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Integrated Circuits: An Unprecedented Journey

~13,000,000,000,000,000,000,000 (13 sextillion)
# transistors 
created to date

Electronics and Computing



History of Integrated Circuits

Germanium IC
Jack Kilby

Texas InstrumentsFrom To

Silicon IC
Robert Noyce

Fairchild 
Semiconductor

A 10,000,000,000 fold 
increase in 60 years

1 Transistor
3 Resistors
1 Capacitor

circa 1958-59

circa 2018
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Qualcomm Centriq 2400
(48-core data center SoC)

~18 Billion transistors
(10 nm)

NVIDIA Volta GV100 
(Graphics processor 

with 5120+640 “cores”)
21 Billion transistors

(12 nm)
Flip-flop
(4 Transistors
5 Resistors)



Moore’s Law

• An empirical observation (and prediction) of the growth in number of transistors in 
integrated circuits over time 5

Gordon E. Moore
Co-founder and
Chairman Emeritus
Intel

Source: intel.com



Moore’s Law … 
in his own words

The future of integrated electronics 
is the future of electronics 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 computers – or at 
least terminals connected to a central 
computer – automatic controls for 
automobiles, and personal portable 
communications equipment.
….
….
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Moore’s Law … 
in his own words

Reduced cost is one of the big 
attractions of integrated electronics
….
For simple circuits, the cost per 
component is nearly inversely
proportional to the number of 
components, the result of the 
equivalent piece of semiconductor 
in the equivalent package
containing more components. But 
as components are added,
decreased yields more than 
compensate for the increased
complexity, tending to raise the 
cost per component. Thus
there is a minimum cost at any 
given time in the evolution of
the technology.
….
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Moore’s Law … 
in his own words

….
….
The complexity for minimum 
component costs has increased
at a rate of roughly a factor of two 
per year (see graph).

Certainly over the short term this 
rate can be expected to continue, if 
not to increase.
Over the longer term, the rate of 
increase is a bit more uncertain, 
although there is no reason to 
believe it will not remain nearly 
constant for at least 10 years. That 
means by 1975, the number of 
components per integrated circuit 
for minimum cost
will be 65,000.
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