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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.

Modern wafer fabrication is probably the most exacting production process ever developed.
Since the 1950's, enormous human resources have been expended by the industry to perfect
the myriad of details involved. The impurities in materials and chemical reagents are
measured in parts per billion. Dimensions are controlled to a few parts per million. Each
step has been carefully devised to produce some circuit feature with the minimum possible
deviation from the ideal behavior. The results have been little short of spectacular: chips
with many tens of thousands of transistors be produced for under ten dollars. In addition,
wafer fabrication has reached a level of maturity where the system designer need not be
concerned with the fine details of its execution. The following sections present a broad
overview sufficient to convey the ideas involved, and in particular those relevant for system
design. Our formulation of the basic concepts anticipates the evolution of the technology

towards ever finer dimensions.

In this chapter we describe the patterning sequence and how it is applied in a simple,
specific integrated system process: nMOS. A number of other topics are covered which are
related to the processing lechnology, or are ctosely tied to the properties of the underlying

materials.
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Patterning

The overall fabrication process consists of the successive patterning of a particular sequence
of favers. The patterning steps 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 patterning 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
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.

At the time of wafer fabrication the pattern to be transferred to the wafer surface 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 resisl* into considerably smaller molecules.
* We have chosen 1o iltustrate this text using positive resist, ie. the resist materig! remaining after exposure and
devetopment corresoppunds 1o the opaque mask areas. Negative resists are also in common use, Positive fesisis

ace typicatly workable to fimer feature sizes, and are likely become dominant as the technology progresses.



Figure 1. Bare Wafer

Figure 2. Oxidation

Figure 3. Coat w/Resist

Figure 4. Mask & Expose
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