
HISTORICAL NOTE 

Integrating the Circuit 
Little more than a décade after John Bar-

deen, Walter Brattain, and William Shock-
ley first demonstrated the transistor at Bell 
Laboratories in 1948, another révolution 
occurred in electronics. It became possible 
to form entire electronic circuits on a single 
thin slice of silicon and use them to control 
and amplify an electric current. Modern-
day integrated circuits are composed of 
numerous interconnected electronic 
components—transistors, diodes, capaci-
tors, or resistors—patterned onto the sur­
face of a tiny chip about l/20th of an inch 
square. 

During World War E, engineers realized 
the need to reduce the size of electronic 
equipment to accommodate advances in 
radar, recording média, piezoelectric crys-
tals, and other technologies. Several re-
search teams studied ways to miniaturize 
circuit construction. 

At this time, electronic circuits were 
composed of separate devices, each encap-
sulated in ceramic, métal, plastic, or glass 
and joined by welding or soldering. 
Printed circuit paths were etched in a métal 
foil bonded to a ceramic block; thèse paths 
electrically linked separate components 
mounted on the block. 

With the invention of the transistor, 
solid-state devices began the rapid and 
near-total replacement of vacuum tubes in 
electronic equipment. Transistors were 
much less expensive, much smaller, used 
less power, did not burn out in service at 
nearly as high a rate, and were generally 
more reliable than vacuum tubes. Srnall 
transistors attached to printed circuit 
boards made a much more compact pack­
age than vacuum tubes would ever allow. 
As early as 1952—long before transistors 
gained widespread acceptance in the elec­
tronics industry—Geoffrey W.A. Drum-
mer of Britain's Royal Signais and Radar 
Establishment proposed the possibility of 
creating "electronic equipment in a solid 
block with no Connecting wires." 

While such circuits could be laid down 
on any electrically inert substrate such as 
ceramic or glass, the success of transistors 
also suggested the enormous potential of 
semiconductor materials for other uses. A 
key property of semiconductors is that 
manufacturers can impregnate tiny 
amounts of impurities into precisely se-
lected areas, creating doped zones with ex­
cess positive or négative charge carriers. 

In the late 1950s, improvements in sili­
con purification allowed producing mate-
rial with high-enough quality for 

semiconductor devices. Germanium was 
the first material used for semiconductors 
because methods of purifying it suffi-
ciently had been known as early as World 
War H. However, silicon was much more 
abundant and less expensive than germa­
nium. And, because silicon has a larger 
band gap than germanium, it produces 
less noise at a given température, and it 
retains its semiconducting properties at 
higher températures. By the end of the 
1950s, silicon showed itself to be the best 
semiconducting material for mass 
production. 

Many transistors can be fabricated si-
multaneously on a single thin wafer of 
high-quality silicon, and the wafers can 
then be eut apart into individual chips. In 
1958, Jack Kilby of Texas Instruments real­
ized the practicality of combining passive 
electronic devices (resistors and capacitors) 
and active devices (transistors and diodes) 
ail on a single semiconducting substrate. 
That year, the first "monolithic integrated 
circuit," which contained at least one élé­
ment within the substrate itself, was suc-
cessfully demonstrated. 

Working independently of Kilby, Robert 
Noyce, Jean Hoerni, and Gordon Moore at 
Fairchild Semiconductor Company used 
planar technology and diffused junctions 
to develop a silicon integrated circuit. They 
used multiple diffusion steps to place the 
desired impurities in the surface of a silicon 
crystal, laying down the circuit paths. 
Their technique is the basis for most silicon 
integrated circuit processing today. Kilby is 
usually credited with developing the con­
cept for integrated circuits, while Noyce 
and co-workers are credited with the fabri­
cation method. 

After the groundwork for integrated cir­
cuits was laid, a number of companies and 
government research establishments be­
gan to push for further development. At 
that time, computers used hundreds of 
thousands of transistors, so integrated cir­
cuits (then called "micrologie éléments") 
seemed the best way to make computers 
smaller but more powerful. 

In the early 1960s, U.S. government inte­
grated circuit research focused on develop­
ing a compact, lightweight electronic 
guidance System for the Minuteman II in­
tercontinental ballistic missile. The circuits 
had to be accurate, reliable, and light­
weight. Because the Minuteman missiles 
were to be stored for long periods in deep 
underground silos, the circuits also had to 
resist moisture, température fluctuations, 

and the effects of aging. Each Minuteman 
II guidance computer eventually required 
nearly 3,000 integrated circuits. 

Integrated circuits are electrically faster 
than conventional circuits. Early integrated 
circuits operated at switching speeds up to 
one million bits per second; by 1989 they 
operated in excess of ten million bits per 
second, and they continue to increase by 
orders of magnitude. As switching speed 
increases, reducing the lengths of Connect­
ing pathways becomes more crucial to in­
crease speed. 

