
C-9

What is an RTD?
Resistance Temperature Detectors (RTDs) are
temperature sensors that contain a resistor that
changes resistance value as its temperature changes.
They have been used for many years to measure
temperature in laboratory and industrial processes,
and have developed a reputation for accuracy,
repeatability, and stability.

Why use an RTD instead of a thermocouple 
or thermistor sensor?
Each type of temperature sensor has a particular 
set of conditions for which it is best suited. RTDs 
offer several advantages:

• A wide temperature range (approximately 
-200 to 850°C)

• Good accuracy (better than thermocouples)
• Good interchangeability
• Long-term stability

With a temperature range up to 850°C, RTDs can 
be used in all but the highest-temperature industrial
processes. When made using metals such as
platinum, they are very stable and are not affected 
by corrosion or oxidation.

Other materials such as nickel, copper, and nickel-iron
alloy have also been used for RTDs.  However, these
materials are not commonly used since they have
lower temperature capabilities and are not as stable or
repeatable as platinum.  

RTD standards
There are two standards for platinum RTDs:  
the European standard (also known as the 
DIN or IEC standard) and the American standard.

The European standard, also known as the 
DIN or IEC standard, is considered the world-wide
standard for platinum RTDs. This standard, 
DIN/IEC 60751 (or simply IEC751), requires the 
RTD to have an electrical resistance of 100.00 Ω
at 0°C and a temperature coefficient of resistance
(TCR) of 0.00385 Ω/Ω/°C between 0 and 100°C.

There are two resistance tolerances specified 
in DIN/IEC751:

Class A = ±(0.15 + 0.002*t)°C or 100.00 ±0.06 Ω at 0ºC
Class B = ±(0.3 + 0.005*t)°C or 100.00 ±0.12 Ω at 0ºC

Two resistance tolerances used in industry are:
1⁄3 DIN = ±1⁄3* (0.3 + 0.005*t)°C or 100.00 ±0.10 Ω at 0ºC
1⁄10 DIN = ±1⁄10* (0.3 + 0.005*t)°C or 100.00 ±0.03  Ω at 0ºC

The combination of resistance tolerance and
temperature coefficient define the resistance vs.
temperature characteristics for the RTD sensor. 
The larger the element tolerance, the more the 
sensor will deviate from a generalized curve, and the
more variation there will be from sensor to sensor
(interchangeability). This is important to users who
need to change or replace sensors and want to
minimize interchangeability errors.
Section Z contains a resistance vs. temperature curve
from -200 to 850°C with resistance values given for
every degree Celsius. The following interchangeability

table shows how the tolerance and temperature
coefficient affect the indicated temperature of the
sensor in degrees Celsius:

At Omega, our standard RTD product offering is
based on the European or IEC standard, and it is
designated with an “E” in the model number.

Example: PR-10-2-100-1/4-6-E

The American standard, used mostly in North
America, has a resistance of 100.00 ±0.10 Ω at 0°C
and a temperature coefficient of resistance (TCR) of
0.00392 Ω/Ω/°C nominal (between 0 and 100°C).
Section Z also includes a resistance vs. temperature
curve from -100 to 457°C, with resistance values
given every one degree Celsius. At Omega, we
provide the American standard as an option and
designate it with an “A” in the model number.

Example: PR-10-2-100-1/4-6-A

Other resistance value options
RTD elements can also be purchased with
resistances of 200, 500, 1000, and 2000 Ω at 0°C.
These RTDs have the same temperature coefficients
as previously described, but because of their higher
resistances at 0°C, they provide more resistance
change per degree, allowing for greater resolution.

What are RTD Sensors? 
Why Use Them? How Do They Work?

Difference In RTD Sensor Output Between the 
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Interchangeability in ºC
Temp °C Class B Class A 1⁄3 DIN 1⁄10 Din

-200 1.30 — — —
-100 0.80 — — —
-50 0.55 0.25 0.18 —
0 0.30 0.15 0.10 0.03

100 0.80 0.35 0.27 0.08
200 1.30 0.55 0.43 —
250 1.55 0.65 0.52 —
300 1.80 0.75 — —
350 2.05 0.85 — —
400 2.30 0.95 — —
450 2.55 1.05 — —
500 2.80 — — —
600 3.30 — — —



C-10

C

OMEGA’s Class 10 Clean Room

For years Omega has been a leader in the manufacture
and sale of thermal, pressure, load, flow, and other
sensing products and instrumentation. As part of our
continuing commitment to our customers, OEM and 
end user alike, Omega has invested in world-class
manufacturing facilities such as our Class 10 clean
rooms, our industry-leading mineral insulated cable
production facility, and customized assembly and
molding processes.

