
Ultrapure Water Quality Assurance
Self-calibrating Silica Analyzer
Trace levels of silica in ultrapure water can cause spot formation during 

wafer drying. Ensuring silica removal in UPW production is vital. The new 

2800Si Silica Analyzer not only detects contamination quickly, the unit 

calibrates itself automatically, saving valuable operator time. 

The importance of minimizing  
silica in UPW
Water spots on silicon wafers can lead to 
reduced film adhesion, contact resistance, 
and other problems. The presence of silica 
in ultrapure water is largely responsible for 
water spot formation. Silica dissolution 
during rinsing steps can add to the silica 
content in process baths, aggravating the 
problem. Therefore, it is important that 
the silica content of ultrapure water is 
minimized and any increase in levels is 
quickly identified.

Silica is in all water supplies and requires 
membrane separation and/ or ion ex-
change for its removal. Direct, continuous 
silica measurement is the most effective 
means to protect against contamination 
from spent anion resin and improperly 

operating treatment systems. Silica has 
negligible conductivity and therefore  
cannot be detected using resistivity  
measurements. 

Optimized design meets silica 
measurement challenges
The METTLER TOLEDO Thornton 2800Si 
Silica Analyzer is a reliable on-line instru-
ment designed specifically for pure water 
treatment. The analyzer provides assur-
ance of water purity to optimize ion ex-
change production of ultrapure water. 

Early detection of trace contamination is 
available with minimal operator supervi-
sion. The 2800Si Analyzer enables unat-
tended automatic calibration at a user-
configured interval. 
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Applications
Ultrapure water monitoring at ppb silica 
levels can ensure the highest quality water 
is being delivered. According to the ITRS 
Roadmap, total silica should be < 0.3 ppb. 
With the 2800Si, silica breakthrough of 
polisher anion resin is detected at very low 
ppb levels and contaminated water can be 
diverted before it reaches critical areas. 

Features and benefits
j	Automatic, unattended calibration – 

provides excellent repeatability and 
saves operator time

j	Automatic zeroing with every mea-
surement – ensures measurement  
stability 

j	Simultaneous display of silica and 
measurement timing – provides con-
venient analyzer status at a glance, 
saving operator time

j	Analog output with choice of scaling – 
enables easy integration into data ac-
quisition system

j	Full enclosure – safely protects re-
agent containers and components in 
plant environment

j	Large reagent containers enable a 
long service interval – reduced main-
tenance time

Automatic calibration minimizes 
operator intervention
The 2800Si performs a zero calibration 
before each measurement cycle. An auto-
matic span calibration is performed at 
scheduled intervals (monthly is typical) 
using a known silica concentration stan-
dard. The calibration cycle may also be 
initiated manually. 

Fully protected from plant  
environment 
The analyzer is provided with a full dust 
and drip resistant lockable enclosure that 
protects the reagents and measurement 
components from the plant environment.

For more information visit:
c www.mt.com/Thornton-silica
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CEDI technology with reverse 
osmosis
Pure Water Group Technologies division 
specializes in water systems incorporating 
Siemens Ionpure CEDI technology for a 
wide range of applications. CEDI technol-
ogy is an environmentally friendly opera-
tion and provides continuous water  
production. The process uses electricity in 
combination with ion exchange mem-
branes and resin to separate dissolved ions 
from water. The resin in the modules does 
not exhaust because it is continuously 
regenerated by an electric current. 

A CEDI system purifies RO product water 
to constant quality ultrapure water. Dur-
ing this process most of the remaining 
ions are removed from the product water, 
including weakly ionized materials such 
as silicates and CO2. CEDI direct-current 
technology advantages include: 
j	No need for regeneration chemicals, 

therefore there is no hazardous chemi-
cal waste to dispose of

j	Continuous production of pure water 
and continuous electrical regeneration 
instead of periodic shutdowns for 
chemical regeneration

j	More compact than traditional ion ex-
change plants by eliminating the en-
tire regeneration system and chemical 
storage facility

Converted to Thornton  
instruments
Pure Water Group’s customers had been 
experiencing accuracy problems with 
previous instrumentation installed on its 
pure water systems. Conductivity accuracy 

Dutch producer of water systems
The Netherlands-based Pure Water Group 
produces components and systems for the 
production of diverse water qualities in 
power and petrochemical plants, solar 
energy, microelectronics fabrication, and 
pharmaceutical production. Water purifi-
cation technologies include reverse osmo-
sis (RO), ultrafiltration, and continuous 
electrodeionization (CEDI). The company 
serves customers located in Europe, Af-
rica, the Middle East, and Russia, and 
ships approximately 30 systems annually 
with capacities ranging from 20 to over 
1,000 cubic meters per hour (88 to over 
4,400 GPM).

