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Thin Film Deposition

9.1 Introduction

Page 43 of 45

The CMOS process flow in Chapter 2 contained many layers above the silicon sub-
strate. These layers include dielectrics, semiconductors, and metals. In most cases these
layers must be deposited which implies that there are typically many deposition steps
in an IC process. In this chapter we describe the different techniques used to deposit
these thin films. In Chapter 10 the techniques used to etch thin films are discussed.

We begin with several issues related to thin films and their deposition. These issues
are important when evaluating deposited films and choosing deposition methods. The
first issue is the “quality” of the deposited film. By quality we mean composition, conta-
mination levels, defect density, and mechanical and electrical properties. The composi-
tion of films may vary depending on the deposition conditions and it is usually important
to achieve a specific composition. This is especially important when a range of composi-
tions is possible, such as with TiN films which can be Ti or N rich, or with alloys of met-
als like Al/Cu. Generally there needs to be a low level of contaminants, such as unwanted
metals, water, oxygen, or halogens. There should also be a minimum of pin holes or other
structural defects. These often result from particle contamination on the surface and are
a common problem in thin film deposition (recall Figure 4-1). There should also be a
minimum of stress in the films, and the films should be mechanically stable during sub-
sequent processing, Finally, good adhesion to underlying films is important.

‘A second issue is that of uniform thickness across a wafer, from wafer to wafer, and
as the film crosses nonplanar topography. Figure 9-1 shows a metal layer deposited over
nonplanar topography in which there is a step in the underlying oxide. In Figure 9-1(b)
the film thickness decreases as it crosses a step, which can lead to high electrical resis-
tance in metal lines and a greater chance of mechanical cracking and failure. Coverage
on the side of a step in topography is called step coverage. It is often defined quantita-
tively as the minimum thickness deposited on the side of a step divided by the thickness
deposited on the top horizontal surface. Conformal step coverage, or conformal cover-
age, refers to uniform film thickness on both horizontal and vertical surfaces, or a step
coverage of one.

A related issue is that of filling spaces between or within topographical structures.
This includes filling a via or contact hole with metal, as illustrated in Figure 9-2(a), and
filling spaces or gaps in shallow trench isolation structures or between metal lines with
an oxide (often called gap filling), as illustrated in Figure 9-2(b). In this figure incom-
plete filling is shown, leading to a void in the dielectric between the lines. A void in a
metal layer can lead to high-contact or -sheet resistance, and in a dielectric layer can

509



Chapter 9 Thin Film Deposition

Metal Metal Figure 9=1 Step coverage of metal over nonplanar topogra-

. phy. (a) shows conformal step coverage, with constant thick-
( ‘ V ness on horizontal and vertical surfaces. (b) shows poor step

coverage.
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Figure 9=2 Thin film filling issues. (a) shows good metal filling of a via or contact hole in a di
electric layer. (b) shows silicon dioxide dielectric filling the space between metal lines, with poor
filling leading to void formation. (c) shows poor filling of the bottom of a via hole with a barrier or
contact metal.,

result in cracking problems. In addition, a void may trap processing chemicals or mois-
ture, leading to reliability problems. Even if complete filling of a space is not needed,
good coverage or filling at the bottom of a space is often required. An example of this
is the case of depositing contact and barrier layers, in which good filling of the bottom
of contact or via holes is important. Figure 9-2(c) shows poor bottom coverage of a
deep contact hole. The sides may also need adequate coverage of an adhesion layer.
An important parameter that can affect filling and bottom coverage is the Aspect
Ratio (AR) of a feature, defined as the ratio of the height of a feature to its width:

_ height of feature 2
~ width of feature w

9.1)

The feature could be a metal line, for example, or a space, such as a gap between two
metal lines or a contact hole, as illustrated in Figure 9-2(b) and (c). A deep,narrow con-
tact hole would have a large aspect ratio and would be harder to fill.

Two examples of poor filling and coverage are shown in Figure 9-3. Figure 9-3(a)
shows poor step coverage of a TiW/Al/TiW metal stack layer over an oxide step. Fig-
ure 9-3(b) shows voids in an oxide layer for narrow spaces between metal lines. We
will see that in filling or depositing in very deep contacts or vias, conditions that would
lead to good step coverage may actually hinder adequate filling of the bottom of the
contacts or vias.

We saw in the CMOS process flow in Chapter 2 that as more interconnect levels are
used, another property that is desired for thin films is a smooth and flat top surface, as op-
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Figure 9-3 SEM images of coverage and filling problems. (a) shows poor step coverage
of a TIW/A/TIW metal stack layer, deposited by sputter deposition, over an oxide step. (b)
shows voids in a Chemical Vapor Deposition (CVD) oxide layer for narrow spaces between
metal lines. Photos courtesy of VLSI Technology, Inc.

posed to one that just follows the underlying topography. Figure 9-3(b) shows a relatively
flat, planarized top surface of the oxide over the metal lines. While planarized topogra-
phy can be achieved by postdeposition processing using etching or polishing techniques,
we will also see how certain deposition techniques can also help attain this feature.

9.2 Historical Development and Basic Concepts

Page 45 of 45

Methods of thin film deposition are usually separated into two main categories: Chem-
ical Vapor Deposition (CVD) and Physical Vapor Deposition (PVD). In each case the

’smn water is placed in a deposition chamber, and the constituents of the film are de-

livered through the gas phase to the surface of the substrate where they form the film.
In the case of CVD, reactant gases are introduced into the deposition chamber, and
chemical reactions between the reactant gases on the substrate surface are used to pro-
duce the film. In the case of PVD, physical methods are used to produce the constituent
atoms which pass through a low-pressure gas phase and then condense-on-the substrate.
The methods used to produce the atom flux in PVD include (1) heating a solid or
molten source until it vaporizes, called “evaporation,” and (2) bombarding a solid
source with energetic ions formed in a plasma, called “sputter deposition.” PVD is
sometimes called “vacuum deposition” since very low-pressure environments are re-
quired for the transport of the gaseous species from the source to the film surface. (As
we will sce, low-pressure CVD is commonly used, but not at nearly as low pressures as
in PVD.) CVD has historically been used in the integrated circuit industry mainly for
silicon and dielectric deposition, primarily due to its good quality films and good step
coverage. PVD has been used historically for metal deposition, mostly due to its ability
to deposit a variety of metals and alloys not easily deposited by CVD.





