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Many people today use several forms of computer

1T 1

technology in their daily lives. For example, a student might
‘ have a tablet on their desk so they can complete a math

test and have it scored as soon as they've finished. They
might also have a smartphone in their pocket. The student
might also be wearing a watch that's connected to their
smartphone so they can access information while walking in
the halls or eating lunch.

All of this connectivity is possible because
computerized devices have integrated circuits. An integrated
circuit is an electronic circuit that's built onto a small, hard
surface of semiconducting matenal. Integrated circuits are
sometimes called chips or microchips. Without integrated
circuits and new advances in circuit design, powerful and
small devices like tablets, smartphones, and smartwatches
wouldn't be possible.
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Integrated circuits make
it possible for technology s

to be portable.
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The first computers filled whole rooms with

- mechanical switches. Later, vacuum tubes were used

‘ to transmit information in computers. Computers were

housed in special rooms to keep them cool and provide
space for all the components.

In the 1950s, scientists began to use transistors in SRS
computers. However, computers that used transistors were |, .., .
still very large. Each transistor had to be connected to other
components with wires. The electric signals had to pass o
through all this wire. The speed of the computer depended * '

on the length of the wires linking the components. All the

connections between individual items on a circuit board e
meant that computers sometimes had problems with
1010
connections failing.
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A semiconductor
device with two
connections.

Dver time, computers
and other devices have
thanged. Computers have
become smaller, slimmer,
and more efficient.

transistor

A semiconductor
device with three
connections.

resistor

A device designed
to resist, or
block, the passing
of an electric
current.

= =
capacitor =~ 7
A device used ;
to store an |1- S
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In the 1950s, computer scientists began to think about
. how to improve a computer’s reliability, size, and speed.

A British engineer named Geoffrey Dummer was the first

person to suggest the idea of integrated circuits.

Dummer proposed that the transistors and connections
that were then included on circuit boards could all be made
in a solid block. He said that the block could contain layers
of transistors, amplifying components, conductors, and
insulators. He said that the layers of the block could be
cut away to make connections. In the late 1950s, Dummer
made a model from a block of silicon (an element) with
four transistors,
insulators, and
connectors.

_ Unfurtunately, the
idea didn't take off |

=013

right away
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Over his lifetime, Dummer
received several awards and
honors for his electrical
engineering work.



In the late 1950s and early 1960s, two men working

.. for different companies in the United States had ideas
| much like Dummer's. The two men were Jack Kilby, who

worked for a company called Texas Instruments, and Robert

Noyce, who worked for his own company called Fairchild

Semiconductor. Kilby and Noyce both proposed that silicon «

blocks could be used to make all parts of a circuit. PR,
Silicon was already used to make some transistors,

but Kilby decided that diodes, resistors, and capacitors e

could also be made from silicon. Both companies were B

given patents for the idea. By the late 1960s, creating -

and using integrated circuit chips was a big business. EGEEEE 00
Integrated circuits made a difference in the size and speed

P o
of electronic devices.
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What was this integrated circuit that was quickly

. changing the computer industry? It was exactly what

‘ Dummer proposed: an electrical circuit including transistors

and other components, all made out of a very small block of
semiconducting material, usually silicon. Here is a picture

of a circuit board with transistors, diodes, resistors, and
capacitors all connected with wires. The wires are not visible
because they are on the underside of the board, but you can
see the connectors going through holes in the board.

Here is an integrated circuit placed on a fingertip. You can
see why integrated circuits changed technology. We have
moved from boards, with individual components that had to
be carefully connected, to single blocks that contain all the
components and the connectors.
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Now think of these components in an integrated circuit.
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Integrated circuits can perform many different

-+ functions. They can be used to make timers, counters,

‘ amplifiers, computer memory, and microprocessors. What

an integrated circuit chip does depends on the design of
the circuit.

The design process for microchips has many steps. o
Computer-assisted design (CAD) supports the work at e N
every step of the process. The first steps focus on what
the chip should do, the overall design of the circuit, and the RI=LR
logic design needed by the circuit. The next steps focuson =

the physical design of the system and testing that design.

Next, the design is used to create photomasks. Work then ==~ **
moves from the design stage to the fabrication stage.