High-performance Sensors for CEDI Technology
Water Systems Provider Relies on Thornton
Water quality can be determined with conductivity measurements, but 

requires very accurate sensors. When Pure Water Group produces water 

systems for its customers, it relies on Thornton sensors and transmitters 

to provide reliable conductivity measurements for demanding  

applications.
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18.2 MΩ × cm resistivity.” Each system 
typically uses three sensors coupled with  
Thornton M300 transmitters. 

With the introduction of the M800 multi-
parameter, touch-screen transmitter Pure 
Water Group is considering upgrading, 
allowing up to four sensors to be con-
nected to a single transmitter, thus saving 
panel space and parts inventory.

Mr. Scheepers adds, “Thornton measure-
ment systems perform consistently well. 

We have experienced no call-backs from 
our customers in the most demanding 
water quality applications.” 

Find out more at:
c www.mt.com/Thornton-
    conductivity

Ionpure is a trademark of Siemens its sub-

sidiaries or affiliates.

is particularly important in order to prove 
the water is within customer specification 
and process requirements. 

According to Pure Water Group project 
engineer Frank Scheepers, “We were look-
ing for a more reliable conductivity mea-
surement system to replace existing 
components. The supplier of our CEDI 
modules recommended Thornton mea-
surement systems, and we have found 
them to be consistently reliable and ac-
curate in a range of applications to 
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Simple Conductivity Sensor Calibration
Calibrator Helps Ensure Accuracy
UniCond® conductivity sensors have a very wide measurement range – from seawater 

to ultrapure water – making the same model of sensor suitable for a broad variety of 

applications. Now, UniCond has been improved further with a tool that allows calibration 

without removing the sensor from the process.

Why is accuracy important?
Semiconductor manufacturers constantly 
strive for higher product yields and lower 
manufacturing costs if they are to remain 
competitive in today’s market. Since water 
purity affects product yields, the need for 
reliable and accurate purity measure-
ments is increasing. Resistivity (and its 
reciprocal, conductivity) is one of the best 
methods of detecting ionic contamination 
in a UPW water system. As a result, a sen-
sor’s ability to repetitively and accurately 
detect ultra-low levels of ionic contamina-
tion is critical in semiconductor manufac-
ture. Ultrapure water has a resistivity of 

18.18 MΩ × cm at 25 °C; therefore, resis-
tivity instruments must have the ability to 
accurately and repeatedly detect very 
small conductivity changes on a nonzero 
background.

Calibration options
The ability of UPW systems to produce 
water with lower ionic concentrations and 
the demand to reduce costs has benefited 
from the introduction of a new generation 
of resistivity instruments. Today’s digital 
sensors and transmitters are more accu-
rate, have more inputs and outputs, are 
easier to operate, and control more of the 

water system than ever before. The  
METTLER TOLEDO Thornton UniCond 
sensor measures an expanded range from 
0.50 kΩ × cm to 18.18 MΩ × cm (conduc-
tivity 0.02 – 50,000 µS / cm) with up to 
33 % higher accuracy than analog sensors. 
To supplement this, a unique calibration 
module provides simplified calibration 
without removing the resistivity sensor 
from the process.  

Simple to use calibrator 
Calibration practice in most fabs requires 
at least annual calibration of resistivity 
sensors and often the measuring circuit as 
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suring system even allows calibration of 
the electronics with the sensor still im-
mersed in the water loop. 

Once the measuring circuits for resistivity 
and temperature are calibrated, then the 
complete sensor, including cell constant 
and temperature sensor, are calibrated 
based on a standard conductivity solution 
or by comparison with a certified reference 
instrument measuring the same sample. 
The temperature is calibrated by com-
parison with a standard temperature  
device.

Alternatively, the sensor may be returned 
to the factory for complete recalibration 
and certification. This is a common prac-

tice, at least for standard sensors. The 
higher accuracy of the UniCond sensor is 
preserved because the same built-in mea-
suring circuit used during factory calibra-
tion is used after installation, i.e. factory 
calibration accuracy equals installed ac-
curacy. This is unlike conventional sen-
sors where the measuring circuit in the 
factory stays in the factory and the sensor 
is installed with a different instrument 
and different signal cable length on site. 

