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Planar, surface micromachined pressure sensors have been fabricated by an extension of the 
chemical-mechanical polishing (CMP) process. CMP eliminates many of the fabiication problems 
associated with the photolithography, dry etch, and metallization of non-planar devices. 
Furthermore, CMP adds additional design flexibility. The sensors are based upon deformable, 
silicon nitride diaphragms with polysilicon piezoresistors. Absolute pressure is detected by virtue 
of reference pressure cavities underneath the diaphragms. 

Recently, CMP has been applied to surface 
micromachining to create pressure sensors[l] as well 
as IC's monolithically integrated with MEMS 
devices[2]. Structurally, CMP-based pressure sensor 
diaphragms have clamped boundaries, which 
simplifies mechanical behavior analysis. Also, 
LOCOS 01- photolithography processes typically 
impose an approximate 2 pm cavity maximum 
height limitation, which is overcome by CMP 
processing. Furthermore, planarization eliminates 
many of the problems associated with step heights, 
such as poor step coverage (photoresist, metal), poor 
depth of focus (photolithography), and stringer 
generation (dry etch). 

Design considerations for diaphragm geometiy 
and piezoresistor placement have been reported 
elsewhere for the sensors presented in this paper[3] 
and similar sensors[4]. The principal difference 
between the sensors described here and previously 
reported sensors is the application of CMP to remove 
large step heights. The fabrication process is shown 
schematically in Figure 1, and described in detail 
elsewhere [5]. Finished non-planar[3] and planar 
devices are shown in Figure 2. The silicon nitride 
diaphragms were = 1 pm thick, while the polysilicon 
diaphragms were = 2 pm thick with an additional 0.6 
pm low stress nitride seal. Typical output 
characteristics of different sized nitride and 

Figure 1 .  Schematic fabrication process for nitride diaphragm sensor. Dimensions are not to scale. (a) 
Etch two separate patterns in substrate and deposit nitride liner/polish stop. (b) Deposit sacrificial 
oxide. (c) oxide CMP. (d) Deposit diaphragm nitride, and pattern release etch holes. (e) Release etch 
diaphragm and seal with nitride. (f) Deposit, pattern, and implant poly; deposit and pattern aluminum. 
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Figure 2. (a) Non-planar and (b) planar pressure 
sensor diaphragms. Etch access ports on planar 
sensor are 

polysilicon diaphragm sensors are plotted in Figure 3 
(a) and (b), respectively. Diaphragm sizes of 50, 100, 
150, and 200 pm diameter were tested. Both types of 
sensors exhibit behavior that would be unexpected 
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Figure 3. Output curves for (a) nitride and 
(b) polysilicon diaphragms. Curves have 
been normalized to have zero offset 
voltage. approx. 0.8 pm deep, but do not 
cause processing difficulties with photo- 
lithography, dry etch, or metallization. 
Diaphragms are 100 pm in diameter. 

from small deflection plate theoiy. Large deflection 
theory, coupled with the inclusion of residual thin 
film stress can explain most of the behavior in both 
types of sensors. Low stress silicon nitride diaphragms 
can have as much as 100 MPa built in tensile stress, 
which greatly reduces the mechanical sensitivity of 
the diaphragms to pressure, such that the 100, 150, 

and 200 pm sensors all have similar pressure 
sensitivities at low pressures. In the polysilicon 
sensors, there is much less built in stress, and the 
pressure sensitivities are more differentiated. The ‘200 
pm sensor has a negative pressure sensitivity which 
may be due to an incomplete oxide etch. This 
behavior is currently under investigation. 
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