RTD Element Construction
Platinum RTD elements are available in two types of
constructions: thin film and wire wound.

Thin Film
Thin-film RTD elements are produced by depositing a
thin layer of platinum onto a substrate. A pattern is
then created that provides an electrical circuit that is
trimmed to provide a specific resistance. Lead wires
are then attached and the element coated to protect
the platinum film and wire connections.

This investment provides us with a substantial
advantage in developing innovative products for our
customers. These advanced capabilities, along with 
our experienced technical, application, and customer
service professionals, are at your disposal in
developing the best solution for your specific
measurement and control needs.

Thin film elements are available in the European
standard (0.00385 Ω/Ω/°C), and in a special version,
used primarily in the appliance industry, that has a
temperature coefficient of 0.00375 Ω/Ω/°C. Thin film
elements are not available in the American standard.

Wire Wound
RTD elements also come in wire-wound constructions.
There are two types of wire-wound elements: those with
coils of wire packaged inside a ceramic or glass tube
(the most commonly used wire-wound construction),
and those wound around a glass or ceramic core and
covered with additional glass or ceramic material (used
in more specialized applications).

OMEGA’s F2020, 100 Ω, Class “A” thin-film element, see page C-85.

Did you know that a Class 10 Clean Room can have no more than ten
0.5 micron particles per cubic foot of volume? Hospital operating
rooms are Class 10,000, which means they can have 10,000
particles per cubic foot. For a sense of scale, consider that the
human hair is approximately 0.002 to 0.003" in diameter (or 2000 to
3000 microns).

Preparing to run another batch of elements

Substrates ready for processing

Did You Know That OMEGA Has the
Capability Of Producing RTD, Pressure, Force,
and Other Sensing Products in Our Own 
North American Class 10 Clean Rooms? 

Typical wire-wound RTD element
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Probe Construction
Once the RTD element is selected, the wiring and
packaging requirements need to be determined.
There are a number of ways to wire the sensors,
along with an unlimited number of probe or sensor
constructions to choose from.

Wiring Arrangement
In order to measure temperature, the RTD element
must be connected to some sort of monitoring or
control equipment. Since the temperature
measurement is based on the element resistance, 
any other resistance (lead wire resistance,
connections, etc.) added to the circuit will result in
measurement error.

The four basic wiring methods are shown below.

Sensors using the 4-wire construction are found in
laboratories and other applications where very precise
measurements are needed. The fourth wire allows 
the measuring equipment to factor out all of the lead
wire and other unwanted resistance from the
measurement circuit.

In the 2-wire with loop construction, the sensor
resistance measurement includes the lead wire
resistance. The loop resistance is then measured 
and subtracted for the sensor resistance.

The 2-wire construction is typically used only with high-
resistance sensors, when lead lengths will be very short,
or when tight measurement accuracy is not required.

Wire Materials
When specifying the lead wire materials, care 
should be taken to select the right lead wires for 
the temperature and environment the sensor will be
exposed to in service. When selecting lead wires,
temperature is by far the primary consideration,
however, physical properties such as abrasion
resistance and water submersion characteristics 
can also be important. Below is a table listing the
capabilities of the three most popular constructions:

Configuration
Once the RTD element, wire arrangement, and wire
construction are selected, the physical construction 
of the sensor needs to be considered. The final sensor
configuration will depend upon the application.

Measuring the temperature of a liquid, a surface, 
or a gas stream requires different sensor configurations.

Lead Wire Materials

Temperature Abrasion Water
Insulation Range Resistance Submersion

PVC -40 to 105°C Good Good

PFA -267 to 260°C Excellent Excellent

Fiberglass -73 to 482°C Poor Poor

Except for the 2-wire configuration, each of the above
wiring arrangements allows the monitoring or control
equipment to factor out the unwanted lead wire
resistance and other resistances that occur in the circuit.

Sensors using the 3-wire construction are the most
common design, found in industrial process and
monitoring applications. The lead wire resistance is
factored out as long as all of the lead wires have the
same resistance; otherwise, errors can result.

TX92 transmitter, $169, shown actual size (see page N-13).

450-APT, $295, 
(see page L-33) with 
PR-11 style sensor, 
$83 (see page C-52), shown
smaller than actual size.

F3105 element. 3-conductor, PFA insulated cable.

