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In the realm of industrial process control, the measurement of pH is a fundamental
requirement for ensuring product quality, environmental compliance, and
equipment longevity. For decades, the glass electrode has been the
standard-bearer for pH measurement. However, the inherent fragility of glass and
the risks of contamination in sensitive processes have driven the adoption of
solid-state technology. Isfet ph sensors (lon-Sensitive Field-Effect Transistor)
represent a significant leap forward, offering a rugged, glass-free alternative that
addresses many of the limitations of traditional electrochemical sensors.

This article provides a comprehensive technical overview of ISFET technology, its
measurement principles, practical selection criteria, and its integration into
broader industrial automation systems, including those requiring precise level
monitoring.

Understanding the Technology Behind ISFET pH
Sensors

The fundamental difference between a traditional pH electrode and an ISFET
sensor lies in the transducer technology. While a glass electrode relies on a
hydrated gel layer on a glass membrane to develop a potential, the ISFET sensor
utilizes a semiconductor-based approach.

| The Measurement Principle

An ISFET is a type of MOSFET (Metal-Oxide-Semiconductor Field-Effect Transistor)
where the metal gate is replaced by an ion-sensitive membrane. When the sensor
is immersed in a liquid, the gate oxide—typically made of materials like silicon
nitride (Si3N4), aluminum oxide (Al203), or hafnium oxide (HfO2)—comes into
direct contact with the process medium.

Hydrogen ions (H+) in the solution interact with the surface of this oxide layer.
Depending on the concentration of hydrogen ions (the pH value), a surface
potential is generated. This potential acts as the gate voltage for the transistor. As
the pH changes, the electrical conductivity of the transistor channel between the
source and the drain changes accordingly. By measuring the current flowing
through the transistor, the electronics can determine the pH of the solution with
high precision.
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| Solid-State Design

Isfet Ph Sensors

Because the sensing element is a silicon chip rather than a thin glass bulb, the
sensor is inherently robust. This solid-state design allows the sensor to operate in
environments where glass breakage would be catastrophic, such as in food

production lines or high-pressure chemical reactors.

ISFET vs. Traditional Glass Electrodes: A
Comparative Analysis

Choosing between ISFET and glass technology requires an understanding of the
trade-offs involved. The following table outlines the primary differences relevant to
industrial engineering and maintenance teams.

m Traditional Glass Electrode ISFET pH Sensor

Material

Breakage Risk

Response Time

Storage

Calibration Frequency

Temperature Sensitivity

Cleaning

Life Span
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Fragile glass membrane

High; requires protective
housing

Moderate to slow

Must be kept wet

High (weekly or daily)

High; glass impedance

changes

Delicate; risk of scratching

6-18 months typically

Robust silicon chip

Extremely low; shatter-proof

Very fast (milliseconds)

Can often be stored dry
(model dependent)

Moderate to high (application
dependent)

High; semiconductor
properties change

Rugged; can be wiped or
brushed

12-24 months typically
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| Key Advantages of Solid-State pH Measurement

The transition to isfet ph sensors is often motivated by specific operational
requirements that glass electrodes cannot meet.

| 1. Safety in Food and Beverage Production

In the food and pharmaceutical industries, the "no glass" policy is a critical safety
standard. If a glass pH probe breaks in a mixing tank, the entire batch must be
discarded, and the system must be meticulously cleaned to ensure no glass shards
remain. ISFET sensors eliminate this risk entirely, providing peace of mind in
Hygienic/Sanitary applications.

| 2. Rapid Response and Stability

ISFET sensors respond to pH changes much faster than glass electrodes. In
dynamic processes where chemicals are being dosed rapidly to neutralize a
stream, the millisecond-level response of an ISFET can prevent overshooting and
reduce chemical waste. Furthermore, they exhibit excellent stability in
low-conductivity waters where glass electrodes often struggle.

| 3. Reduced Maintenance and Downtime

Because the sensing surface is a flat, hard chip, it is less prone to fouling than a
porous glass membrane. When cleaning is required, maintenance personnel can
use more aggressive mechanical cleaning methods without the fear of breaking
the sensor. Additionally, many ISFET designs allow for dry storage, simplifying the
management of spare parts and reducing the need for constant hydration in
storage solutions.
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|Industria| Applications and Process Compatibility

ISFET technology is not a universal replacement for glass, but it excels in specific
industrial contexts. Engineering teams should evaluate the following application
areas:

Food & Dairy: Ideal for CIP (Clean-in-Place) processes where high temperatures
and caustic chemicals are used. The sensors can withstand the thermal shock of
switching from cold process fluids to hot steam or cleaning solutions.

Pharmaceutical/Biotech: Used in bioreactors where precision is vital and glass
contamination must be avoided. They are often compatible with SIP
(Sterilization-in-Place) cycles.

