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a. (a) There are several methods to integrate MEMS with CMOS - (i)
MEMS-first / CMOS-last (ii) CMOS-first, MEMS-last and (iii) interleave the two
processes.

In a MEMS-first process, it is necessary to planarise the processed wafer
before it is sent to a CMOS foundry; otherwise the topography become unacceptable
for further CMOS processing. In this route it is also essential to ensure that the
materials utilised for MEMS processing are acceptable for IC processing. In a CMOS-
first, MEMS-last process, there may be a restriction with the processing temperatures
at which common MEMS structural thin films (e.g. polysilicon) are deposited. These
may be incompatible with the temperatures withstood by metallisation (e.g.
aluminium) or inter-metal dielectrics used in CMOS processing. Interleaving the two
processes is possible, but complex, as it is necessary to optimise for both the
electronic and mechanical functionality of materials involved in the process. Non-
standard MEMS processes also affect the overall yield of integrated processes
reducing the cost benefits of batch fabrication.

An example of a MEMS-first process is the Sandia integrated MEMS process.
Here the MEMS is fabricated in a KOH-etched well in a starting silicon substrate.
Two levels of structural polysilicon and sacrificial silicon dioxide are deposited and
patterned in this well as shown in cross-section below:

B sacrificial oxide
Bl polysilion

Si substrate

T nivide

Next, a planarisation process is followed to planarise the well and perform the
CMOS processing as shown in cross-section below. The top-level metal can be
utilised as an interconnect between the MEMS and the CMOS. Finally, the CMOS
region is protected (by photoresist) while a buffered hydrofluoric acid etch is used to
remove the silicon dioxide sacrificial layers, thereby freeing up the MEMS structures
for mechanical functionality.

3 O.ZI



g (b) In CMOS micromachining, the CMOS process is carried out first at a
standard IC processing facility to process the integrated circuits. The MEMS elements
are then built out of the processed CMOS wafer by utilising the metal/dielectric stack
as a structural layer or even micromachining the silicon substrate itself to construct
the MEMS device. However, there is limited control on the structural properties of the
thin-films fabricated as part of the composite MEMS structure. This process is
particularly suitable when the integration with electronics is more important than the
requirement for the control of the material properties of the MEMS structure. A
representative cross-section is as shown below:

<«——— Metal/diectric layers

; «4+———— Silicon wafer @

(©) Thermo-mechanical noise is the noise associated with the Brownian
motion of the proof mass of an accelerometer. This arises because the proof mass is in
thermal equilibrium with its environment and hence vibrates due to the thermal
energy that it possesses at room temperature and due to its interactions with
fluctuations in gas pressure in the ambient due to random thermal motions of
individual atoms in the gas and the interaction of this motion with that of the proof
mass. The resultant random vibration of the accelerometer proof mass results in a
noisy accelerometer output that sets its fundamental resolution (assuming electronic E}Dv/]
SR

noise is not dominant).

£,4 _200x8.85x10718 x 6x 400

(d) C=N
g 1

=4.25 pF

The voltage required for force feedback can be calculated as:
Capacitance for force feedback =2.12 pF

A force balance is achieved when the electrostatic force balances the inertial
force:

x10~9 * snx 106
—l—CV2 =ma:V=J2mag =\F 10 7*50 I;O =217 mV which gives
2g C 2.12*%10°

the required force-feedback voltage.
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