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A Si wafer may be of 200 mm diameter and 0.45 mm thick, or 300 mm diameter
and 1 mm thick. Thus, a typical wafer will be of the size of a plate, but with less
thickness. The material is fragile and hence should be handled carefully.

Although the wafer thickness is at least 0.45 mm, the transistors are made within
the first micron or less. Thus, only 0.1% of the entire thickness of the wafer iIs used.
The remaining is used mainly for mechanical strength.

In the manufacturing line, the transistors are made first and then the interconnects
are made. The processes involved in making the transistors are called Front End Of
Line (FEOL) and the process of making the interconnects are called Back End Of
Line (BEOL).

While transistors are made in one level (one layer) of the wafer, the interconnects can
not be made in one level, since the connections are very complex. The interconnects
are made in 4 or more levels and some of the advanced chips use up to 9 levels of

interconnects A

N.Hatefi-Kargan: Department of Physics
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The following figure shows a processing with two levels.

Second-level

Basic two level metallization process may
use polyimide, oxide or nitride as an
Interlevel dielectric.

First-level Si
metal

(a)

Filled
via
Second-level metal

Additional process steps may be required
to fill the vias with metals prior to each

metallization to achieve more planer CoJ
structure.

7

Planarizing
dielectric

First-level _
metal Si

(b)
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For fabricating a chip, for example a cell phone chip:

1- In the first stage, the electronics engineers will design the chip. The number of
transistors and diodes and resistances in the circuit will be known, but the exact

location will not be decided.

2- In the second stage, the electrical circuit will be converted into a physical
layout. Now, the exact location of each transistor and other devices will be known.

However, it is only ‘on paper’ (in this case, ‘soft copy’).

3- In the third stage a set of ‘masks’ will be made and from the masks, using
various processes, millions of chips will be made. This process can also be thought
of as printing many copies of photos from a negative. At the end, the chips will be
tested and the passing chips will be sold.

The course focuses mainly on the details of the third stage.

N.Hatefi-Kargan: Department of Physics
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In the interconnects, the vertical wires touching the transistors are called ‘contacts’. Usually
they are made of tungsten (W). All the other vertical wires (i.e. connecting first level and second
level, or connecting “N”th level to “N+1”st level) are called ‘vias’. The horizontal wires are called

‘metal lines’ or sometimes just ‘metal’.

In the industry jargon, M1 refers to “metal lines at level 1”7, M2 refers to “metal lines
at level 2” and so on. Similarly, “vial2” refers to via layer connecting M1 and M2,
‘via23’ refers to via layer connecting metal 2 to metal 3 and so on. The layer
connecting the transistor and M1 are referred to as “contacts” as we noted earlier.

When the interconnect metal is aluminum, all the ‘metal lines’ are made of aluminum,
while all the contacts and vias are made of tungsten. When the interconnect metal is
copper, all the metal lines and vias are made of copper, but the contacts are still made
with tungsten.

The thickness of the interconnect wires may be of the order of 100 nm or so and length
may be several microns. It is not possible to add materials of exact size only in the
places where want. Thus, a typical process sequence will involve adding a material to
the wafer and removing excess material from unwanted places. 9
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(b)

Process sequence for a semirecessed oxide NMOS process. (a) Silicon wafer
covered with silicon nitride over a thin padding layer of silicon dioxide; (b) etched
wafer after first mask step. A boron implant is used to control field oxide

threshold.
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(c) Structure following
oxidation, nitride removal, and
polysilicon deposition; (d)
wafer after second mask step
and etching of polysilicon; (e)
the third mask has been used
to open contact windows
following silicon dioxide
deposition; (f) final structure
following metal deposition and
patterning with fourth mask.
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(a) Following n-well diffusion; (b) following selective ﬁpﬂ( -,
oxidation; (c) following gate oxidation and polysilicon (f)
gate definition; (d) NMQOS source/drain implantation;
(e) PMQOS source/drain implantation; (f) structure
following contact and metal mask steps. 16
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(a) Wafer with silicon dioxide layer;
(b) Following buried layer diffusion
using first mask and subsequent
epitaxial layer growth and oxidation;
(c) following deep isolation diffusion
using second mask;
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Cross-sectional views of bipolar transistor fabrication. (a) Buried-layer implantation. () Epitaxial laver. (¢)
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Cross-section views of bipolar transistor fabrication. (a) Oxide isolation. (b) Base implant. (¢) Removal of thin
oxide. (d) Emitter and collector implant.
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