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Flow, moisture, and oxygen 
measurement in semiconductor 
manufacturing

Applying flowmeters and analyzers in ultrapure  
industrial environments
Driven by skyrocketing chip demand, the semiconductor industry is at its zenith, 
bursting through projections to continually set new standards for profitability. 
Annual revenue swelled by 23% last year after a 9% gain the year before. Total 
shareholder returns averaged 25% annually from 2015 to 2019. That rate doubled 
to 50% last year, fueled by remote work and businesses making technology 
purchases to help feed the trend. Compound annual growth is expected to be  
10% through 2029 and recent trends indicate it will be far higher.

But as serious players in the industry know, nothing is given. The semiconductor 
business faces an array of challenges. First, of course, is the problem of the 
semiconductor shortage. This isn’t as easily solved for semiconductor companies 
as it is for others. Increasing supply requires increasing production capacity, which 
means either expanding or constructing new facilities. It also means ensuring those 
facilities repeatedly and consistently deliver the highest-quality product. Only if 
these hurdles are overcome can an adequate return on the investment be realized.

It also means ensuring 
those facilities 
repeatedly and 
consistently deliver the 
highest-quality product.



The measurables 
Precision, reliability and availability matter in any business, but their importance 
in semiconductor manufacturing can hardly be overstated, particularly in the 
measurable components of the process. That compounds the challenges with 
the digital revolution, driving the surge in demand for smart phones, watches and 
other devices, and in turn, propelling the need for semiconductors. Fabs face the 
quandary of how to manage an intricate process to produce quickly and in bulk 
while managing cost.

Accurate measurement is essential in operations reliant upon the use of chemicals 
and in which chemical waste must be managed to ensure the highest standards 
while delivering to the expectations of an ever-growing market.

Every detail matters, starting with HVAC, the technology for which must be leading 
edge in the case of semiconductor fabrication. Air quality must be tightly managed 
with HVAC equipment that ensures acids, bases and organics are filtered and air 
standards are met for such delicate processes as circuit-board etching. These 
things also must be closely measured and monitored so that problems can be 
fixed in real time, before they fully develop. Panametrics' range of chilled mirror 
hygrometers offers high precision, drift free measurement of relative humidity for 
air quality and HVAC system control.

Water too is a fundamental component in the semiconductor manufacturing 
process, used to cool equipment and clean the surfaces of wafers. Ultrapure water 
is required for the process, which includes many repeated steps for wafer cleaning, 
rinsing and surface cleaning and conditioning; wet etching solvent processing; and 
mechanical planarization. The need for reliability in measuring devices  
is paramount.

In particular, that applies to air separation and gas supply. High-purity bulk gases 
such as nitrogen, oxygen, argon, carbon dioxide, hydrogen and helium are pivotal 
in the manufacture of semiconductors. Air separation and gas supply, like every 
other facet of the process, must be reliably measured and monitored.

Reliable measurement also requires flexibility and adaptability. Irregular flow 
patterns and changing fluid properties are two factors that affect measurement. 
Dynamics like this require measurement devices that have no moving parts, 
require minimal maintenance and provide long-term, drift-free operation.

Flowmeters 
The options in flowmeters are ample. Distinctions lie in functionality, accuracy, 
reliability and price.

Usable in most semiconductor manufacturing applications, ultrasonic flow meters 
offer an array of advantages particularly beneficial in a process where precision 
is everything. Measuring acoustic signals and time of flight, ultrasonic meters are 
noninvasive, and when clamped to the outside of pipes, ensure no contamination. 
The external application eliminates downtime. Unaffected by variables that 
compromise other meter types, the devices are low-maintenance and low-cost  
to operate. 

Moreover, ultrasonic flowmeters offer advanced technology and wide versatility, 
another valuable feature in a process where the demands are constant and 
deeply varied. Ultrasonics can handle high temperatures and are unphased by 
solids in wastewater lines. Regardless of line size, the same technology works 
flawlessly in making precise measurements of flow. Ultrasonics can be used on 
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pipes measuring as small as a half-inch up to 64 inches and more in diameter.

Monitoring ultrapure water, ultrasonic flow meters can be permanently installed for 
process control and used portably for spot checks and surveys of pump efficiency, 
heat exchange performance, filter tests, inline meters and more. 

Similarly, ultrasonic flow meters can be used to measure chemical bulk supply – 
both gases and liquids. This applies both in process control and in spot checks for 
leaks, compressor and pump efficiency, and other functions on lines ranging from 
an inch to 12 inches in diameter.

CASE STUDY – wastewater treatment
Virtually any need can be met with skillfully made ultrasonic meters. They not 
only can measure ultra-pure water and chemicals, but they also can verify the 
accuracy and function of other permanently installed meters.

A major semiconductor manufacturer with an onsite wastewater treatment 
plant is a case in point. The manufacturer needed to verify the performance of 
permanently installed meters onsite. 

