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The series of steps by which a geometric pattern or set of geometric patterns is transformed
into an operating integrated system is called a wafer fabrication process, or simply a
process. An integrated system in MOS technology consists of a number of superimposed
layers of conducting, insulating, and transistor forming materials. By arranging
predetermined geometric shapes in each of these layers, a system of the required function
may be constructed. The task of the integrated system designer is to devise the geometric
shapes and their locations in each of the various layers of the system. The task of the
process itself is to create the layers and transfer into each of them the geometric shapes
determined by the system design. In this chapter we describe the patterning sequence and
how it is applied in a simple, specific LSI proce:s: nMOS. A number of other topics are
covered which are related to the processing technology, or are closely tied to the properties
of the underlying materials. The final section of the chapter discusses the factors affecting

the choice of a particular process technology.

Patterning

The overall fabrication process consists of the successive parterning of a particular sequence
of layers. The sequence of steps, called parterning, by which geometrical shapes are
transferred into a layer of the final system, is very similar for each of the layers. The
overall process is more easily visualized if we first describe the details of the patterning of
one layer. We can then describe the particular sequence of layers used in the process to
build up an integrated system, without repeating the details of patterning for each of the

layers.

A common step in many processes is the creation of a silicon dioxide insulating layer on the

surface of a silicon wafer, and the selective removal of sections of the insulating layer
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exposing the underlying silicon. We will use this step for our patterning example. The step
begins with a bare polished silicon wafer, shown in cross section in figure 1. The wafer is
exposed to oxygen in a high temperature furnace to grow a uniform layer of silicon dioxide
on its surface, as shown in figure 2. After the wafer is cooled it is coated with a thin film
of organic resist material as shown in figure 3. The resist is thoroughly dried and baked to

insure its integrity. The wafer is now ready to begin the patterning.

Whatever the origin of the pattern to be transferred to the wafer surface, by the time of
actual wafer fabrication it almost universally exists as a mask. A mask is merely a
transparent support material coated with a thin layer of opaque material. Certain portions
of the opaque material are removed, leaving opaque material on the mask in the precise
pattern required on the silicon surface. Such a mask with the desired pattern engraved upon
it is brought face down into close proximity with the wafer surface as shown in figure 4.
The dark areas of opaque material on the surface of the mask are located where it is desired
to leave silicon dioxide on the surface of the silicon. Openings in the mask correspond to
areas where it is desired to remove silicon dioxide from the silicon surface. When the mask
has been brought firmly into proximity with the wafer itself, its back surface is flooded
with an intense source of ionizing radiation such as ultraviolet light or low energy x-rays.
The radiation is stopped in areas where the mask has opaque material on its surface. Where
there is no opaque material on the mask surface, the ionizing radiation radiation passes on
through and into the resist, the silicon dioxide, and silicon. While the ionizing radiation
has little effect on the silicon dioxide and the silicon, it breaks down the molecular structure

of the resist into considerably smaller molecules,

After exposure to the ionizing radiation, the wafer has the characteristics shown in figure 3.
In areas exposed to the radiation, the resist molecules have been broken down to much
lighter molecular weight than that of unexposed resist molecules. The solubility of organic
molecules in various organic solvents is a very steep function of the molecular weight of the
molecules. Hence, it is possible to dissolve exposed resist material in solvents which will not
dissolve the unexposed resist material. In this way the resist can be "developed” as shown in

figure 6 by merely immersing the silicon wafer in a suvitable solvent

Thus far, the pattern originally existing as a set of opaque geometries on the mask surface
has been transferred into a corresponding pattern in the organic resist material on the
surface of the silicon dioxide. This same pattern can now be transferred to the silicon

dioxide itself by exposing the wafer 1o a material which will etch silicon dioxide but not
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attack either the organic resist material or the siticon wafer surface. This etching step is
usually done with hydrofluoric acid, which easily dissolves silicon dioxide. However, organic
materials are very resistant to hydrofluoric acid, and it is incapable of etching the surface of

silicon, The result of this etching step is shown in figure 7.

The final step in the patterning is the removal of the organic resist material. This can be
done by using strong organic solvents which will dissolve even unexposed resist material, by
using strdng acids such as chromic acid which actively attack organics, or by exposing the
wafer to atomic oxygen which will oxidize away any organic materials present on its surface.
All three techniques have been used to remove the resist materials. Once the resist material
is removed, the finished pattern on the wafer surface is as shown in figure 8. Notice that
we have transferred the geometric pattern which originally existed on the surface of the
mask directly into the silicon dioxide on the wafer surface. While a foreign material was
present on the wafer surface during the patterning process it has now disappeared and the
only materials present are those which will in fact be part of the finished wafer.

A similar sequence of steps is used to selectively pattern each of the layers of the integrated
system. These differ only in the details of the etchants used, etc. Thus as we study the
processing of the various layers, the reader need not visualize all the details of the
patterning sequence for each layer, but only recognize that a mask pattern for a layer can be

transferred into a pattern in the material of that layer.

Scaling of Patterning Technology

As discussed in chapter 1., semiconductor devices could be at least an order of magnitude
smaller in linear dimension than those typically manufactured in 1977 and still function
correctly. The fundamental dimensional limitation is approximately a one quarter micron
channel length, corresponding to a length unit A (to be discussed under design rules) of
approximately 0.1 micron. This limitation appears to apply to both bipolar and MOS
technologies. It has been possible for several years to create sub-micron lines using electron
beam and x-ray technigues, and there is considerable research and development under way
o bring these patierning technologies into general manufacturing use. At present the
lithography system appearing most promising for the manufacture of sub-micron devices
uses masks made of very thin supporting materials and a heavy metal such as gold as the

opaque material. There are resist materials having resolutions of small fractions of a



