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In the landscape of industrial instrumentation, the transition from mechanical
sensing elements to solid state technology has redefined accuracy and reliability.
A solid state pressure sensor is a device that utilizes semiconductor
properties—most commonly silicon—to convert physical pressure into an electrical
signal without the use of moving parts like bellows, springs, or linkages. In the
context of level measurement, these sensors are the core components of
hydrostatic level transmitters, providing the high-precision data required for
automated process control.

For engineers and system integrators, understanding the internal mechanics and
application boundaries of a solid state pressure sensor is essential for ensuring
long-term stability in demanding environments such as water treatment, chemical
processing, and oil and gas storage. This guide examines the principles, selection
criteria, and practical deployment of these sensors in industrial level
measurement.

Fundamental Principles of Solid State Pressure
Measurement

The term "solid state" refers to the fact that the sensing occurs within a solid
crystalline structure. Unlike traditional mechanical gauges that rely on the physical
displacement of a needle, a solid state pressure sensor detects minute
deformations at the microscopic level. The most prevalent technology used in
these sensors is Micro-Electro-Mechanical Systems (MEMS).

| The Piezoresistive Effect

Most industrial solid state pressure sensors operate on the piezoresistive principle.
A small diaphragm is etched into a silicon substrate, and resistive elements are
diffused into the surface of this diaphragm. These resistors are typically arranged
in a Wheatstone bridge configuration. When pressure is applied to the diaphragm,
it deflects slightly (often measured in micrometers), causing a change in the
electrical resistance of the silicon. This change is proportional to the applied
pressure.
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| Signal Conditioning and ASICs

Because the raw output of a piezoresistive bridge is relatively weak and sensitive
to temperature fluctuations, modern sensors include an Application-Specific
Integrated Circuit (ASIC). The ASIC performs several critical functions:

- Amplification: Boosting the millivolt signal to standard industrial levels (e.qg.,
4-20mA or 0-10V).

- Temperature Compensation: Correcting for the inherent thermal sensitivity of
silicon.

- Linearization: Ensuring the output signal is perfectly proportional to the
pressure input across the entire calibrated range.

| Types of Solid State Pressure Sensing Technologies

While silicon-based piezoresistive sensors are the industry standard, other solid
state variations exist to meet specific environmental challenges. Selecting the

right technology depends on the media being measured and the required
precision.

| 1. Diffused Silicon Sensors

These are the most common and cost-effective. They offer excellent sensitivity
and high-frequency response. However, because silicon can be affected by
corrosive chemicals, these sensors are usually isolated behind a stainless steel
(316L) or Hastelloy diaphragm filled with silicone oil to transfer the pressure.
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| 2. Ceramic Capacitive Sensors

In this design, a ceramic diaphragm acts as one plate of a capacitor. As pressure
moves the diaphragm closer to a fixed ceramic substrate, the capacitance
changes. Ceramic sensors are exceptionally robust and offer high resistance to
abrasion and chemical attack, making them ideal for slurries or aggressive acids
where a metal diaphragm might fail.

| 3. Thin-Film Strain Gauge

Thin-film sensors involve depositing resistive material onto a metal diaphragm via
sputtering. These are known for their extreme stability and resistance to
high-pressure spikes and vibration, though they are generally less sensitive than
diffused silicon options.

m Diffused Silicon Ceramic Capacitive | Thin-Film

Sensitivity Very High High Moderate
Chemical Resistance Depends on isolation Excellent High

Overpressure Limit Moderate High Very High
Long-term Stability High Very High Excellent

The Role of Solid State Sensors in Hydrostatic Level
Measurement

In the field of level measurement, the solid state pressure sensor is the primary
tool for hydrostatic level detection. This method relies on the principle that the
pressure at the bottom of a liquid column is directly proportional to the height of
the liquid and its density.
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| The Hydrostatic Formula

The relationship is defined by the equation:
P=pxgxh
Where:
- P is the hydrostatic pressure (Pa).
- p (rho) is the density of the liquid (kg/m3).
- g is the acceleration due to gravity (9.81 m/s?).
- h is the height of the liquid (m).

By measuring the pressure at the bottom of a tank or well, a solid state sensor
allows a controller to calculate the exact level. For atmospheric tanks, a vented
sensor is used to cancel out the effect of barometric pressure. In pressurized
vessels, a differential pressure (DP) configuration is required, using two solid state
sensors or a single DP cell to subtract the head pressure of the gas from the total
pressure at the bottom.