Wastewater Treatment: Particularly useful in abrasive slurries or streams
containing solids that might scratch or break a standard glass bulb.

Chemical Processing: Effective in processes involving hydrofluoric acid (HF), which
aggressively attacks glass membranes. Specific ISFET materials are resistant to
HF, extending sensor life significantly.

| Installation and Maintenance Best Practices

To ensure the longevity and accuracy of isfet ph sensors, several installation and
maintenance factors must be considered.

| Mounting Orientation

Unlike glass electrodes, which usually must be mounted at an angle (at least 15°
above horizontal) to ensure the internal electrolyte stays in contact with the glass,
ISFET sensors are often orientation-independent. They can be mounted
horizontally or even upside down in some configurations, providing greater
flexibility in tight piping layouts.
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|Temperature Compensation

Semiconductors are inherently sensitive to temperature changes. Therefore, every
ISFET pH sensor must be paired with an integrated temperature sensor (such as a
Pt100 or Pt1000). The transmitter uses this data to perform real-time
compensation. It is critical to ensure the temperature sensor is located as close to
the ISFET chip as possible to minimize lag.

| Light Sensitivity

Silicon chips are light-sensitive. While most industrial ISFET sensors are designed
with opaque housings or coatings to block light, exposure to direct, intense
sunlight or high-intensity artificial light can cause measurement drift. When
installing in outdoor locations, protective sunshades are recommended.

| Calibration and Drift

While rugged, ISFET sensors can still experience drift. Regular calibration using
standard buffer solutions (pH 4.0, 7.0, and 10.0) is necessary. In some applications,
ISFETs may show a "startup drift" when first powered on; it is often recommended
to allow the sensor to polarize for 10-15 minutes before performing a final
calibration.

Integrating pH and Level Measurement in Process
Automation

In most industrial vessels, pH measurement does not exist in isolation. It is part of
a comprehensive monitoring system that includes temperature, pressure, and,
crucially, liquid level. Accurate level measurement ensures that the pH sensor
remains fully submerged; if a sensor runs dry while the process is active, it can
lead to false readings or damage to the sensing element.
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For engineers designing these systems, selecting the right level measurement
technology is as important as choosing the pH sensor. Whether using radar level
meters for non-contact measurement in corrosive tanks or hydrostatic transmitters
for deep sumps, the synergy between level and analytical data is vital for
automated dosing and safety interlocks. For a deeper look at professional
industrial level measurement instruments that complement analytical sensor
deployments, engineers can consult the Main Page of specialized manufacturers
like Welk.

| Limitations and Considerations

Despite their advantages, ISFET sensors have limitations that must be
acknowledged during the selection process:

1. Chemical Compatibility: While resistant to many chemicals, certain organic
solvents or highly oxidizing agents can degrade the polymer housings or the
adhesives used to bond the chip to the sensor body.

2. Pressure Limits: Although the chip is solid-state, the overall sensor assembly has
pressure ratings (typically up to 10 or 16 bar). High-pressure applications require
specialized housings.

3. Cost: The initial acquisition cost of an ISFET sensor and its compatible
transmitter is generally higher than that of a standard glass electrode system. The
ROl is typically realized through reduced breakage and lower maintenance labor
costs.

| Frequently Asked Questions (FAQ)

Q: Can | use an ISFET sensor with my existing pH transmitter?

A: Generally, no. ISFET sensors require a specific power supply to drive the
transistor and different signal processing than high-impedance glass electrodes.
You must use a transmitter specifically designed for ISFET technology.

Q: How long does an ISFET sensor last?

Welk Reference Guide 7



WELK REFERENCE GUIDE Isfet Ph Sensors

A: In standard water treatment applications, a lifespan of 18 to 24 months is
common. In harsh chemical or high-temperature CIP applications, the lifespan may
be shorter, but often still exceeds that of glass electrodes in the same
environment.

Q: Are ISFET sensors affected by flow rate?

A: Like all pH sensors, extremely high flow rates can cause "streaming potentials"
that affect accuracy. However, because the ISFET has a flat surface, it is less
susceptible to the physical turbulence issues that can plague glass bulbs.

| Conclusion

Isfet ph sensors have matured into a reliable, high-performance solution for
modern industrial processes. By eliminating the risks associated with glass
breakage and offering faster response times, they provide a tangible advantage in
food safety, pharmaceutical precision, and harsh chemical monitoring. When
integrated with robust process instrumentation—such as the level measurement
solutions found on the Welk Main Page—these sensors contribute to a more
resilient and automated production environment.

Before implementation, engineers should verify the chemical compatibility of the
sensor body, ensure the transmitter supports ISFET technology, and establish a
routine calibration schedule to maintain the highest levels of measurement
integrity.
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