This posed a particular problem. Onsite water treatment plants are common. 
Wastewater and chemical byproducts flow from various parts of the plant for 
handling, filtration or purification. Environmental concerns raise the stakes for this 
process since wastewater typically is discharged into a local water basin. If the 
accuracy of the inline meters isn’t tracked, the plant is legally liable.

Options considered for the task were found to be bulky, expensive, requiring 
additional add-on components, or simply impractical.

That scenario was in play at the major semiconductor manufacturer, where a 
network of dozens of lines crisscross through a concourse to a remote waste 
treatment site. The lines range from 2 to 10 inches in diameter and are made from 
materials including PVC, carbon and stainless steel and fiberglass. An assortment 
of permanently installed flowmeters tracks discharge on each line at the point they 
enter the wastewater plant, which bills departments based on usage rates. 

Volumetric flow is recorded over time, with data compared to customer data 
derived from a recording device or digital acquisition control system. This means 
the calibration, accuracy and function of the inline flow meter is capable of being 
verified. It was a matter of finding the right device for the job of verifying accuracy 
and function of permanently installed meters.

Enter the Panametrics Portable Ultrasonic Flowmeter.

The parameters for discharge pipes can be permanently programmed into the 
portable flowmeter memory as site information, reducing setup time. Offering 
universal clamping features, the ultrasonic can run for up to eight hours on 
rechargeable batteries, or, if needed to run longer, it can be plugged into a 
standard outlet. The accuracy is pinpoint, with a range of 1% to 2% of reading 
depending on the pipe size. The devices can log data and interface with personal 
computers. They also can be used as backups to inline flowmeters. 

High accuracy and continual monitoring with permanent meters and both 
accuracy and flexibility with portable meters delivered the solution the 
manufacturer needed.

Problem solved.

Ensuring ultra-high purity 
Along with ultrapure water, ultra-high purity gases form the lifeblood of the 
semiconductor manufacturing process. Both are piped throughout the fab, and 
the use of both requires the highest levels of precision, a thing that can only be 
accomplished through the use of moisture and oxygen analyzers that are rock-
solid in their accuracy and reliability.



The challenges are considerable and varied when it comes to quality control of 
bulk gas. 

Ultra-high purity nitrogen, for instance, is critical to the production of 
semiconductors. The gas plays a part in every facet of the manufacturing process, 
keeping wafers free of contamination from inspection to qualification. Ultra-high 
purity oxygen is used as an oxidizing agent and in abatement equipment. Among 
the lightest elements and the coldest liquid, helium is used throughout the fab for 
plasma processing, leak detection, lock cooling and more. 

Dedicated analyzer installations provide moisture and oxygen measurements for 
high-purity gases. Each part matters in the most literal sense. Even parts-per-
billion contaminants of moisture and oxygen in high-purity gases can lower yield 
and reduce product quality. Reliable measures are fundamental to bulk gas quality 
control, supply and separation.

In Air Separation Unit applications, point-of-use analyzers track impurities such 
as moisture and oxygen, both in the unit itself and throughout the gas distribution 
system. These analyzers also monitor impurities during cylinder and truck filling for 
the transport of these high purity and ultra-high purity gases.

CASE STUDY – controlling oxide layers
Controlling the oxide layer is a high priority in the manufacture of semiconductors. 
Precision in this task is required to get the right properties in the various chip layers. 
This presented a particular concern for a manufacturer looking to help develop 
semiconductors for the power industry.

The crystals’ development rate and purity depend on oxygen and temperature. 
Argon purges the system at startup, and oxygen is added once the temperature 
hits a set point to reach a 2% concentration of argon in oxygen.

Oxidation is controlled through visual monitoring, hardly an ideal way to obtain 
accuracy. A Panametrics oxygen analyzer brought precision and speed to the 
process at a low price and with easy installation.

This helped control the flow of oxygen from a cylinder to maintain the level at 2% 
by volume. The analyzer’s fast response was critical because of the nature of the 
reaction. It also featured a low sample volume, which aided the process because 
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of the low volume in the reaction chamber. The device was used at atmospheric 
pressure and temperatures at the sample point in the purged enclosure. The 
measurement range was 0% to 21% oxygen. The manufacturer obtained the 
precision and control they sought.

Another problem solved. 

ABOUT PANAMETRICS
Panametrics, a Baker Hughes business, develops solutions for measuring and 
analyzing moisture, oxygen, liquid, steam, and gas flow with proven technologies 
that are well-known and widely deployed across many industries, including  
oil and gas.

For more than 60 years, we’ve been constantly evolving our product line to deliver 
the most effective moisture and gas measurement systems on the planet. 

To learn more about Panametrics semiconductor industry portfolio or to talk to an 
expert visit: panametrics.com
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