For those evaluating hardware for these applications, it is helpful to Review
product options and application support on the Main Page of specialized
manufacturers like Welk to see how these sensors are integrated into submersible
and external transmitters.

| Selection Criteria for Industrial Applications
Choosing a solid state pressure sensor requires a detailed analysis of the process

conditions. Failure to account for a single variable can lead to premature sensor
drift or total failure.
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| Pressure Range and Overpressure

Sensors should be selected so that the normal operating pressure falls within 50%
to 75% of the sensor’s full-scale range. This provides a buffer for unexpected
pressure surges. It is vital to check the "proof pressure" (the maximum pressure
the sensor can withstand without permanent damage) and the "burst pressure"
(the point of physical failure).

| Media Compatibility

The wetted materials must be compatible with the process fluid. While 316L
stainless steel is standard, highly corrosive fluids like hydrochloric acid or seawater
may require tantalum, Monel, or ceramic diaphragms. Additionally, the internal
O-rings (Viton, EPDM, or Kalrez) must be chosen based on chemical and
temperature requirements.

|Accuracy and Total Error Band (TEB)

Industrial B2B applications usually require an accuracy of +0.5% to £0.1% FS (Full
Scale). However, accuracy at room temperature is not the only factor. The Total
Error Band (TEB) accounts for errors due to temperature changes, non-linearity,
and hysteresis, providing a more realistic view of how the sensor will perform in
the field.

| Output Signals

- 4-20 mA: The standard for long-distance transmission in industrial plants due
to its noise immunity.

- HART Protocol: Allows for digital communication over the 4-20mA loop for
diagnostics and remote calibration.

- Modbus RTU/RS485: Preferred for digital integration into PLC/SCADA systems
where multiple sensors are networked.
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| Engineering Considerations for Installation

Correct installation is as important as sensor selection. Even the most accurate
solid state pressure sensor will provide false readings if installed improperly.

| Submersible Installation

For deep wells or open reservoirs, submersible transmitters are used. The cable for
these sensors contains a small vent tube. This tube must remain unobstructed and
protected from moisture to ensure the sensor can reference atmospheric pressure
correctly. If the vent tube is blocked, the sensor will show an error whenever the
local weather (barometric pressure) changes.

| External Tank Mounting

When mounting a sensor to the side of a tank, a "stagnant zone" or "dead leg"
should be avoided. If the liquid in the mounting pipe solidifies or traps air, the
pressure reading will be inaccurate. Using a flush-diaphragm sensor can prevent
clogging in applications involving viscous fluids or food-grade processes.

| Thermal Protection

Solid state electronics are sensitive to extreme heat. If the process temperature
exceeds the sensor's rated limit (typically 85°C to 100°C for standard models), a
siphon, cooling tower, or capillary tube should be used to dissipate heat before it
reaches the sensing element.

| Limitations and Environmental Challenges

Despite their advantages, solid state pressure sensors have specific limitations
that engineers must mitigate.

1. Temperature Sensitivity: While ASICs compensate for temperature, rapid
thermal shocks can cause temporary instability in the output signal.
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2. Hydrogen Permeation: In high-pressure hydrogen applications, hydrogen
molecules can diffuse through metal diaphragms and form bubbles in the fill fluid
of a solid state sensor, causing significant drift. Gold-plated diaphragms are often
used as a barrier in these cases.

3. Electromagnetic Interference (EMI): Because these sensors produce low-voltage
signals internally, they can be affected by large motors or variable frequency
drives (VFDs). High-quality shielding and proper grounding are mandatory.

4. Overpressure Events: Water hammer or rapid valve closures can create
pressure spikes that exceed the proof pressure of the silicon diaphragm, leading to
permanent offset or rupture.

| Maintenance and Troubleshooting

Solid state sensors are largely maintenance-free because they have no moving
parts. However, periodic verification is hecessary for ISO compliance and safety.

- Zero Point Calibration: Over time, sensors may experience a slight "zero drift."
Most modern transmitters allow for a zero-adjustment via a local display or
HART communicator.

- Cleaning: In wastewater applications, the diaphragm may become coated with
debris or biofilm. Cleaning should be done with a soft cloth and appropriate
solvent; never use a sharp object to clean a sensor diaphragm, as the thin metal
or ceramic layer is easily damaged.

- Cable Inspection: For submersible models, the integrity of the cable jacket is
paramount. Any nicks or cuts can allow water to enter the vent tube or the
electronics housing via capillary action.

| Frequently Asked Questions (FAQ)

Q: How long does a solid state pressure sensor typically last?

A: In a clean environment with stable temperatures, these sensors can last 10 to
15 years. In harsh chemical or high-vibration environments, the lifespan may be
reduced to 3 to 5 years.
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Q: Can a solid state pressure sensor measure vacuum?

A: Yes. Absolute pressure sensors measure relative to a vacuum, while compound
sensors are specifically designed to measure both positive and negative (vacuum)
pressures.

Q: What is the difference between Gauge and Absolute pressure?

A: Gauge pressure is measured relative to the local atmospheric pressure (it reads
zero when the port is open to the air). Absolute pressure is measured relative to a
perfect vacuum. For most tank level applications, gauge pressure is the standard.

Q: Does the density of the liquid affect the sensor?

A: The sensor only measures pressure. If the liquid density changes (e.g., due to
temperature changes or mixing different chemicals), the calculated level will
change even if the physical height of the liquid remains the same. The PLC must be
programmed with the correct density value for accurate level conversion.

By adhering to these engineering principles and selection guidelines, industrial
operators can leverage solid state pressure sensor technology to achieve precise,
reliable, and maintenance-free level measurement across a wide range of
applications. For further technical specifications and model comparisons, visiting
the Main Page of a dedicated manufacturer like Welk provides the necessary
documentation for project planning.
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