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The illustrations on the following foils are low
resolution images that visually support the
explanations of the individual steps.

For publishing purposes there are high
resolution JPEG files posted to the Intel website:
www.intel.com/pressroom/kits/chipmaking

Optionally same resolution (uncompressed)
Images are available as well. Please request
them from  markus.weingartner@intel.com
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Sand / Ingot

Sand

Silicon is the second most abundant
element in the earth's crust. Common

sand has a high percentage of silicon.

Silicond the starting material for
computer chipsdis asemiconductor,
meaning that it can be readily turned
into an excellent conductoror an
insulator of electricity, by the
introduction of minor amounts of
impurities.

Melted Silicond
scale: wafer level (~300mm/ 12 inch)

In order to be used for computer chips,
silicon must be purified so there is less
than one alien atom per billion. It ipulled
from a melted state to form asolid which
is a single, continuous and unbroken
crystal lattice in the shape of a cylinder,
known as an ingot.
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MonocrystallineSilicon Ingotd
scale: wafer level (~300mm/ 12 inch)

The ingot has a diameter of 300mm and
weighs about 100 kg.




Ingot / Wafer

Ingot Slicingd
scale: wafer level (~300mm / 12 inch)

The ingot is cut into individual silicon discs
called wafers. Each wafer has a diameter of
300mm and is about 1 mm thick.
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Waferd
scale: wafer level (~300mnY 12 inch)

The wafers are polished until they have flawless,
mirror-smooth surfaces. Intel buysnanufacturing
ready wafers from its suppliers.Wafer sizes have
increased over time, resulting in decreased costs per
chip.when Intel began making chips, wafers were only
50mm indiameter. Todaythey are 300mm, and the
industry has a plan to advance to 450mm.
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Fabrication of chips on a wafer consists of
hundreds of precisely controlled steps which
result in a series of patterned layers of various
materials one on top of another.

What follows is a sample of the most important
steps in this complex process.
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Photolithography

Applying Photoresist 8
scale: wafer level (~300mm / 12 inch)

Photolithography is the process by which
a specific pattern is imprinted on the
wafer. It starts with the application of a
liquid known as photoresist, which is
evenly poured onto the wafer while it
spins. It gets its name from the fact that
it is sensitive to certain frequencies of
light (o0photod) and
chemicals that will be used later to
remove portions of alayer of material
(0resisto).

Exposured
scale: wafer level (~300mm / 12 inch)

The photoresist is hardened, and portions of it are
exposed toultraviolet (UV) light, making it soluble.
The exposure is done using masks that act like
stencils, so only a specific pattern of photoresist
becomes soluble. The mask has an image of the
pattern that needs to go on the wafer; it is optically
reduced by a lens, and the exposure tool steps and
repeatseasrosstiheavafér to foon the same image a
large number of times.
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Resist Developmend

scale: wafer level (~300mm / 12 inch)
The soluble photoresist is removed by a
chemical process, leaving photoresist

pattern determined by whatwas on the
mask.
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lon Implantation

lon Implantationd
scale: wafer level (~300mm / 12 inch)

The wafer with patterned photoresist is
bombarded with a beam of ions (positively or
negatively charged atoms) whiclbecome
embedded beneaththe surface in the regions not
covered by photoresist. This process is called

Removing Photoresist
scale: wafer level (~300mm / 12 inch)

After ion implantation, the photoresist is
removed and the resulting wafer has a
pattern of doped regions in which

Begin Transistor Formatiord
scale: transistor level (~53200nm)

Herewe zoom into a tiny part of the
wafer, where a single transistor will be
formed. The green region represents

doping, because impurities are introduced into transistors will be formed. doped silicon. Toda
the silicon. This alters the conductive properties hundreds of billionsof such regions
of the silicon (making it conductive or insulating, which will housetransistors.

depending on the type of ion used) in selected
locations. Here we show the creation of wells,
which are regions within which transistors will be
formed.
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Etching

Etcho
scale: transistor level (~53200nm)

In order to create a fin for a trigate
transistor, a pattern of material called
a hard mask (blue) is applied using the
photolithography process just
described. Then a chemical is applied
to etch away unwanted silicon, leaving
behind a fin with a layer of hard mask
on top.
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RemovingPhotoresist o
scale: transistor level (~53200nm)

The hard mask is chemically removed, leaving a tall,
thin silicon fin which will contain the channel of a
transistor.
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Temporary Gate Formation

Silicon Dioxide Gate Dielectrit
scale: transistor level (~56200nm)
Using a photolithography step,
portions of the transistor are covered
with photoresist and a thin silicon
dioxide layer (red) is created by
inserting the wafer in an oxygenfilled
tube-furnace. This becomes a
temporary gate dielectric.

PolysiliconGate Electrodé
scale: transistor level (~560200nm)

Again using a photolithography step, a
temporary layer of polycrystalline silicon
(yellow) is created. This becomes a
temporary gate electrode.
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Insulatoro

scale: transistor level (~50200nm)

In another oxidation step, a silicon dioxide
layer is created over the entire wafer
(red/transparent layer) to insulate this
transistor from other elements.




Intel uses a nAngate | asto (al so knowr

Anreplacement met al gateo) techniaqg
creating transistor metal gates. This is done in

orderto  avoid transistor stability problems

which otherwise might arise as a result of some

subsequent high temperature process steps.
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NnGatleast o +HkiMgtdl Gate Formation

Removal of Sacrificial Gaté Applying Highk Dielectricd Metal Gate)

scale: transistor level (~56G200nm) scale: transistor level (~560200nm) scale: transistor level (~53200nm)

Using a masking step, the temporary Individual moleculatayers are appliedto the A metal gate electrode (blue) is formed
(sacrificial) gate electrode and gate surface ofthewa f er i n a pr oc es sovar thé walerdandpugiiga fithography
dielectric are etched away. The actual | ayer d eTheysllowtlayarsnsidown step, removed from regions other than
gate will now be formed; because the here represent two of these. Using a where the gate electrode is desired. The
first gate was removed, this procedure photolithography step, the highk material is combination of this and thehigh-k material
is known as ogat e | atHhHedaway fromthe undesired areas such as (thin yellow layer)gives the transistor

above the transparent silicon dioxide.
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much better performance and reduced
leakage than would be possible with a
traditional silicondioxide/polysilicongate.




