated circuits will lead to such wonders as home
computersóor at least terminals connected to a central com-
puteróautomatic controls for automobiles, and personal
portable communications equipment.  The electronic wrist-
watch needs only a display to be feasible today.

But the biggest potential lies in the production of large
systems.  In telephone communications, integrated circuits
in digital filters will separate channels on multiplex equip-
ment.  Integrated circuits will also switch telephone circuits
and perform data processing.

Computers will be more powerful, and will be organized
in completely different ways.  For example, memories built
of integrated electronics may be distributed throughout the

machine instead of being concentrated in a central unit.  In
addition, the improved reliability made possible by integrated
circuits will allow the construction of larger processing units.
Machines similar to those in existence today will be built at
lower costs and with faster turn-around.

Present and future
By integrated electronics, I mean all the various tech-

nologies which are referred to as microelectronics today as
well as any additional ones that result in electronics func-
tions supplied to the user as irreducible units.  These tech-
nologies were first investigated in the late 1950ís.  The ob-
ject was to miniaturize electronics equipment to include in-
creasingly complex electronic functions in limited space with
minimum weight.  Several approaches evolved, including
microassembly techniques for individual components, thin-
film structures and semiconductor integrated circuits.

Each approach evolved rapidly and converged so that
each borrowed techniques from another.  Many researchers
believe the way of the future to be a combination of the vari-
ous approaches.

The advocates of semiconductor integrated circuitry are
already using the improved characteristics of thin-film resis-
tors by applying such films directly to an active semiconduc-
tor substrate.  Those advocating a technology based upon
films are developing sophisticated techniques for the attach-
ment of active semiconductor devices to the passive film ar-
rays.

Both approaches have worked well and are being used
in equipment today.

Cramming more components
onto integrated circuits

With unit cost falling as the number of components per

circuit rises, by 1975 economics may dictate squeezing as

many as 65,000 components on a single silicon chip
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The experts look ahead

[Gordon Moore, 1965]
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a two-mil square can also contain several kilohms of resis-
tance or a few diodes.  This allows at least 500 components
per linear inch or a quarter million per square inch. Thus,
65,000 components need occupy only about one-fourth a
square inch.

On the silicon wafer currently used, usually an inch or
more in diameter, there is ample room for such a structure if
the components can be closely packed with no space wasted
for interconnection patterns.  This is realistic, since efforts to
achieve a level of complexity above the presently available
integrated circuits are already underway using multilayer
metalization patterns separated by dielectric films.  Such a
density of components can be achieved by present optical
techniques and does not require the more exotic techniques,
such as electron beam operations, which are being studied to
make even smaller structures.

Increasing the yield
There is no fundamental obstacle to achieving device

yields of 100%.  At present, packaging costs so far exceed
the cost of the semiconductor structure itself that there is no
incentive to improve yields, but they can be raised as high as

is economically justified.  No barrier exists comparable to
the thermodynamic equilibrium considerations that often  limit
yields in chemical reactions; it is not even necessary to do
any fundamental research or to replace present processes.
Only the engineering effort is needed.

In the early days of integrated circuitry, when yields were
extremely low, there was such incentive.  Today ordinary in-
tegrated circuits are made with yields comparable with those
obtained for individual semiconductor devices.  The same
pattern will make larger arrays economical, if other consid-
erations make such arrays desirable.

Heat problem
Will it be possible to remove the heat generated by tens

of thousands of components in a single silicon chip?
If we could shrink the volume of a standard high-speed

digital computer to that required for the components them-
selves, we would expect it to glow brightly with present power
dissipation.  But it wonít happen with integrated circuits.
Since integrated electronic structures are two-dimensional,
they have a surface available for cooling close to each center
of heat generation.  In addition, power is needed primarily to
drive the various lines and capacitances associated with the
system.  As long as a function is confined to a small area on
a wafer, the amount of capacitance which must be driven is
distinctly limited.  In fact, shrinking dimensions on an inte-
grated structure makes it possible to operate the structure at
higher speed for the same power per unit area.

Day of reckoning
Clearly, we will be able to build such component-

crammed equipment.  Next, we ask under what circumstances
we should do it.  The total cost of making a particular system
function must be minimized.  To do so, we could amortize
the engineering over several identical items, or evolve flex-
ible techniques for the engineering of large functions so that
no disproportionate expense need be borne by a particular
array.  Perhaps newly devised design automation procedures
could translate from logic diagram to technological realiza-
tion without any special engineering.

It may prove to be more economical to build large
[Gordon Moore, 1965]
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• Mer för samma pris! 

• Varje år! 

• I femti år!

[Unilever]



…vilket får vissa 
konsekvenser…



Komplexitet

• 1997 

• SMS 

• Väckning 

• Flera ringsignaler

• 2013 

• Web browser 

• Bluetooth 

• WiFi 

• Video 

• Kameror 

• Kalender 

• MP3-spelare 

• Android / Linux  

• Färgskärm 

• Multitouch 

• Addressbok 

• Kontinuerligt internet 

• Sociala medier 

• App store …



Effektförbrukning



Pålitlighet

[David Kimble]



Pris? Andra krav? 



Survival guide 
för 

konstruktörer!?!



Tjuvtricks:

• Ordning och reda.  

• Datorstöd för ungefär allt.  

• Återanvändning och massproduktion. 

• Varianter via mjukvara. 



Kurser
• Grundläggande datorteknik: EDA433 / EDA452 / DIT791 

• Programmering av inbyggda system: DAT016 / 
EDA481 / DIT152   

• Datatekniskt projekt: DAT290 / DIT214 

• Datorsystemteknik: EDA331 / DIT122 

• Digital konstruktion: EDA322 / DIT795 

• Digital konstruktion, projektkurs: EDA234 / DIT796



Masterprogram
• Embedded Electronic System Design (“EESD”, 

“MPEES”) 

• Fördjupning inom tekniska discipliner; men också… 

• …“systemiska aspekter”:  

• Hård / mjuk 

• Analog / digital  

• Större konstruktionsprojekt 



Forskning



[Anders Larsson, MC2]



[Erik Ryman, Omnisys + D&IT]



[Adapteva Inc]
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[Ioannis Sourdis, D&IT]



Jobb?

• Japp. 
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