RTD-2-F3105-36-T without epoxy potting over connection, $45, shown actual size (see page C-79).
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Liquid Measurements
Probe-type sensor styles are normally used for
measuring liquids. They can be as simple as our
general purpose PR-10 and PR-11 constructions, 
or as involved as our PR-12, 14, 18, or 19—with
connection heads and transmitters. A popular choice
is the quick-disconnect sensor. This can be used as
is, with compression fittings for flexible installation, or
with our PRS plastic handle for a handheld probe.

When measuring the temperature of harsh
environments such as plating baths or highly
pressurized systems, sensors can be coated with 
a material like PFA Teflon®, or they can be housed 
in a thermowell to protect the sensor from extreme
conditions. Speak to our application engineers 
if you have any special measurement challenges.

Air and Gas Stream Measurements
Air and gas stream measurements are a challenge
because the rate of transfer of temperature from the
fluid to the sensor is slower than for liquids. Therefore,
sensors specifically designed for use in air or gas place
the sensing element as close to the media as possible.

OMEGA’s RTD-805 and
806 sensors allow the
sensing element to be
nearly in direct contact
with the air stream. With a
housing design containing
slots that allow the air to
flow past the element, 
this construction is very
popular in measuring air temperature in laboratories,
clean rooms, and other locations. 

When the situation requires a little more protection for
the sensor, an option is to use a design similar to the 
RTD-860. This design 
has a small diameter
probe with a flange 
for mounting. The
configuration will be a 
little slower to respond to
changes in the air stream,
but it will provide
improved protection for
the sensor.

Surface Temperature Measurements
Surface measurements can be one of the most
difficult to make accurately. There are a wide variety
of styles to choose from, depending on how you want
to attach the sensor, how sensitive to changes in
temperature the sensor has to be, and whether the
installation will be permanent.

The most accurate and fastest-responding surface
RTD is our SA1-RTD sensor. When applied to 
a surface, it becomes
virtually a part of the
surface it is measuring.

Surface sensors can also
be bolted, screwed,
glued, or cemented into
place. The RTD-830 has
a pre-machined hole in
the housing to allow for
easy installation with a #4
screw. The RTD-850 has
a housing with threaded
tip that allows it to be
installed into a standard
#8-32 threaded hole. This
RTD is handy for
measuring the
temperature of 
heat sinks or structures
where screw holes may
already exist.

Element and 
Wire Assemblies

Finally, if a simple RTD sensor with element and leads
is all you need, or you would like to build up your own
sensor, there are a wide variety of element and cable
configurations to choose from. Our element and wire
assemblies can also be cemented directly to a
structure. These sensors can be manufactured with
any of OMEGA’s RTD elements and can include 
PFA, fiberglass, or bare lead wires to suit your
application. Standard configurations are sold in
economical 5-packs, so you can keep a few handy 
for those unanticipated tests. If you don’t see the
combination you need in this handbook, just ask one
of our application engineers.

The information in this section is but a summary 
of the technical information and applications
experience OMEGA can provide to support your
measurement and testing needs. We encourage 
you to call our application engineers to tap into these
vast resources.  If the product you need is not on the
shelf, in most cases we can turn it around quickly to
meet your needs. 

PRS/HDX Handle Probes, 
$95, see page C-27.

RTD-805, $86, 
see page C-75.

RTD-860, $83, 
see page C-72.

PR-17, $90, 
see page C-60.

PR-13, $77, 
see page C-59.

PR-18, $90, 
see page C-65.

SA1-RTD, $50, 
see page C-77.

PR-10, $63, 
see page C-51.

PR-10, $63, 
see page C-51.

RTD-2-F3105-36-T-B, $82 per 5 pack, see page C-30.

RTD-830, $64, 
see page C-74.

RTD-809, $83, 
see page C-76.

RTD-2-F3105-36-T-OTP, $52, 
see page C-79.

Shown
smaller than
actual size.

Shown smaller than actual size.

Shown
smaller than
actual size.

Shown
smaller than
actual size.

Shown smaller
than actual

size.

Shown smaller than actual size.



PRTF or PR- (*)-(*)-(*)-(*)-(*)-(*)

Type

Lead Configuration

Element Resistance

Diameter

Length

Curve

ELEMENT
Lead configuration 3 provides two connections to
each end of the sensor. This construction is used
for measurements of the highest precision.

ELEMENT
Lead configuration 2 provides one connection 
to one end and two to the other end of the 
sensor. Connected to an instrument designed
to accept three-wire input, compensation is
achieved for lead resistance and temperature
change in lead resistance. This is the most
commonly used configuration.

ELEMENT
Lead configuration 1 provides one connection to each
end of the sensor. This construction is suitable where
the resistance of the run of lead wire may be
considered as an additive constant in the circuit, and
particularly where the changes in lead resistance due
to ambient temperature changes can be ignored.
Note: The resistance of probe and extension is added
to the sensor resistance and will increase the
measured value.