One important question regarding the 
first integrated circuits was whether their 
reliability decreased as their complexity in-
creased. The failure of complex, nonre-
pairable circuits sooner than simple 
devices would hâve severely constrained 
progress in electronics, but it was discov-
ered that an integrated circuit's reliability is 
independent of its complexity. 

The first mass-produced integrated cir­
cuit consisted of about 10 individual com­
ponents on a 3mm x 3mm silicon chip. The 
development of large-scale intégration 
(LSI) in the early 1970s made it possible to 
pack thousands of components on a chip 
of roughly the same size and for the same 
cost. Very large-scale intégration (VLSI), 
developed in the 1980s, vastly increased 
the circuit density, yielding more than 
three million transistors on a chip less than 
2 cm x 2 cm. Now research is moving into 
ultra-large-scale intégration (ULSI). 

In 1971 an Intel Corporation team intro-
duced the first microprocessor, an inte­
grated circuit containing ail the control 
circuitry, logic, and arithmetic necessary to 
carry out every function of an entire digital 
computer's central processing unit—on a 
single 5 mm x 5 mm silicon chip. This 
opened the door for massive expansion in 
the small electronics industry. 

The demand for microprocessors was 
spurred on by successful applications in 
manufacturing, such as one-armed robots 
for spot welding and numerically con-
trolled lathes. This large demand encour-
aged high-volume production of 
integrated circuits and microprocessors, 
leading to more efficient processes and 
dramatic drops in cost. Lower prices in 
turn led to use of microprocessors in 
household appliances and automobiles, 
items for which electronic controls had pre-
viously been too expensive. 

Today's rapid development of optical de-
vices, maturation of compound semicon­
ductors, and continued refinement of 
device processing is unfolding yet another 
génération of smaller, faster, more versatile 
circuitry. 

Kevin J. Anderson 

50 MRS BULLETIN/DECEMBER1991 

https://doi.org/10.1557/S0883769400055378 Published online by Cambridge University Press

https://doi.org/10.1557/S0883769400055378


The world's leading 
publication program 

onbaskandapplied 
THIN FILMS ^ * v research. 

NANO 
STRUCTURES 

SURFACES INTERFACES 
Important information on prominent 

Elsevier joumals on surfaces, 
nano-structures, interfaces 

and thin films: 

EDITORIAL CHANGES: 

• APPLIED SURFACE SCIENCE . 

NUCLEAR INSTRUMENTS AND. 
METHODS SECTION B 

• SURFACE SCIENCE 

• THIN SOLID FILMS 

IMPORTANT NEWS: 

• SURFACE SCIENCE LETTERS _ 

• SURFACE SCIENCE REPORTS . 

• THIN SOLID FILMS 

. Completing the editorial team: 
Jun-lchi Nishizawa 
Tohuku University, Sendai, Japan 

. Editor for the Americas, Far East and 
Australasia as of November 1991: 
Lynn E. Rehn 
Argonne National Laboratories, Argonne, U.S.A. 

Editor-in-Chief as ofJanuary 1992: 
Charles B. Duke 
Xerox Webster Research Center, Webster, U.S.A. 

. New Editor-in-Chief as ofJanuary 1991: 
Joseph E. Greene 
University of Illinois, Urbana, U.S.A. 

. Average publication decreased from 15 to 12 weeks! 

. Most highly cited journal in its category: 
impact factor: 14,85 ! 

. New double column formatas ofJanuary 1992 

Forthcoming articles of thèse joumals are announced through electronic mail in 
CONTENTS-ALERT. Apply for your free Personal subscription at: 
Bitnet: C-ALERT @ ELSEVIER.NL 

Major référence works such as Handbooks (on e.g. Synchrotron Radiation, Semiconductors, 
Surface Science) and Reports Joumals complète the program. 

For our complète catalogue, free sample copies, further information or assistance: 

ELSEVIER SCIENCE PUBLISHERS 

P.O. Box 103, 
1000 AC Amsterdam, 
The Netherlands 

Tel: +31 -20-5862511, Télex: 10704 
Fax:+31-20-5862580 

ELSEVIER SCIENCE PUBLISHING CO., INC. 

Journal Information Center 
P.O. Box 882, 
New York, NY10159U.SA 

Tel: (212) 633-3753 
Fax:(212)633-3764 

^ ELSEVIER 

AMSTERDAM • LAUSANNE • LONDON • NEW YORK • OXFORD • TOKYO 

Circle No. 15 on Reader Service Card. 

https://doi.org/10.1557/S0883769400055378 Published online by Cambridge University Press

https://doi.org/10.1557/S0883769400055378