UniCond sensors provide a definite step up 
in performance compared with previous 
generations of conductivity sensors.

For more information go to:
c www.mt.com/unicond

well. With conventional sensors and in-
struments, the measuring circuit must be 
calibrated against a series of precision 
resistors covering the range of measure-
ment. METTLER TOLEDO Thornton has 
provided calibration modules containing 
all of these resistances, conveniently pack-
aged and with traceable, certified  
accuracy. 

With new digital UniCond sensors, the 
measuring circuit is built into the sensor 
and calibration of the measuring circuit 
is also performed on the sensor. The pro-
cedure, and UniCond Calibrator with 
switch-selectable precision resistors, sup-
ports this capability, with readout of re-
sults at the transmitter. In fact, the mea-

The Calibrator allows calibration of a UniCond 
sensor while it is in the process. 
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Thornton is “the Preferred” Choice
In Mobile and Standalone Water Systems
The tough environmental conditions in the southwestern United States 

are demanding on mobile water trailers. For Puretec Industrial Water, 

the performance of Thornton instrumentation in this location is a testament 

to their durability and reliability.

water. Now run by father and son Jim and 
Jed Harris, Puretec employs 90 staff and is 
growing at the rate of about 15 % each year. 
The company’s water and desalination 
systems incorporate reverse osmosis, ul-
traviolet sterilization, microfiltration, 
TOC reduction and mobile trailers for  
on-site water purification in the micro-
electronics, power generation, pharma-
ceutical, and food and beverage industries.

Systems meet demanding 
microelectronics industry 
requirements
Puretec provides high purity water systems 
for the microelectronics industry to meet 

demanding production requirements. The 
ultrapure water from Puretec systems is 
used for washing and rinsing semiconduc-
tor components during manufacture, 
cleaning and etching operations, and as 
the source for ultrapure steam for oxida-
tion of silicon surfaces. 

Water systems are designed to maintain a 
reliable flow of water at 18.2 MΩ-cm with 
colloidal, organic and ionic impurities 
reduced to the low part per trillion (ppt) 
range. The company also offers reverse 
osmosis membrane cleaning services to 
optimize performance in generating ul-
trapure water.

Thornton – “the preferred” water 
quality instruments
According to general manager Jed Harris, 
Puretec customers are diverse and demand 
dependable, quality construction in their 
water systems. Water delivered to custom-
ers systems must often attain 18.2 MΩ×cm 
resistivity. Instruments must function reli-
ably, accurately, and be easy to calibrate. 

Independent water purification 
company
Puretec Industrial Water is an indepen-
dently-owned, fourth-generation family 
business serving customers in the south-
western United States, an arid region with 
some of the strictest water use and quality 
standards in the world.

Puretec dates to 1965, when Mr. Jim Harris 
started an industrial division of his fa-
ther’s and grandfather’s water business. 
They were originally franchisees of Cul-
ligan water softening, a service that re-
moves minerals to improve the cleaning 
properties and taste of residential tap 
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“Thornton instruments work well,” com-
mented Mr. Harris. “We usually insist on 
installing Thornton sensors and transmit-
ters in our customers’ water systems.” 
Thornton M300 transmitters are used in 
Puretec’s mobile water trailers and in 
customer installations, monitoring doz-
ens of data points in the water system. 

Operation in mobile trailer water  
treatment systems is a testament to the 
durability and reliability of Thornton in-
strumentation which travels thousands of 
miles throughout the lifetime of a system 
over rough roads between the ultrapure 
water user and the Puretec service facility. 
Despite this rough handling, Thornton 
instruments provide accurate measure-

ments to confirm water quality within user  
requirements.

Richard Mays, electrical design engineer, 
reports that with strict discharge standards 
in California, reclaiming and reusing 
water appropriately are key factors in 
system design. “Puretec systems monitor 
pH, conductivity, TOC, sodium, and a 
number of other parameters depending on 
our customers’ requirements. Our water 
systems are used in demanding environ-
ments, and the instruments must be built 
to perform accurately and reliably under 
these conditions. It’s vital to use products 
we can rely on, and that our customers 
find convenient to use. We have confidence 
in Thornton.”

Puretec is currently installing the new 
Thornton M800 ISM multi-parameter 
digital transmitter with touchscreen and 
unique iMonitor predictive sensor diag-
nostics capability. Mr. Mays reported that 
customers who have used the new  
multi-parameter transmitter are pleased 
with its user-friendly operation and ability 
to monitor multiple parameters  
simultaneously.

