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One of the most challenging envi-
ronments for testing pH is contin-
uous process monitoring. Break-

age, drift, reference electrode failure, sensor
damage from high temperatures or caus-
tic cleaning-in-place (CIP) solutions, drying
out of electrodes, and other problems frus-
trate process chemists and plant operators.
Many times, operators are forced
to take a grab sample and meas-
ure pH in the lab—an expen-
sive, time-consuming process that
lacks the ability to directly control
the pH in a process.

Until recently, there was only
one choice of electrode tech-
nology for monitoring process
pH—the glass sensor electrode.
Over the past decade, however,
the ion-selective field effect tran-
sistor (ISFET) pH electrode
has emerged as a successful alter-
native to glass sensor probes, and
it seems destined to change the
way future process pH problems are tack-
led. There is still no “magic bullet” for every
application, but new developments in
ISFET technology are minimizing many
of the challenges operators face with glass
electrodes (Figure 1). 

The ISFET chip, encased in its tough
electrode body, has no glass membrane to
dry out. In fact, some manufacturers of
ISFET technology suggest that the probe
be stored dry when not in use for best
results and longest life. The ISFET’s surface
is durable, tough, and impervious to most
harmful chemicals. Mounted in the end
of either a stainless steel or chemical-resist-
ant Kynar probe body, durability and abil-
ity to store dry are just the features need-
ed for many difficult pH applications.

ISFET Anatomy
The ISFET uses a different mechanism for
measuring pH from that of traditional glass

sensors. The technology is basically a sili-
con chip coated with proprietary materi-
als similar to the hard coating on machine
tool bits. The ISFET is a derivative of a
common electric component called a metal
oxide silicon field effect transistor
(MOSFET), which consists of a silicon
semiconductor substrate with two electri-

cal contacts (source and drain) kept a small
distance apart (Figure 2). Overlaying the
substrate between the source and drain is
a silicon electrical insulator, which itself is
overlaid with a metal electrode called a gate.
When a potential is applied to the gate of
the MOSFET, the induced electrical field
changes the freedom with which the current
flows between the source and drain.

In the case of an ISFET, however, there
is no gate electrode, and the insulator is in
direct contact with the solution to be meas-
ured. With the selection of an appropriate
insulator material, such as silicon nitride
or aluminum oxide, hydrogen ions will reside
at the surface of the insulator in proportion
to the pH. Their positive charges produce
an electric field that modulates the current
between the source and drain. To quantify
this effect, the control voltage that must
be applied (via a reference electrode) to main-
tain the drain–source current at a constant

value is measured. The pH value can then
be derived from this measurement to a very
high level of accuracy.

Intermittent Flow
In many applications, the pH electrode
may become dry as flow stops, a tank is
drained, or a process has not yet begun.

These are difficult applications
with traditional glass pH elec-
trodes. The requirement for the
glass bulb sensor to remain wet
at all times has plagued process
operators for years. Once the glass
sensor dries out, the probe is slow
to respond to changes in pH.
The glass membrane has to be
regenerated through hydration,
sometimes for as long as 24 h
and often returning with less
sensitivity than it previously had. 

A major defense contractor
was faced with this dry-probe
problem for a mission-critical

application. pH sensors had to be placed
in the bilge of a military aircraft to detect
the possible leakage of highly volatile chem-
icals with extreme pH values. The temper-
atures could range from –45 to 73 °C. The
challenge was even more difficult because
most of the time the bilge of the aircraft
was dry. If liquid was detected, was it harm-
less condensate or a potentially explosive
chemical? And what chemical was it?

Given the potentially lethal conse-
quences, the sensor response had to be
nearly instantaneous. Traditional glass elec-
trodes could not survive prolonged peri-
ods of dry operation or the exposure to
extremely high pH solutions. The design-
ers selected an ISFET pH probe from IQ
Scientific Instruments (www.phmeters.com)

Keeping Electrodes Inline
Modified transistors help scientists probe samples 
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Figure 1. If the electrode FETs. Over the past decade, ion-selective field
effect transistor pH electrodes have emerged as an alternative to glass sensor
probes. (Image courtesy of IQ Scientific Instruments, Inc.)
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because of its rugged construction, capa-
bility for prolonged periods of dry opera-
tion, and ability to withstand high pH
solutions. After rigorous testing for accu-
racy, drift, thermal cycling, and shock and
vibration resistance, the probe was flight-
qualified in early 2003.

