
There are at least 13 different princi-
ples used to measure flow, including
new-technologies such as Coriolis

and ultrasonic, traditional technologies
such as positive displacement, and the
emerging technologies of sonar and opti-
cal. Using any one of these principles,
flowmeters measure some state or condi-
tion that is correlated with flowrate, then
use this value to compute volumetric or
mass flow. If flow also needs to be con-
trolled, this is left to another device, such
as a valve or a flow controller.

There is another type of flowmeter that
not only measures flow, but also has a
built-in controller to control the flow. This
type of flowmeter is called a mass flow
controller (MFC), and it is widely used in
the semiconductor industry to measure
and control the flow of gases and liquids
used in the process of manufacturing
computer chips. Mass flow controllers
also have an increasing use for measuring
flow in industrial applications.

How They Work
Most mass flow controllers measure flow
using a thermal principle, although a small
percentage use a differential-pressure

method. What is unique about mass flow
controllers is that they include a bypass
that is also known as a flow splitter. The
bypass diverts a portion of the flow into a
separate channel or capillary tube where
the flow is measured. 

By maintaining a constant ratio between
the gas flow in the diverted channel and
the flow through the main flow path, the
mass flow controller can determine the
amount of flow passing through the flow
controller based on the measurement of
flow in the diverted channel. After the fluid
passes through the diverted channel, it
rejoins the main flow path and continues
on its way downstream. The path of the
diverted flow through the controller is
shaped like an upside-down U.

The large majority of mass flow con-
trollers use a thermal measurement princi-
ple to measure the mass flow in the
bypass. The mass flow controller meas-
ures the heat dissipation in the bypass
capillary tube using resistance temperature
sensors and computes mass flow based
on this value.  

Some mass flow controllers use a dif-
ferential-pressure method to compute
mass flow. These MFCs typically have

either an orifice plate or a laminar flow ele-
ment as a primary element. A laminar flow
element has a large number of small
diameter channels or capillary tubes.  

Mass flow controllers also have a pro-
portional control valve that opens or clos-
es based on a setpoint or desired value.
This valve acts to maintain flow in the con-
troller. The controller compares actual
flowrate to the desired value. This ability to
control the flow as well as measure it is
unique to mass flow controllers and is
what sets mass flow controllers apart from
other flowmeters. A small percentage of
mass flow devices go out without a con-
trol valve, and those devices are called
mass flowmeters rather than mass flow
controllers.

The Semiconductor Industry
The semiconductor market accounts for
well over half of the mass flow controllers
shipped. While 2007 was a strong year for
the semiconductor industry, indications
are that 2008 is off to a slower start,
according to SEMI (www.semi.org), the
organization that tracks the semiconductor
industry. In addition, the U.S. economy as
a whole is experiencing a slowdown, and
there are signs this could extend to other
global economies as well.

The semiconductor market is a cyclical
market, and market cycles are often
between 12 months and 18 months. Even
if the semiconductor market remains in a
downturn for the rest of 2008 and into
2009, the chances are very high that it will
pick up and come back strongly when it
rebounds. While it is difficult to predict the
exact length of semiconductor market
cycles, demand for MFCs is likely to pick
up along with the semiconductor market
as it recovers. As such, the long-term
prospects for MFCs look quite good.

Alternative Energy Drives Growth
In addition to the semiconductor industry,
mass flow controllers have experienced
growing use in certain industrial markets.
Some of these industrial segments, such
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as automotive and aerospace, are going
through difficult times due to rising energy
costs. Others, such as fuel cells and power,
are thriving due to the search for alternative
energy sources. The need to find alterna-
tive energy sources will drive additional
research and development in the foresee-
able future. Mass flow controllers will ben-
efit from these industrial segments, as
MFCs are commonly used to measure and
control gas flows in these segments.

Demand from Emerging Markets
The economies of China, India, and other
emerging markets in Asia and elsewhere
are continuing to grow at a rapid pace.
Even if these economies are affected by a
global slowdown, their continued popula-
tion growth will result in demand growth in
a variety of industrial segments, including
energy consumption, food/beverage, auto-
motive, power and other segments. China
and India will also be a source of continued
demand for computers and semiconductor
products. All these forces will foster
increased use of mass flow controllers in
these emerging markets.

Automation & Accuracy
In some cases, gas flow is measured and
controlled using a combination of a vari-
able-area flowmeter and a needle valve.
While some variable-area flowmeters have
been developed with an output signal, the
majority of these flowmeters still need to
be read manually. In many cases, the nee-
dle valve is adjusted manually.

The trend today is toward the automa-
tion provided by mass flow controllers, as
opposed to the manual operation of vari-
able-area flowmeters. End-users are look-
ing for the higher accuracy of mass flow
controllers, and they are also looking to
automate their gas measurement and con-
trol systems as much as possible. Mass
flow controllers will benefit from this trend
towards automation.

Limiting Factors
Even though mass flow controllers have a

competitive advantage over variable-area
flowmeters and needle valves, this combi-
nation of variable-area meters and needle
valves still remains a low-cost solution for
some gas flow measurement and control
applications. Competition is also coming
from Coriolis flowmeters and other multi-
variable flowmeters that measure mass
flow. While mass flow controllers remain
dominant for gas flow measurement and
control applications — especially for line
sizes of two inches and under — competi-
tion from other flow technologies is strong
in certain application scenarios.

Technology Suppliers
Some of the leading suppliers to the mass
flow controller market include Horiba/STEC
(www.horibastec.com) and Celerity
(www.celerity.net). Celerity has been active
in acquisitions, purchasing the gas MFC
line of Mykrolis from Entegris in February
2006. In addition to the mass flow con-
trollers, this acquisition by Celerity included
vacuum gauges, pressure transducers,
scales, displays and pressure gauges.

Brooks Instrument (www.brooksinstru
ment.com) and Bronkhorst
(www.bronkhorst.com) are two companies
that are particularly active in the industrial
and laboratory/research environments.
Brooks Instrument, long a division of
Emerson Process Management
(www.emersonprocess.com), made its
own news in December 2007 when it was
sold to American Industrial Partners
(www.aipartners.com), a private equity
investment firm. In addition to mass flow
controllers, Brooks is also a supplier of
Coriolis and variable-area flowmeters.

A Look Ahead
Going forward, look for continued growth
in the mass flow controller market. While
the total market may show limited growth
during this time of slow growth for the
semiconductor industry, some industrial
and laboratory/research market segments
are in a time of expansion. This especially
includes those segments associated with
the search for alternative energy sources.
Regardless of the slowdown in the semi-
con market, mass flow controllers are still
very much in demand today, and they fig-
ure to be in store for a more pronounced
rise as the semicon market recovers.  
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In addition to the semiconductor industry, mass flow con-
trollers have experienced growing use in certain industrial
markets. Some of these industrial segments, such as automo-
tive and aerospace, are going through difficult times due to
rising energy costs. Others, such as fuel cells and power, are
thriving due to the search for alternative energy.
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