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Next-generation test equipment
for high-volume wafer

production

Kay Gastinger and Odd Levhaugen

A novel parallel inspection concept enables high-speed, multifunctional
microelectromechanical-systems production control.

Quality control is one of the main bottlenecks in the pro-
duction of micro-opto-electromechanical systems/microelectro-
mechanical systems (MOEMS/MEMS) because each structure
on a wafer is serially inspected and scanned stepwise over the
entire wafer area. This is time consuming and requires inflexible
and expensive equipment. The forthcoming requirement of
100% production control, in particular for safety-related appli-
cations, exacerbates this situation.

Standard wafer diameters for high-volume MOEMS/MEMS
production are 150 and 200mm (6 and 8 inches, respectively).
The structures that must be inspected typically cover areas of
100um? to 10mm?. Therefore, the inspection ratio ranges from
approximately 1073 to 1077, with further increases for typical
defect sizes (usually <10um across). To cover an 8in wafer with
a diffraction-limited optical imaging system, we would need a
minimum capacity of 13Gpix. This creates significant hardware
challenges (for instance regarding camera design, frame grab-
bers, and storage memory), but also software-related obstacles.

As part of the European Commission-funded SMARTIEHS
project,1 we are developing a novel wafer-inspection method
using an adapted array of sensors for 2D scanning.? This par-
allel wafer-level testing improves throughput by two orders of
magnitude. The multifunctional capabilities of the instrument
make it applicable for a broad range of MOEMS/MEMS devices,
eliminating the need for multiple specialized testing stations. In
addition, the flexibility of our concept enables designing stan-
dardized test equipment, which translates into lower hardware
costs. The optical probing wafer is specific to a MOEMS/MEMS
design. However, it is fabricated by a standard process (like the
needle cards used for wafer-level testing in the semiconductor
industry).

Figure 1. Proof-of-principle demonstrator of our five-channel interfero-
meter array.

SMARTIEHS focuses on test applications requiring verifica-
tion of device functionality under physical stimulation. This is
particularly applicable to devices where the cost of packaging
is significant because wafer-level testing helps to exclude bad
devices early on in the production process. The project also
may be considered a concept study of the potential of paral-
lel, multifunctional inspection for the MEMS industry. It also
addresses manufacturers’ needs to monitor and control pro-
duction processes to optimize their yield, because advanced
wafer-level testing enables extraction of device parameters (such
as the thickness and integrity of membranes) over the entire
wafer and without interference caused by packaging.

Continued on next page




I SPIiE

Newsroom

smart pixel
camera

Laser
interferometer
array

Low coherent
interferometer

array )
laser diode array

. probing wafers

LED array beam splitter cubes

Figure 2. Configuration of the optical unit of the SMARTIEHS in-
spection system. The smart-pixel camera is moveable between the two
modules. The MOEMS/MEMS wafer for testing is held by a chuck
underneath the probing wafers.

We are also developing a novel concept based on a wafer-
to-wafer inspection approach, where we adapt exchangeable
micro-optical probing wafers to the MOEMS/MEMS element
that requires testing. As a result, the measurement time can be
reduced by a factor of more than 100 for an 8in wafer. Dif-
ferent parameters can be tested at the same test station using
exchangeable components that are each designed to measure
specific parameters. The project aims to develop two probing
wafers based on different interferometer arrays, one for defor-
mation and geometric characterization, and one for dynamic
MEMS testing. Illumination, imaging, and excitation modules
can be interchanged if required by the spatial distribution of
the MOEMS/MEMS structures or functionality. The array
configuration can be nonregular and optimized for time-efficient
inspection strategies.

Our wafer-to-wafer concept addresses the production of com-
plete interferometers in an array arrangement using standard
microfabrication technologies. We demonstrated the system’s
multifunctionality using two different probing-wafer configu-
rations, 5x5 arrays of low-coherent and laser interferometers
(see Figure 1). We mounted the inspection system on a commer-
cially available wafer-handling and positioning setup (e.g., a PA
200 SUSS prober®). We used the prober’s wafer chuck to mount
and position the MOEMS/MEMS wafer. The inspection system
consists of a scanner and an optical unit. The high-accuracy
scanning unit comprises three voice coils as well as three mea-
surement interferometers. The configuration of the optical unit
(see Figure 2) includes the two different interferometer arrays.
The light sources are arranged in an array and positioned on
either side of each interferometer unit. A beam splitter guides
the light towards the probing wafer.
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Figure 3. Configuration of the two different interferometer arrays on
the probing wafer. (top) Mirau-type low-coherent-interferometer ar-
ray. ref.: Reference. Si: Silicon. (bottom) Twyman-Green-based laser-
interferometer array. DOE: Diffractive optical element.

The interference signals are generated in the micro-optical
interferometers, which are fabricated in a regular matrix on a
4in wafer stack. We are pursuing two different approaches (see
Figure 3), a refractive Mirau-type* and a diffractive Twyman-
Green-type interferometer.’> We designed a distributed array of
5x5 smart-pixel cameras for detection of the interferometer
signals. The cameras feature optical lock-in detection at the pixel
level. The subsequent signal processing is based on the ‘on-
pixel’ processing capacity of the camera array.® Each micro-
interferometer image will thus be detected by 140x140-pixel
subarrays distributed in the image plane.

SMARTIEHS is a European Commission Framework Programme 7
project with eight partners based in six European countries. It is coordi-
nated by SINTEF (Norway) and includes Warsaw University of Tech-
nology (Poland), the German Fraunhofer Institute for Applied Optics
and Precision Engineering (IOF) and the Institute for Microelectronic
and Mechatronic Systems, the CNRS (France), the Swiss Center for
Electronics and Microtechnology (CSEM) and Heliotis (Switzerland),
and Techfab (Italy) as partners.
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