Lead Configurations 
of RTD Probes

Lead Configuration: Specify 1, 2,
3, or 4. Style 2 is standard. 
Resistance: 100 Ω is standard. 
50, 200, 500, 1000, or 2000 Ω
are available, usually with two-
week delivery. 
Sheath Diameter: 1.5 mm (1⁄16"), 
3 mm (1⁄8"), 4.5 mm (3⁄16") and 6.0 mm
(1⁄4") are available. 3 mm (1⁄8") and 
6 mm (1⁄4") O.D. probes are stocked
for off-the-shelf delivery. 
Sheath Length: There is no upper
limit on sheath length. The minimum
practical length is 2 inches. 
Curve: European (E): α = 
0.00385 ohms/ohm/°C, American 
(A): α = 0.00392 ohms/ohm/°C

The Probe 
A probe is an assembly
composed of an element, a
sheath, a lead wire, and a
termination or connection.
The Termination 
Probes may be terminated in
a connection head, quick
disconnect, terminal block,
or extension wire. OMEGA’s
standard terminations are
pictured on product pages. 
Other termination styles are
available upon special request.
For something other than
standard products, please
contact our sales team to submit
a full description and/or sketch 
of your desired version.
The Lead Wire
Lead styles are offered in one of
four configurations (see
diagrams at the side of this
page). Style 2 is OMEGA’s
standard. Be sure to select the
configuration that is compatible
with your instrumentation.
The Sheath 
The sheath, a closed end 
tube, immobilizes the element,
protecting it against moisture
and the environment to be
measured. The sheath also
provides protection and stability
to the transition lead wires 
from the fragile element wires.
OMEGA’s standard sheaths 
are 3 mm (1⁄8") and 6 mm (1⁄4") 
O. D. 304 stainless steel tubes.
Other O.D.’s and materials are
available upon request.
The Element
The standard OMEGA® RTD 
probe is made with a 100 ohm
platinum European curve
element (α = 0.00385).
Temperature Rating
OMEGA’s “PR” style RTD probe
assemblies are rated for use 
in temperatures up to 600°C

RTD Resistance Temperature Detectors

STYLE 1
RED

WHITE

STYLE 3
RED
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RED
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RED
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LEAD RESISTANCE LOOP
Lead configuration 4 is similar to Lead Configuration 3
except that a separate pair of wires is provided as 
a loop to provide compensation for lead resistance and
ambient temperature changes in lead resistance.

STYLE 2 (STANDARD)

RED

RED

WHITE

(1110°F). The “PRTF” style 
probes are rated up to 260 or 
500ºC depending on construction
(see product handbook page).
Temperature limitations may be
placed on termination styles due 
to the wire insulation used. The
maximum temperature rating
available on special order is 750°C
(1380°F). If the probe is intended 
for high temperature use, please
request a quotation.
OMEGA stocks a broad line of 
RTD probes for immediate delivery.
Many special assembly probes 
are available for shipment within 
two weeks of receipt of your 
order. Please consult Sales
Department for further details 
on your special needs.
Definition of RTD Probe
Part Number
Type: Select style PR- or PRTF-10,
-11, -12,-13, -14, -15, -16, -17, -18, -19.

PR-17-2-100-1/16-6-E, $115. 
See page C-61 for details.

PR-12-2-100-1/4-6-E, $90. 
See page C-65 for details.

PR-11-2-100-1/16-12-E, $97.
See page C-61 for details.
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Series Construction -200 -100 -60 0 100 200 300 400 500 600 700°C

A Tight spaces, leads
perpendicular

F Small, flat response
FR Ceramic
KN Ceramic for

temperatures
up to 600°C

G Glass
GN Glass with 

glazed coating
GX Glass with silicone-

glazed coating
W Special shapes

Definition
A resistance temperature detector
operates on the principle of the
change in electrical resistance in 
wire as a function of temperature.
Element or Probe? 
A common source of confusion 
is the distinction between 
an element and a probe.
The Element 
An element is the actual temperature
sensing unit. OMEGA features two
styles of elements: wire wound and
thin film.
Wire Wound 
Wire wound RTD elements used 
are made of 99.99% pure platinum
wire wound about a ceramic or glass
core and hermetically sealed within a
ceramic or glass capsule. Platinum
wire was chosen because it best
meets the needs of precision
thermometry. It resists contamination
and is mechanically and electrically
stable. Extension leads are attached
by welding at OMEGA or by the end
user. These RTD’s provide close
interchangeability between elements
with negligible drift and error with age.
On special request, OMEGA can
make RTD probes with other wire
materials. The probes are available
conforming to the following two
curves: European (E) or IEC60751
α = 0.00385 ohms/ohm/°C
or American (A) α = 0.00392
ohms/ohm/°C.