1010

17101 1

RO 1on

g
oo

10004 o
187 T-E31-0-1-7
N 101
! / 1010
afi1oliohoi 1ok

10 1

100101



1B ]

| I'IH

—
—
-

—

—
-
n|

LI
8l
o .



The fabrication stage includes the creation of very

1 pure, polished silicon wafers. Silica, also known as silicon

‘ dioxide (SiO,), is a major part of sand. Silica exists in nature
as a rock called quartz. The silica taken from quartz is used
to make microchips. Silica is converted to pure silicon,
which is cut into wafers. The wafers are then cleaned 01
and polished. The wafers are used with photomasks in a W 11010
process to transfer the pattern of the mask to the surface
of the wafer. There are many steps to using masks, with o
special steps in between to separate the parts.

A finished wafer can be cut into many pieces, each

with the desired properties. These are microchips. After R
testing, microchips are packaged in ceramic coverings with
1030
appropriate connectors.
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A man named Gordon Moore forecast the future of

. integrated circuits. Moore was the director of research and
development for Fairchild Semiconductors. Using data

from 1959 to 1964, Moore said in 1965 that the number of =00
components that could be included in an integrated circurt

would double every year for 20 years. By 1975, the data CRE
showed that he was right! e
Advances came from changes in the processes used
to produce silicon wafers and integrated circuits. More o
components could be included on each chip because =L
computer engineers worked to produce better circuit =
designs and better layouts for the components. The ==
challenge of what came to be
known as “Moore’s law” led
to advances in the science
of production and the art of

Lo A |

designing integrated circuits.
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In 1975, Moore said that the number of components

-+ would double every two years instead of one. Engineers

| have worked hard to meet that challenge. Today, however,

the rate of growth has slowed and Moore's law may no
longer hold true.

The growth rate continued for some time because o
components in integrated circuits have gotten smaller. I
Now, some people think transistors often used in integrated
circuits can't be made any smaller. Even if integrated 1o
circuits can be smaller, some manufacturers feel that it k'
won't be cost-effective to make them that small. Integrated

circuits today are very cost-effective. However, new S —
materials and new structures within integrated circuits may
00
make it possible for them to continue to become smaller.
11811
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A new design idea called 3-D packaging suggests
that each small chip can be stacked onto others before the

chips are packaged. Stacking the chips means less space is
needed. Also, scientists are developing new,
faster semiconductors.

Another idea called spintronics is beingused toreach =1
higher computing speeds. Spintronics uses the spin of m NS
individual electrons in graphene to encode data. Graphene
Is a thin layer of pure carbon formed with one layer of carbon o
atoms tightly packed together. Also, the transistors usedin ="
integrated circuits are being redesigned using metals instead :

of silicon. B
As new advances In integrated circuits are made, the
technology we use in our daily lives will continue to change. =
When the first computers were made, few people could i
imagine that someday ordinary people would be able tocarry |
1010100

computer technology in their pockets. However, integrated
circuits made this possible. We may continue to be surprised = '

1010

by what the future of computer technology has in store.
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Glossary

access: The ability to use or enter something.
amplify: To increase the strength or amount of something. r o
component: One of the important parts of something.

encode: To convert information into a coded form.

fabrication: The process of constructing something out of parts.
logic: The steps of thought used to solve or understand a problem.

patent: A document that grants the right from the government to
make, use, or sell an invention.

photomask: A photographic pattem used in making microcircuits.
portable: Able to be carried or moved around.

semiconducting: Having the ability to conduct or transfer
electricity under certain circumstances.

technology: Industry that deals with electronics and computers.

transistor: A device used to control the flow of electricity in
computers and other electronic devices.

transmit: To pass something from one thing to another.
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Book IndeXx

What Are Integrated Circuits?

What Are Integrated Circuits”? Patricia Harris. Spotlight on Kids Can
Code New York, NY: PowerKids Press, 2018. 24 pp.

This book traces the development of integrated circuits and
shows what they might make possible in the near future. It
covers the history of computers and how they were originally
housed in large rooms but now, thanks to miniaturization, a
whole computer system can be integrated on a single chip.
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