Food and Beverage
The ISFET has another unique charac-
teristic that makes it ideal for measuring
pH in food—there is no glass to break.
In the world of food processing and produc-
tion, glass will always be the caveat of tradi-
tional pH electrodes. Many processors,
concerned about the possibility of glass
fragments in food or beverage products,
simply check pH off-line and take grab
samples to the lab for measurement. Others
have a separate plumbing circuit and divert
some of the flow past a pH sensor. Still
others have glass electrodes in-line but care-
fully monitor the condition of the elec-
trode and quickly shut the line down in
the event of breakage. Because ISFET
probes have nonglass sensors, they can be
placed directly in food products.

The sterilizing procedure for food
processing systems is destructive to tradi-
tional pH electrodes. In CIP, steam, mixed
with caustics such as sodium hydroxide,
is pumped through the pipes or into the
tanks used for processing food products.
This process cleans and sterilizes the
surfaces, preparing them for the next batch
of food product. High-temperature caus-
tic is destructive to the glass membrane
in traditional electrodes. For this reason,
many operators manually remove the
probes before CIP. Frustrated with the high
labor cost of electrode removal, some oper-
ators have installed expensive and complex

pneumatically operated autoretraction
mechanisms that remove the probe from
the system before CIP. Others simply
replace the probes after several CIP cycles.
ISFET pH technology, however, has
advanced to the stage where electrodes can
survive many CIP cycles.

In addition, inherent differences in the
technology allow ISFET probes to be

placed up to 1000 ft from the controller–
analyzer without the need for a preampli-
fier, which is commonly found in glass-
only pH process systems.

The Bottom Line
Just as silicon semiconductors replaced
glass vacuum tubes, silicon chip ISFET
sensors are now becoming mainstream
alternatives to traditional glass bulb pH
electrodes. First found only in laboratory
instruments, ISFET pH technology has
now evolved into the pH process moni-
toring and control field.

Rod Stark is director of sales and marketing at IQ Scientif-
ic Instruments, Inc. (www.phmeters.com). ◆

The measurement of pH had its beginnings
in The Netherlands during the 16th century.
The lichen Ochrolechia tartarea, found
throughout that region of the world, was
ground up or mashed and mixed with urine,
lime, and potash. The resulting mixture was
stirred from time to time and allowed to
ferment for several weeks while the color
slowly changed from red to purple to blue.
A series of additional steps extracted the valu-
able litmus pigment. Litmus was originally
obtained only from this lichen, but later, other
lichens were found to have similar proper-
ties. Although the original exploration was
fueled by the need to manufacture the much
sought after royal purple fabric dye worn only
by the king and his family, it was later discov-
ered that this same litmus dye could effec-
tively determine the acidity of liquids.

Litmus paper was prepared by infusing or
dipping prepared strips of paper into a strong
solution of litmus and boiling water.The paper
was then dried and kept in a darkened glass
container. Blue litmus paper is used to test
acidic solutions and turns red in the presence
of an acid. Red litmus paper, on the other
hand, is used to test basic or alkaline solu-
tions and turns blue in their presence.

In 1935, the first pH meter was invented
for testing citrus juice. This core technology
for quantitative pH measurements has, until
recently, remained fundamentally unchanged.
From inventor Arnold Beckman’s first pH
meters housed in handmade wooden boxes
to today’s advanced digital pH meters, most
pH systems still consist of a pH electrode with
a delicate glass bulb that is sensitive to hydro-
gen ions, a reference electrode, a high-input
impedance voltmeter, and often a tempera-
ture sensor. The Achilles’ heel of this tech-
nology is painfully evident: a fragile glass
bulb sensor and the requirement to keep this
glass bulb wet and immersed in a storage
solution when it is not in use.

In the mid-1980s, silicon chip pH sensors,
usually referred to as ISFETs or FETs, began
appearing in the laboratory pH marketplace.
The immediate draw was to their apparent
ruggedness and the ability to be stored dry.
As this technology evolved over the next two
decades, a variety of sensors became avail-
able for both laboratory and industrial pH
applications. In just the past few years, in-line
process analytical probes using the ISFET
sensor have appeared on the scene.

A Short History of pH

Figure 2. Schematic of ISFET technology.
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