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Introduction:

With safety and process profitability at risk, air flow measurement, clean or isolation rooms and 
leak detection systems demand precise low pressure monitoring. This paper explores the chal-
lenges of each application and the available technologies to measure such small pressures.

Basics of Very Low Pressure Measuring:

Let’s start with an understanding of the job that a low pressure sensor is intended to perform. 
For the purposes of this discussion, we will define “very low pressure” as below 10 inH20  
(2.49 kPa). Common examples of very low pressure applications discussed in this paper involve 
differential pressure (see figure 1). Consequently, we can expect that the sensor will have two 
pressure inlet ports to measure the difference in pressure between two independent sources. 
Depending on the installation, the sensor will usually measure the differential pressure between 
two different environments, often one that is controlled and one that is not. In many cases, the 
uncontrolled pressure is simply the barometric pressure inside a building, or the outside atmo-
sphere. With the measurement of low pressures and such low volumes of air, the tubing length 
and the temperature effects upon the tubing can erroneously raise or lower the pressure travel-
ing to one side of the sensor, resulting in inaccurate readings from the sensor. These variables 
must be taken into account during system design. 

Figure 1: Pressure Types
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Very Low Pressure Applications:

Three examples of typical very low pressure applications which will be discussed include air 
flow measurement, critical room pressurization measurement, and leak detection. Each of these 
applications present their own unique challenges, which are discussed below.

Air Flow Measurement:
Air flow in a duct is commonly measured using a pitot tube (refer to figure 2). Based on the sim-
plified Bernoulli equation below, the differential pressure across the pitot tube is proportional 
to velocity of the air in the duct squared. Therefore, when velocity increases by a factor of 2X, 
pressure increases by a factor of 22, or 4X. The measurement challenge is the wide span of 
flow rate, high static pressures and the accuracy and repeatability needed to maintain the sys-
tem. For example, we have measured an air flow from 400 Ft/min (122 Meters/Min) to 1600 Ft/
min (488 Meters/Min) with corresponding differential pressure values of 0.01 in. H2O and 0.16 
in. H2O (2.49 and 39.85 Pa). This common application shows that the transducer must provide 
accurate readings from the lowest value to a high value that is 16 times greater, requiring that 
the transducer provides enough resolution and accuracy to measure and reliably report the low 
value of 0.01 in. H2O (2.49 Pa). Furthermore, the difference between these miniscule pressure 
differentials must be unaffected by a much higher static pressure in the duct.

Simplified Bernoulli Equation

Figure 2:  Air Flow measurement using a Pitot tube
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Critical/Isolation Rooms: 

The pressure necessary to prevent contaminant infiltration into cleanrooms, isolation rooms and operating 
rooms is very low. Depending upon the function of the controlled room, specifications can vary from a differ-
ential of 0.01 to 0.15 in. H2O (2.49 to 37.36 Pa). Too low, and there won’t be enough air movement to contain 
particles. Too high, and the air will move into places that it shouldn’t, like ceiling joints, and it will become diffi-
cult to open doors. With such a tight differential pressure tolerance required, the very low pressure sensor for 
the air handling equipment must be extremely accurate, sensitive and stable. 

Guidelines for proper control of critical isolation rooms are provided by the CDC. They can be found in “CDC 
Guidelines for Environmental Infection Control in Health-Care Facilities” (dated June 6, 2003/Vol. 52/ No. RR-
10. Part III, subsection “Infection Control and Ventilation Requirements for Protective Environment Rooms”). In 
section D.5, the CDC recommends that “a positive room air pressure (>2.5 Pa [0.01- inch water gauge]) must 
be maintained in relation to the corridor.”

Cleanrooms (refer to figure 3) and operating rooms require a positive pressure; the pressure in the room is 
maintained at a higher level than the surrounding areas to keep contaminants from entering. Dust particles and 
microbes outside will be repelled by higher pressurized air spilling out of the room whenever a door is opened. 
Often, these environments consist of several separately controlled rooms surrounding or leading up to the crit-
ical area which can include a gowning zone and an airlock. Each of these areas will be held at slightly different 
pressures to ensure that the air always moves in the correct direction. 

In hospital “airborne infection isolation rooms”, the opposite is true. To keep contaminants from exiting the 
room, a miniscule volume of the room’s atmosphere is evacuated to create a lower pressure than the sur-
rounding areas. This negative pressure will control the direction of the air flow. When the door is opened, air 
from the adjacent area will push into the isolation room, preventing virus or bacteria from leaving and infecting 
staff, visitors or other patients.

     Figure 3: Cleanroom Illustration
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Leak Detection Systems:

Leak detection systems (figure 4) are often based on pressure decay between the component to be tested 
and a reference volume. In these applications, the sensor will only be measuring a slight, very low pressure 
difference between the line pressure used to fill the reference and test volumes. As a result, high accuracy is 
needed to provide meaningful resolution for the low pressure values.

