Silicon Wafer 101

 Silicon (Si) Wafer Basics
A Silicon wafer is a thin slice of silicon crystal (semiconductor material), used in the
fabrication of integrated circuit and other micro devices. The wafer serves as the substrate for
microelectronic devices that are built-in and over-the-wafer. This process undergoes many
micro fabrication steps such as doping or ion implantation, etching, deposition of various
materials, and photolithographic patterning etc.
Silicon is present in the sun and stars and is a principal component of a class of meteorites
known as aerolites. It is also a component of tektites, a natural glass of uncertain origin.
Silicon makes up 25.7% of the earth's crust, by weight, and is the second most abundant
element, being exceeded only by oxygen. Silicon is not found free in nature, but occurs chiefly
as the oxide and as silicates. Sand, quartz, rock crystal, amathyst, agate, flint, jasper, and opal
are some of the forms in which the oxide appears. Granite, hornblende, asbestos, feldspar,
clay, mica, etc. are but a few of the numerous silicate minerals.
Silicon is prepared commercially by heating silica and carbon in an electric furnace, using
carbon electrodes. Several other methods can be used for preparing the element. Amorphous
silicon can be prepared as a brown powder, which can be easily melted or vaporized. The
Czochralski process is commonly used to produce single crystals of silicon used for solid-state
or semiconductor devices. Hyperpure silicon can be prepared by the thermal decomposition of
ultra-pure trichlorosilane in a hydrogen atmosphere, and by a vacuum float zone process.

Properties
Atomic Number
Atomic Weight
Density
Melting Point
Electron Configuration
Hardness
Thermal Expansion
Refractive Index
Dielectric Constant
Discovered by

Value
14
28.086
2.33 g/cm3
14100C
2-8-4
7 Mohs
2.8-7.3 x 10-6/0C
3.42
11.7
Jons Berzelius in 1823
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Conductivity Type: This defines the type of charged-carrier in the crystal that is conducting electricity.
• N-type – Si material having electrons as the majority current carriers. Electrons have negative
charge (n). Doping with the impurities Phosphorous, Antimony and Arsenic creates n-type
material.
• P-type - Si material having holes as the majority current carriers. Holes have positive charge
(p). Doping with the impurity Boron creates p-type material.
Resistivity: The resistance to current flow and movement of electron and hole carries in the silicon.
Resistivity is related to the ratio of voltage across the silicon to the current flowing through the silicon per
unit volume of silicon. The units for resistivity are Ohm-cm, and these are the units used to specify the
resistivity of silicon wafers and crystals. Resistivity is controlled by adding impurities such as Arsenic
(As), Phosphorus (Ph), and Boron (B) to the silicon. As the amount of impurity or dopant is increased, the
resistivity is decreased. Heavy doped material has low resistivity.
Dopant: An intentional impurity such as Arsenic (As), Phosphorus (Ph), or Boron (B) added to the silicon
to engineer or alter the resistivity. As the dopant increases in concentration per cubic cm the resistivity is
reduced. Typical dopant levels in silicon are 1-100 ppma.
Sheet Resistance: The resistance to current flow and movement of electron and hole carries in the
silicon. Sheet resistance is related to the ratio of voltage across the silicon to the current flowing through
the silicon per unit surface area of silicon. The units for Sheet Resistance are Ohm/Square, and these are
the units typically used to specify the sheet resistance of silicon wafers having an epitaxial or diffusion
layer on the surface.
Diameter: The normal width across the wafer or diameter of the silicon wafer not in the region of the
flats or other marks. Typical and standard silicon wafer diameters are: 25.4mm (1”), 50.8mm (2”),
76.2mm (3”), 100mm, 125mm, 150mm, 200mm and 300mm.
Thickness: The normal distance through a slice or wafer in a direction normal to the surface at a given
point.
Total Thickness Variation (TTV): The maximum variation in the wafer thickness. Total Thickness
Variation is generally determined by measuring the wafer in 5 locations of a cross pattern (not too close
to the wafer edge) and calculating the maximum measured difference in thickness.
Orientation: The growth plane of the crystalline silicon. Orientations are described using Miller Indices
such as (100), (111), (110), (211), etc. Different growth planes and orientations have different
arrangements of the atoms or lattice as viewed from a particular angle.
Slice Orientation: The crystallographic orientation of the surface of a wafer. The primary and most
common slice orientations are <100>, <111> and <110>.
Primary Flat: The flat of longest length appearing in the circumference of the wafer. The primary flat
has a specific crystallographic orientation relative to the wafer surface.
Secondary Flat: The flat of shortest length appearing in the circumference of the wafer. The primary flat
has a specific crystallographic orientation relative to the wafer surface and the primary flat.
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Bow: Concavity, curvature, or deformation of the wafer centerline independent of any thickness variation
present.
Warp: Deviation from a plane of a slice or wafer centerline containing both concave and convex regions.
Haze Free: A silicon wafer having the best possible surface finish and micro-roughness on the order of
less than 10A.
Prime Grade: The highest grade of a silicon wafer. SEMI indicates the bulk, surface, and physical
properties required to label silicon wafers as “Prime Wafers”.
Reclaim Grade: A lower quality wafer that has been used in manufacturing and then reclaimed, etched
or polished, and then used a second time in manufacturing.
Test Grade: A virgin silicon wafer of lower quality than Prime, and used primarily for testing processes.
SEMI indicates the bulk, surface, and physical properties required to label silicon wafers as “Test Wafers”.
SOI: Silicon-on-Insulator (SOI) wafers are silicon wafers having an oxide layer buried below the surface
of the crystalline silicon. The wafer is a stack of material with silicon on top of oxide on top of silicon. SOI
wafers can be created by: 1) bonding two oxidized piece of silicon together (bonded wafers) to form the
stack, or 2) by using a heavy oxygen ion implant of the wafer followed by annealing (often known as
SIMOX).

SEMI Specifications for Si Wafers
Parameter
Diameter
Thickness
Primary
Flat Length
Secondary
Flat Length
Primary Flat
Location

2”
2.000 ±.015”
50.8 ± 0.38mm
0.011 ± 0.001”
279 ± 25um
0.625 ±0.065”
15.88 ± 1.65mm
0.315 ± 0.065”
8 ±1.65mm
{110}±1 deg

3”
3.000 ± 0.025”
76.2 ± 0.63mm
0.015 ± 0.001”
381 ± 25um
0.875 ± 0.125”
22.22 ± 3.17mm
0.44±.06”
11.18 ± 1.52mm
{110}±1 deg
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100mm
100 ± 0.5mm
525 ± 20 um
or 625 ± 20um
32.5 ± 2.5mm
18.0 ± 2.0mm
{110}±1 deg
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