Puretec contributes to improve 
the community 
Owners of Puretec support charitable 
foundations to enhance quality of life in 
other countries. A portion of their operat-
ing profit goes towards aiding the Global 
Water Foundation to develops wells and 
water sources for underserved regions in 
Central America. 

To learn more visit:
c www.GlobalWater.org
c www.mt.com/pro-micro

Puretec service technician Tim Dowds inspects instrumentation on a water system control 
panel in its Oxnard, California facility. 
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In Microelectronics Production 
Ozone is recognized as an excellent agent for disinfecting UPW systems. Its strong oxidizing 

potential destroys organics and is utilized for functional waters in wafer cleaning tools. The 

Intelligent Sensor Management ozone sensor from Thornton provides rapid, accurate response 

to ozone concentrations, and also offers excellent sensitivity to zero levels of ozone.

The use of dissolved ozone in UPW systems 
is commonplace in semiconductor facili-
ties around the world. Ozone is an  
economical and practical approach to 
controlling and preventing microbial 
contamination, and to reduce organic 
levels in UPW. As many plants operate 
around the clock, year round, the instru-
mentation used to monitor ozone must be 
reliable, robust, and low maintenance.

The dual use of ozone in 
semiconductor facilities 
The first use of ozone in the semiconduc-
tor manufacturing process is for produc-

tion of functional waters. Wafer processing 
requires the use of functional waters for a 
variety of wet cleaning processes. Func-
tional waters begin with UPW, followed by 
the addition of a specific gas and / or 
chemical which can be used combined 
with physical energy (e.g. ultrasonic) to 
enhance the cleaning potential. There are 
three types of functional water: ozonated 
UPW, hydrogenated UPW, and electrolyzed 
(ion) water: 
1. Ozonated water is used for organic re-

moval (pre-cleaning, pre-deposition 
cleaning, post-deposition cleaning, 
photoresist strip) 

2. Hydrogenated water for particle re-
moval (rinse after etching) 

3. Electrolyzed water for removal of metal 
and particles

Ozonated ultrapure water is used in the 
semiconductor manufacturing process for 
cleaning and stripping of wafers due to the 
strong oxidation potential of ozone. Con-
trol of dissolved ozone is critical to ensure 
proper concentration for the wafer clean-
ing process. Ozone concentration and the 
half-life of ozone are dependent on tem-
perature and the pH of the ultrapure water 
used to produce functional water, and 
thereby enhance removal of impurities. 

The pH is lowered to a value of 4 to 5 
(controlled with NH3 gas addition) for 
optimal operating conditions for removal 
of copper (Cu) from the wafer. To ensure 
effective oxidation of the organics, resis-

Ozone is an effective sanitizing 
agent for UPW
Ozone has many benefits as a sanitizer. 
There are no byproducts generated as with 
other chemical sanitizing agents, and 
residual dissolved ozone rapidly breaks 
down to oxygen in water. However, ozone-
generating equipment is both a capital 
and operational investment and efficient 
operation is key to realizing a positive 
return on investment. To accomplish ef-
fective ozone operation requires the use of 
a stable and reliable dissolved ozone mea-
surement system and pH control of the 
ultrapure water.

Dissolved ozone 
sensor
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tivity is measured and monitored during 
the process. Additional monitoring of the 
process with total organic carbon (TOC) 
sensors is performed to verify removal of 
organics and prevent bacterial growth.

Customer case study
The control, monitoring, and mainte-
nance of the UPW system at a producer of 
integrated circuits and embedded semi-
conductors is a daily challenge. Our 
customer’s facility produces microcon-
trollers and embedded flash memories for 
global markets and is in the process of 
facility modifications to accommodate 
300 mm wafers and 22 nm linewidth 
circuits.

An efficient and 
controlled ozone 
system is critical  
to operations
The second use of ozone is 
as a sanitizer for ultrapure 
water. Our customer’s mi-
croelectronics facility uses 
periodic ozonation to en-
sure the UPW distribution 
loop is free from bacteria 
and to reduce organics in 
the water. 

A Thornton Ozone Sensor 
measures the ozone output 
level and allows the UPW 
plant operator to adjust, or 
tune, the ozone generating 

system output to ensure an effective oxida-
tion level. 