Although the differential pressure being measured is very small, the pressure in the line will be considerably 
higher. Therefore, it is important to be sure that the sensor is capable of containing the line pressure, which is 
identified by its static pressure rating. Once confident that the sensor meets the operational requirements, the 
leak test can be performed. In one example, both the component to be tested and the reference volume are 
filled with pressure as high as 100 PSI. Two valves will be closed. One to isolate the component from the ref-
erence volume, the second to isolate the reference volume from the line pressure. If there is a small leak, the 
measured differential pressure will increase and the value can be used to calculate the leak rate. However, if 
there is a large leak or a sudden fracture of the component, the differential pressure sensor will be exposed to 
a very high single sided pressure for a short period of time. This spike can damage a transducer that does not 
have adequate overpressure capability.

 

Figure 4: Leak Detection System

Silicon MEMS Sensor Structure:

Figure 5 shows the basic construction of the Silicon MEMS sensor used in Ashcroft® ultra-low pressure trans-
ducers. This sensor is a state-of-the-art variable capacitance design with a glass-clad silicon chip. The Si-
GlasTM technology combines the high sensitivity of a variable capacitance transducer with the repeatability of a 
micro-machined, single-crystal silicon diaphragm. The Si-GlasTM sensor is composed of sputtered metals and 
glass molecularly bonded to silicon. There are no epoxies or other organics in the sensor to contribute to drift 
or mechanical degradation over time. The silicon diaphragm is perfectly elastic, yielding outstanding repeatabil-
ity, stability and high proof pressures.
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Figure 5

Silicon MEMS Sensor – How it Works:

As shown in Figure 6 when greater pressure is applied to the lower side, the silicon diaphragm 
deflects upward. So following the capacitance equation below, the top capacitive signal “C1”  
increases, while the bottom capacitive signal “C2” decreases.

The Silicon SiGlas™ sensor is designed to create two capacitors that vary as the diaphragm is 
displaced due to differential pressure (Figure 6).  Mathematically, each capacitor can be roughly 
modeled as a parallel plate capacitor as follows:

      
 

 
 of the Electrode

 

Capacitance Equation

Figure 6
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As shown in Figure 7 when greater pressure is applied to the higher side, the silicon diaphragm 
deflects downward. The top capacitive signal “C1” decreases, while the bottom capacitive sig-
nal “C2” increases.

Figure 7

Comparison of Sensing Technologies Commonly Employed:

There are two types of commonly employed materials (metal and silicon) and four different prin-
cipals of operation used. Metal diaphragms are generally much larger and have far more mass 
than silicon diaphragms. This makes them more prone to position effects. They can be suscepti-
ble to deformation due to overpressure and pressure spikes if stressed beyond the yield point of 
the material.

There are three principles of operation for sensors utilizing silicon. Piezoresistive strain gauges 
are not offered in ranges low enough to meet all the application requirements we are discussing. 
Calorimetric sensors are based on temperature changes in a flow. By their nature they allow a 
very small amount of flow to occur from the high side to the low side of the sensor. They are not 
a true dead ended sensor and may not be suitable for use in critical/isolation rooms or leak de-
tection systems.
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Silicon diaphragm sensors using the differential capacitance principle of operation have the 
advantage of a perfectly elastic diaphragm and are better able to handle overpressure and pres-
sure spikes. By virtue of the extremely small size and low mass, they are far less position sensi-
tive than larger and heavier metal diaphragms. Since they are dead ended sensors, they can be 
used in critical/isolation and leak detection systems. However, because they are offered in very 
low ranges, they will also meet the requirements of most applications. 

Sensing Element Silicon Diaphragm Silicon Diaphragm Silicon Based Metal Diaphragm Metal Diaphragm

Principal of  
Operation

Differential  
Capacitance

Piezoresistive Strain 
Gauge

Calometric Differential Capacitance Differential Eddy 
Current or Variable 

Reluctance
Comparison Perfectly elastic  

diaphragm
Less position sensitive

Better resistance to 
overpressure and 

spikes

May not have low 
enough ranges for all 

applications

Based on tempera-
ture changes in 

a flow 
Not a true dead 
ended sensor

Metal diaphragm has 
a higher mass which is 
more prone to position 

errors, overpressure and 
spikes

Metal diaphragm has 
a higher mass which is 
more prone to position 

errors, overpressure 
and spikes

Figure 8

Summary:

Measuring very low pressures in small volumes with accuracy and repeatability requires a 
specialized sensor like no other. The sensor’s design, manufacturing process and installation 
methods will determine whether or not the transducer is able to deliver the long term stability, 
accuracy and resolution necessary to provide meaningful measurements. Ashcroft® MEMs sil-
icon diaphragm, capacitance type sensors have proven the virtues of this technology through 
years of use in a wide variety of very low pressure applications.  
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