HOWTO MAKE
AN INTEGRATED
CIRCUIT

A step-by-step guide
for the serious do-it-vourselfer.



In less than two decades, semiconductor
technology has grown from a laboratory
oddity to a 20-billion dollar industry — 40
billion by 1988! Electronic “chips” not much
bigger than a single letter on this page
today contain the circuitry and capability
previously requiring a roomful of electronic
equipment.

Several Humphrey valves and cylinders
are involved in this rapidly expanding
industry.

The following overview has been written
for the relative newcomer to these elec-
tronic concepts. Experts may criticize a
few of our simplified explanations of highly
complex functions, but we believe that, if
you read this little piece thoughtfully, you'll
have a good background with which to
approach a more thorough study.

1 A .' %

% -
g
4. 4]
;. ~
ﬁr . I

First take several tons of sand — extracted
from quartz rock — and extract the silicon
it contains. Refine the silicon to the highest
possible purity, and throw away whatever
is left over.

Place the silicon in a special crucible
with a small amount of a substance called
“dopant.” This dopant will determine the
kind of electrical properties you want the
silicon to have. Next, heat the mixture until
it melts, and then set the temperature just
hot enough to keep the mixture molten
(that’s usually around 2600° F).



Dip a tiny solid grain of silicon called a
“seed” into the molten mixture. Don't let
go. Turn the seed at about 15 rpm, and
pull it out of the mixture slowly — at about
1 inch per hour. A crystal will begin to form
around the seed and will “grow” as it’s
withdrawn from the crucible. Eventually,
you'll have a long, bar-like, single structure
crystal which is about 4-6" in diameter
and can be as long as six feet.

Cut off the pointed ends, grind the sides
smooth, and then cut the crystal into as
many thin slices as you can. Clean up each
slice, lap it for flatness, and round off any
rough edges.
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Dunk a slice in a concentrated acid bath.
This is called “chemical etching” and it's



done to remove any surface damage and
to make the slices yet thinner. It is at this
point that the slices are properly called
“wafers.”

Polish one side of the wafer to a perfect
mirrored surface. Now you're ready to install
the actual circuitry.
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SILICON WAFER

Here comes a real tricky part. On the
polished side of the wafer, form an
“epitaxial” semiconductor film. This film
is less than 1/1000 of an inch thick and
has specific electronic characteristics. This
is a very complex step, requiring highly
sophisticated equipment.
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Over the epitaxial film, induce a silicon
oxide coating. Over that, place another
coating of a “photoresist” lacquer. Over
that, place a "mask” with the desired elec-
tronic pattern. Now expose the surface to
ultraviolet light.
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Next, present the surface of the chip to
an extremely corrosive gas called a
“plasma.” This gas eats away the masked
portion of the photoresist not exposed to
the ultraviolet light and thus etches a circuit
pattern on the silicon wafer. The epitaxial
surface thus revealed constitutes the
channels which, when filled with conductive
materials, will function as the chip’s “wires.”

Add a coating of silicon and then repeat
steps 7 through 9 for a second layer of
circuitry. You can do this at least 11 times.
Between layers you may wish to inlay
materials called “dopants” which will vary
the resistance of the circuit channels and
thus define the function of the finished
product.
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Each wafer may contain as many as 1000
multi-layered circuits which are.usually
— but not necessarily — identical to each
other. The next step is to cut them apart.
This is called “scribing” or “dicing.” Each
chip or “die” is small enough for a single
ant to pick up and carry away.



Mount the chip on a stamped lead-wire
harness in a process called die bonding,
then encapsulate this assembly in the final
package. The most common package is
called a Dual In-line Package or "DIP.”

You have just made your first integrated
circuit. But does it work? You'll want to
submit it to a series of rigorous tests. If it
flunks any single test, throw it away and
start all over again. If it passes everything,
you're entitled to a champagne celebra-
tion. Congratulations!

Humphrey Semicon Glossary

Boat. Container used fo carry
wafers during the various
manufacturing stages.

Chemical Etching. An acid
bath to remove surface
damage and to make the
silicon crystal slices thinner.

Chemical Vapor Deposition
(CVD). The silicon wafer is
exposed to hot vapors of silicon
and metal gases. These vapors
condense on the surface,
forming an extremely fine layer
upon which additional circuits
may be laid.

Chip. A small piece of silicon
that is @ complete semi-
conductor device or
integrated circuit.

Crystal. The product resulting
from the combination of silicon
and dopant under exireme
heat.

Deposition. A laying or putting

down of conductive and non-
conductive materials.

Dicing. See scribing.
Die. See chip.

Die Bonding. The method of
securing the die in a package
and attaching chip terminals
to the package terminals.

Diffusion. Selective filling of
grooves and spaces made by
the masking and etching.

DIP. Dual Inline Package.
Most common package.

Dopant. An “impurity” added
to silicon which later determines
the finished product's electrical
properties called “type” and
“resistivity.”

Doping. A method whereby
the conductivity of a semi-
conductor is increased by
adding a dopant to the
silicon.



GLOSSARY CONT.

Encapsulation. Term used to
describe the packaging of
the chip.

Epitaxy. The growing of one
material on another. In IC
manufacturing this offen means
that an n-type epitaxial layer is
grown, by deposition, on a
p-type substrate.
Hybrid-circuit. An integrated
circuit where all the compo-
nents are fabricated in a
miniaturized form and in a form
capable of easy and compact
interconnection. They are
fabricated from whatever ma-
terials are best suited to the
individual component function.

Integrated Circuit (IC). A
semiconductor circuit com-
bining many electronic com-
ponents in a single substrate,
usually silicon.

Lapping. The method of grind-
ing the “flat” along one side of
the length of the crystal.

LCC. Leadless Chip Carrier.

LTO. Low Temperature Oxida-
fion.

MOS. Metal Oxide Semi-
conductor.

n-fype. Silicon doped

with phosphorus becomes a
substance with loosely held
electrons. This is called n-type
Silicon.

Package. The term for the
frame in which the chip is
mounted and sealed.

p-type. Silicon doped

with boron has the ability fo
take on exira electrons. The
places where electrons are

missing are called holes. This
is called p-type Silicon.

Photo Mask (Mask). A glass
photographic plate that con-
tains the circuit pattern used in
the silicon-chip fabrication
process.

Photoresist. A light sensitive
chemical used to coat the
wafer. When developed and
removed by processes similar
to those used in photography,
the exposed photoresist
adheres strongly o the chip
and the unexposed portion is
etched away, forming a
circuit pattern.

Plasma Etching. Etching of
electrical circuits done with
gas containing fluorine or
chlorine rather than using
wet chemicals.

Scribing. The means whereby
individual chips are cut from
the wafer at the completion of
the manufacturing process.

Semiconductor. An element
whose electrical conductivity
is less than that of a conductor,
such as copper, and greater
than that of an insulator, such
as glass. Silicon or germanium
are the most common semi-
conductors.

VLSI. Very Large-Scale
Integration. Integrated circuits
containing on the order of
20,000 logic gates, or more
than 64,000 bits of memory.

Wafer. A thin disk of silicon
crystal on which many chips
are fabricated at one time.

A single wafer may contain up
to 1000 individual chips.

Helping make today’s integrated circuits
— every step of the way.
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