Although there are many steps in the water 
purification process, bacterial and micro-
organism contaminants often exist in 
distribution loops. Water loops such as the 
one in this facility transport large volumes 
of ultrapure water in polymer pipe com-
prised of multiple connection fittings, 
sample points, and sensor installation 
locations. If not routinely cleaned, these 
can contribute to increasing contamina-
tion levels.

Ozone sensor designed to meet 
customer requirements
The Thornton Ozone Sensor provides 
rapid, accurate response to ozone concen-
trations. In addition, it also offers excel-
lent sensitivity to a zero value to ensure 
destruction of ozone before distribution of 
the water to points-of-use.

Features built into the Thornton Ozone 
Sensor contribute to its reliability and low 
cost of ownership. The key to reliability lies 
in the sensor design. A robust stainless 
steel sensor body and housing design 
provides maximum resistance to deion-
ized water, even at elevated temperatures. 
The rugged Vario Pin (VP) style connector 
is a watertight, superior quality connec-
tion designed to provide long lasting in-
tegrity. The membrane cartridge is a 
unique design that offers simple, fail-safe 
membrane replacement.

Thornton transmitter and sensor 
combination meets requirements
Innovative sensor features, coupled with 
the capability of the M800 and M300 
multi-parameter transmitters, make the 
Thornton ozone measurement system the 
right choice for monitoring and control-
ling ozonated ultrapure water in this 
semiconductor fab. As in many facilities, 
when monitoring and control equipment 
is considered, capability, ease of use, and 
flexibility are desirable attributes regard-
less of the parameter. The M800 and M300 
transmitters are an asset to water system 
management and control, incorporating 
unsurpassed capabilities for measuring 
resistivity, pH, TOC, ozone, and dissolved 
oxygen. 

Intelligent Sensor Management
The new version of the ozone sensor,  
Ozone 6510 i, features our Intelligent Sen-
sor Management (ISM) technology. ISM’s 
predictive diagnostics tools enable sensor 
lifetime to be maximized and measure-
ment point downtime to be minimized.

Discover more at:
c www.mt.com/ozone

Dissolved ozone 
sensor
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or Digital Technology Enhances Performance
New TOC Sensor Predicts Its Own Maintenance

Thornton’s latest TOC sensor, the 5000TOCi, provides continuous, fast, 

and reliable monitoring of total organic carbon levels in ultrapure water. 

The new sensor improves upon previous versions by integrating Intelligent 

Sensor Management (ISM) technology to provide true predictive 

maintenance. 

ISM technology provides advanced 
sensor status and diagnostics data, 
turning maintenance from being re-
active to being proactive. 

The partnering M800 transmitter can 
accept three other analytical sensors 
in addition to TOC, including conduc-
tivity, pH, ORP or dissolved oxygen, 
plus two flow sensors. 

With continuous on-line measure-
ments the 5000TOCi sensor and 
M800 ensure TOC excursions will not 
be missed. 

Find out more at:
c www.mt.com/toc

Ultrapure water production requires 
the monitoring of organic contami-
nation throughout the treatment 
process. The ITRS Roadmap indi-
cates that total organic carbon levels 
should be < 1 ppb. 

The new Thornton 5000TOCi sensor 
provides continuous, fast, and reli-
able monitoring of TOC levels down 
to sub-ppb levels. 

Your benefits

Greater reliability
Automated Flow Control improves the 
reliability of continuous, real-time TOC 
analysis by eliminating sensitivity to 
system pressure changes.

Predictive diagnostics
Simplify maintenance processes with in-
depth diagnostics data, provided by 
detailed sensor status screens.

Simpler TOC measurement
5000TOCi with M800 transmitter reduces 
overall cost, complexity, and footprint of 
instrumentation.
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5000TOCi total organic carbon 
sensor and M800 transmitter



Visit for more information
www.mt.com/pro

Get in-line with METTLER TOLEDO

Experts in Water Purity
 
METTLER TOLEDO Thornton is recognized globally as the leader 
in ultrapure water measurements for semi conductor and micro-
electronics processing. Monitoring water purity helps guarantee 
that no contaminants endanger the final product, ensuring higher 
yield. Thornton instruments for resis tivity / conductivity, TOC, pH, 
ORP, dissolved oxygen, and dissolved ozone are specified in the 
majority of microelectronics manufacturing facilities worldwide to 
monitor and control critical UPW systems.

c www.mt.com/Thornton

Mettler-Toledo Thornton, Inc.  
36 Middlesex Turnpike
Bedford, MA 01730, USA
Tel:   +1 781 301 8600
Fax:  +1 781 271 0214
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