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Chapter 9 Thin Film Deposition 

Metal 
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Metal 
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(a) (b) 

Figure 9-1 Step coverage of metal over nonplanar topogra­
phy. (a) shows conformal step coverage, with constant thick­
ness on horizontal and vertical surfaces. (b) shows poor step 
coverage. 

I� 

(c) 

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 
flling 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: 

AR = 
height of feature = !!._
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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