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INTRODUCTION 

Chemical-Mechanical-Polishing (CMP), first used as 
a planarization technology in the manufacture of multi- 
level metal interconnects for high-density Integrated 
Circuits (IC), is readily adapted as an enabling technology 
in MicroElectroMechanical Systems (MEMS) fabrication, 
particularly polysilicon surface micromachining (PSM). 
CMP enhances the design and manufacturability of 
MEMS devices by eliminating several photolithographic 
definition and film etch issues generated by severe 
topography (as seen in Fig. I). 

Polysilicon surface micromachining uses planar 
fabrication techniques and films common to the 
microelectronic circuit fabrication industry to 
manufacture micromechanical devices. The standard 
building-block process consists of depositing and 
photolithographically patterning alternate layers of low- 
stress polycrystalline silicon and sacrificial silicon 
dioxide. The result is a construction system consisting of 
one layer of polysilicon which provides electrical 
interconnection and one or more independent layers of 
mechanical polysilicon which can be used to form 
mechanical elements ranging from simple cantilevered 
beams to complex systems of springs, linkages, mass 
elements and joints. At the completion of the process, the 
sacrificial layers, as their name suggests, are selectively 
etched away in hydrofluoric acid (HF), which leaves the 
freestanding polysilicon layers. In the process of building 
up the layers, the peak-to-valley excursions or topography 
can become excessive for the photolithographic and etch 
processes leading to manufacturing difficulties with much 
lower yields and reliability. 

Polysilicon surface-micromachining, because it is 
extensively based on integrated circuit (IC) fabrication 
techniques and equipment sets, lends itself readily to 
adaptation of CMP for planarization of excess surface 
topography. CMP produces both global and local 
planarization through relatively simple and quick 
processing. The most common CMP process used in 
PSM is where an oxide surface, which covers the 
underlying layers of polysilicon, is planarized by rotating 
a wafer under pressure against a polishing pad in the 
presence of a silica-based alkaline slurry. A typical result 
is shown in Fig. 2. The mechanical energy imparted to 
the abrasive slurry particle through pressure and rotation 
causes high features to erode at a faster rate than low 
features, thereby planarizing the surface over time. In the 
typical case for oxide polishing, a colloidal-fumed silica 
slurry (Cabot SS-12) and a polyurethane pad (Rodel 
ICIWSuba IV) are used. 

The benefits of CMP for surface-micromachining are 
four-fold. It eliminates the potential mechanical 
interference problem due to protrusions from upper layers 
into lower layers. It eliminates the artifact of anisotropic 
etching of conformal polysilicon films over edges, i.e. 
stringers, since there are no edges on a planar surface. 
Thirdly, the extension to four or more levels of 

polysilicon becomes practical since the topography and 
associated photolithographic problems are eliminated. 
Finally, CMP planarization provides an avenue to 
integrate separate process technologies such as 
microelectronics and micromechanics (1). The first three 
are responsible for higher device yield and reliability, 
while the latter two produce exciting new processes and 
designs as described next. 

The basic polysilicon surface-micromachining 
technology can be extended by the inclusion of four or 
more layers of mechanical polysilicon films for the 
realization of structures with greater complexity as 
illustrated in Fig. 3 (2,3). Monolithically integrated 
processes such as planarized, trench-embedded MEMS 
with CMOS circuitry have been created (see Fig. 4) (4). 
Finally, recent investigation into the quality of CMP 
generated surfaces indicates that the flatness and 
smoothness can be acceptable for micro-optical 
applications such as micro-mirrors (5). 

CONCLUSION 

Chemical-mechanical polishing, once it is set-up and 
developed in a fabrication line can be readily adapted as a 
planarization technique for use in polysilicon surface 
micromachining technology. Although the planarization 
is a conceptually “simple” step, the benefit of its inclusion 
in the overall fabrication process is immense. 
Manufacturing impediments are removed while novel, 
expanded processes and designs become possible. 

We anticipate that CMP planarization, in the near 
future, will become a standard within the MEMS 
community for polysilicon surface micromachining. In 
addition, other MEMS fabrication technologies such as 
bulk micromachining and LIGA can potentially benefit 
from CMP. 
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Fig. 1 Focused Ion Beam (FIB) milled cross-section of a 
mechanical joint formed in a three-layer polysilicon 
surface micromachining technology. The final 
mechanical polysilicon film is the upper light-colored 
film. It illustrates the topography and the interference 
artifacts generated (arrows B & C) by the previous film 
steps (arrow A). The film thicknesses are on the order of 
2pm for both the mechanical polysilicon films and the 
sacrificial silicon dioxide films. 
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Fig. 2. This profilometer scan illustrates typical results 
for both the pre- and post- CMP topography of the oxide 
covering a micromechanical gear. The topography is 
clearly reduced to a mechanically acceptable flatness. 

Fig. 3b is a view of the other end of the movable platform, 
which is comprised of a pin-in-a-maze configuration that 
can be used to disallow movement of the platform. 
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Fig. 4. Cross-sectional schematic of the subsurface, 

embedded MEMS integrated technology. These devices 
have been fabricated, and the technology licensed (non- 
exclusive) to industry. 

Fig. 3a is a SEM illustrating the added design freedom of 
a 5-level process. In this case, the element is comprised 
of two coupled gears that serve as a power transfer unit. 
These gears can be translated across the surface of the 
wafer on a movable platform and engaged into another 
gearbox to allow power transfer from a microengine to a 
micro-optical element. 


