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MICROVALVES

MEMS microvalves: 
the new valve world

Anyone who has studied electronic circuits may recall that the concepts of current, resistance and
capacitance were often taught using analogies to fluid flow in pipes with orifices (resistors) and
storage containers (capacitors) influencing the current in the circuit. It is unlikely that the professors
at that time had any idea that a day would come when an electronic semi-conductor device would
actually have fluid flowing through it. Microstaq Inc. has developed such a device and is producing
innovative valve designs that can provide macro flows with a micro device. The technology is based
on MEMS: Micro Electro Mechanical Systems, which utilizes relatively standard silicon processing to
create electromechanical systems. At present the MEMS industry has been flourishing and growing
at an annual average growth rate of over 20% a year and MEMS devices have been penetrating the
marketplace primarily in the form of microfluidic devices (ink jet print heads), telecommunication
components and sensors. Microstaq is one of the first companies to develop the technology and
commercialize it for macro-flow control applications. The time has now come to design electronic
circuits with microprocessors, integrated circuits, resistors, capacitors and micro-valve flow control
devices all on the same circuit board.
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The technology
MEMS is an approach to fabrication that uses the materials and
processes of micro-electronic fabrication. It facilitates and con-
veys the advantages of miniaturization, multiple component in-
tegration, and microelectronics to the design and construction
of electromechanical systems.
The MEMS microvalves developed by Microstaq are assembled
by combining multiple layers of silicon wafers each with a
unique geometric structure etched into it or through the silicon
surface.The valve design is only limited by one’s imagination for
structures that will operate as a flow control device.The silicon
wafers are bonded together with a technique known as fusion
bonding.Wafer cleanliness, surface roughness and alignment are
the critical factors in fusion bonding.The bond is completed
with a high temperature anneal process.
Standard silicon wafers are used in the manufacture of the
MEMS micro valves.The voltage characteristics of the valves are
determined by selecting an appropriate resistivity of the silicon
wafer.The resistivity of the wafer is controlled through a boron
doping process when the wafers are made.The resistivity, speci-
fied in ohm-cm, is only critical in wafers intended to carry cur-
rent.The resistivity is high in the non-conducting layers.
The primary steps of the etching process are photolithography,
deep reactive ion etch (DRIE) and KOH etch.These processes
are used selectively depending on the features being etched into
the silicon wafer.Through hole etch depths are dependant on
the wafer thickness and are in the range of 675 µm.Typical fea-
ture depths are in the 50–100 µm range with some surface tol-
erances being controlled to 1–2 µm with sub-micron accuracies
possible.
Valve size or die size will depend on the valve design, but will
typically be in the range of 1 cm2.The thickness of the valve will
vary based on the thickness of the wafers used and the number of
wafers used in the valve stack.A typical three layer stack valve,
like the valve depicted in Figure 1, will result in a valve thickness
of approximately 2 mm. Since the valve size will vary based on
the design, so will the number of valves yielded per wafer stack.
Additionally, silicon wafer diameters of 4, 6 and 8 inches (or
higher) can be used which will also determine part count per
stack.

The Microstaq design
Microstaq has already developed two basic types of Silicon Con-
trol Valves (SCV).The first type is a spool valve which is operat-
ed by controlling the pressure on either side of the spool.This
can be done with a micro valve pilot or by using pressures in the

system.The second type of valve is a direct acting device where
electrical current is used to directly drive the valve mechanism.
The microvalves operate similarly to a conventional spool valve
in that a sliding element is used to block or open a port. Con-
ventional spool valves use a spool in a cylindrical bore.The
MEMS micro valve uses a sliding plate valve where a silicon
plate moves in a cavity over openings in a ‘port plate’.
Figure 2 is a scanning electron microscope (SEM) photograph
of two separate spool designs.The devices shown are part of the
center (or mechanical) wafer and constitute the sliding element
of the spool valve.The top device is part of a 3-way normally
closed spool valve and the device shown below is used in a 2-
way normally open valve. In both devices, a spring is one of the
mechanical features of the spool.The spring provides a number
functions for the devices but generally does not have a large
enough spring constant to be used as a constant force balance
mechanism in the valve control function. Spool positioning is
achieved by controlling the pressure balance across the spool.
Feedback mechanisms can be integrated into the device by
strategically placing holes or slots in the spool, which create
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Fig. 1. Microvalve sketch showing the three layers of the valve stack.
Cover plate, mechanical layer and port plate.

Fig. 2. Scanning electron microscope photo of a microvalve spool. 
Top: 3-way closed center. Bottom: 2-way normally open. 
(Photograph courtesy of Micralyne, Inc.)

Fig. 3. Scanning electron microscope photo of a direct acting
microvalve. Photo shows a cross section of the normally closed port.
(Photograph courtesy of Micralyne, Inc.) ▼
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