When accuracy over a wide
temperature range is a crucial factor
in industry, OMEGA's platinum
Resistance Temperature Detectors
(RTD’s) are unequalled in
performance. Stability over long
periods of continued use makes
them unmatched for reliability.
Precision materials and
workmanship make them highly
interchangeable for easy
replacement without calibration.

OMEGAFILM® Thin Film RTD Elements

Thin Film 
Made by depositing platinum as a film on
a substrate and then encapsulating both.
This method allows for the production of
small, fast response, accurate sensors.
Thin film elements also conform to the
IEC60751 curve.

Example: 2PT100G3550
2 2 windings 

(double resistance element) 
PT Platinum wire 
100 Resistance in ohms at 0°C 
G Glass core 
35 Length of element in mm 
50 This value divided by 10 gives 

element diameter in mm

Wire Wound 
Element 

Model 
Numbers

Standard OMEGA® probes conform
to the European (E) curve. When you
order, specify an “A” suffix instead of
“E” if the American curve is desired.
The calibration of “E” elements
conforms to the IEC60751 standard,
shown in the table.

Elements are included as part of
a probe assembly here in the
OMEGACompleteTemperature
Measurement Handbook and
Encyclopedia®, or they can be
purchased separately online at
omega.com.

KN Series ceramic 
wire wound platinum 
RTD elements shown 
larger than actual size.
Priced from $11.50. 
See pages C-91 and 
C-92 for details.
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CGlass coating over 
wire bonds pattern Connection 

wires

Connection pad

Ceramic base
Platinum thin

film layer

F2020, 
starts at

$0.75

F4050, 
starts at

$1.50

MOST 
POPULAR!

F1540, 
starts at

$1.50

F2010, 
starts at

$1.50

Recommended Temperature Application Ranges-Platinum RTD Elements
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Temperature
Calibrators, Connectors, General Test and Measurement 
Instruments, Glass Bulb Thermometers, Handheld Instruments 
for Temperature Measurement, Ice Point References, 
Indicating Labels, Crayons, Cements and Lacquers, Infrared 
Temperature Measurement Instruments, Recorders Relative 
Humidity Measurement Instruments, RTD Probes, Elements 
and Assemblies,  Temperature & Process Meters, Timers and 
Counters,  Temperature and Process Controllers and Power 
Switching Devices, Thermistor Elements, Probes and 
Assemblies,Thermocouples Thermowells and Head and Well 
Assemblies, Transmitters, Wire

Pressure, Strain and Force
Displacement Transducers,  Dynamic Measurement
Force Sensors,  Instrumentation for Pressure and Strain 
Measurements,  Load Cells,  Pressure Gauges,  Pressure 
Reference Section,  Pressure Switches, Pressure Transducers, 
Proximity Transducers,  Regulators,  
Strain Gages,  Torque Transducers,  Valves

pH and Conductivity
Conductivity Instrumentation,  Dissolved Oxygen 
Instrumentation,   Environmental Instrumentation,  pH 
Electrodes and Instruments,  Water and Soil Analysis 
Instrumentation

Heaters
Band Heaters,  Cartridge Heaters,  Circulation Heaters,  
Comfort Heaters,  Controllers, Meters and Switching 
Devices,  Flexible Heaters,  General Test and Measurement 
Instruments,  Heater Hook-up Wire,  Heating Cable 
Systems,  Immersion Heaters,  Process Air and Duct,  
Heaters,  Radiant Heaters,  Strip Heaters,  Tubular Heaters

Flow and Level
Air Velocity Indicators,  Doppler Flowmeters,  Level 
Measurement,  Magnetic Flowmeters,  Mass Flowmeters,
Pitot Tubes,  Pumps, Rotameters, Turbine and Paddle Wheel 
Flowmeters,  Ultrasonic Flowmeters,   Valves, Variable Area 
Flowmeters,  Vortex Shedding Flowmeters

Data Acquisition
Auto-Dialers and Alarm Monitoring Systems, 
Communication Products and Converters,  Data 
Acquisition and Analysis Software,  Data Loggers
Plug-in Cards,  Signal Conditioners,  USB, RS232, RS485 
and Parallel Port Data Acquisition Systems,  Wireless 
Transmitters and Receivers

click here to go to the omega.com home page
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