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Meited Siicon - ono-crystal.
With about 25% (mass) Siicon s - after scale: wafer level (~300mm / 12 inch) scaie; wafer level (~300mm / 12 inch)
Oxygen - the second most frequent chemical  Sificon Is purified In muttiple steps to Aningot has been produced from
slemant in the earth's erust. Sand - finally reach semiconductor manofacturing  Electronic Grade Silicon. One ingot
especially Quartz - has high percentages of quality which is calied Blectronic Grade weights about 100 kilegrams (=220
Silicon in the form of Silicon dicodde (SI0.) Silicon. Electronic Grade Silicon may only pounds) and has a Silicon purity of
and is the base ingradient for semiconductar  Dave one alian atom every ane hillion 9999999,
manufacturing. Siicon atoms. in this picture you can see

how one big orystal is grown from the

purified silicon mett. The resulting maono

crystal is called Ingot.
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wiafer -
scales wafer leved (~300mm / 12 inch)

The wafers are polished untdl they have
Ingot Slicing - flawless, mirror-smooth surfaces. Intel buys
scale: wafer level (~300mm / 12 inch) those manufacturing ready wafers from
The Ingat s cut into individual siScon discs third party companies. Intel's highly

called wafers. advanced 45nm High-K/Motal Gate process
uses wafers with a diameter of 300
millimeter (~12 inches). When Inted first
Began making chips, the company printed
cirouits on 2-inch (S0mm) wafers. Now the
company uses 200mm waters, resulting in
decreased costs per chip.
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mmnmmummwwmnm Exposure -

Applying Phato Resist - &

lightt. The chemical reaction triggered by that process scale: transistor level {~50-200nm)
scale: wafer leve! (~300mm S 12inch)  step is similar te what happens to film materialin a Although usually hundreds of
The liguid (blue hene) that's pouwred filrm camera the Moment you press the shutter microprocessors ane built on a single water,
onto the water while it spins is aphoto  button. The photo resist finish that's exposed to UV this picture stery will only foous on a small

resist finish simiar as the one known lightt will become soluble. The expasure is done using piece of a MiKroprooesser from Now on = on
from film phatography. The wafer masks that act ke stencils in this process step. When a transistor or parts thereof, A transistor

£ping during this step to allow very used with UV Bght, masks create the varkous cirouit acts as 2 switch, controfling the flow of

thin and even apphcation of this photo patterns on each layer of the microprocessor, A lens electrical current in a computer chip. intel

resist layer. (middie) reduces the mask’s image. 5o what pets researchers have developed transistors so
printed on the wafer is typically four times smaller small that about 30 millicn of them could fit
linearly than the mask's pattern. on the head of a pin.
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Washing off of Photo Resist -
Remaving Photo Resist -

S, TSt RC (90 ey, “""E’ l‘ransn'sfe}r leve! (~50-2000m) scale; transistor level (~50-200nm)

The gooey photo resist is completely The phata resist is protecting material After the etching the phete resist is

dissolved by a safvent. This reveals a that should nat be etched away. Revealed ramoved and the desired shape becomes

wt;ﬂﬂﬂfwwfmtmadehrﬂt material wil be etched away with vicihia:

ma chemicals.

E BB, BRSNS C IR B FR Ay 2 ALl AT AR P AR IR o BT 53
FERIL B, WIS B0 00 it & it U BRI BB o R R OR IR IR A
FUSA DRI RERT TR ] AE T — DAy, A ORI o ANl iz 4t feJim AT
RERMS Tt et AR AT 20 NSRRI R T

AP Fhiom fe = Removing Photo Resist -

scale: transistor level (~50-200nm) scafﬁnmmrleu'ei (~50-200mm) seale: transistor hevel (~50-200nm)
There's phato resist (blue color) Through a process called ion implantation (one After the lon implantation the photo
applied, exposed and expased photo form of 3 process called daping), the exposed resist will be removed and the material
resist is bedng washed off before the areas of the silicon wafer are bombarded with that should have been doped {green)
next step. The photo resést will protect various chemical impurnites called lons. lons ane has afien atoms implantad now (notice
material that should not get jons implanted in the silicon wafer to alter the way siight variations In color]

Implanted. silicon in these areas conducts electricity. lons are

shot onte the surface of the wafer at very high

speed. An electrical field accelerates the ions to a

speed of over 300,000 km/h (~185.000 mph)
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Tt Electropiating -
h_ scale: transistor leved (~50-200nm) T

scale: transistor leved (=50-200nm) - fe: transistor level (~50-200nm])
The waters are put inta a copper sulphate e

This transistor is cose to being finished. LT :

otaptes soluticn as this stage. The copper lons are 30 TN ol A L I AV CUN Rl

““"I '_“"“Iﬂw“ uam:m‘d::hme deposited onto the transistor thru a settleas a thin layer of copper.

the transistor, These three hodes will be process calied electropiating. The copper
fons travel from the positive terminal

e i {ancde) to the negative terminal (cathode)
which is represented by the wafer.
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Polishing -

seale: ransistor level [=50-2000m)

The excess material ks polished off, Metal Layers - scale transistor level (six transistors combined ~500nm)
Multiphe miztal bayirs are created 10 interconnect {think: wires) in botwesn thi
various transistors. How these connections have 1o be “wired” is determined by the
architecture and design teams that deveiop the functionality of the respective
processar (e.g intel® Core™ |7 Processor ). While computer chips look extremedy flat,
they may actually have over 20 layers 1o form complex circuitny. If you look at a
magrified view of a chip, you will see an intricate metwork of circuit ines and
transistors that look lie a futuristic, mutt-layered highway system.
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