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Positive Analog Feedback Compensates PT100 Transducer

Abstract: This article reviews the basic characteristics of common temperature sensors, describes the RTD PT100
temperature transducer, and explains a simple analog approach for linearizing and conditioning the output of that
device.

Temperature is one of the most measured physical parameters. Thermocouple and resistance temperature detector
(RTD) sensors are adequate for most high-temperature measurements, but one should choose a sensor that has
characteristics best suited for the application. Table 1 offers general guidelines for choosing a sensor.

Table 1. Sensor Attributes

Response time Better
Maximum temperature Higher

Ruggedness Better
Cost efficiency Better
Accuracy Better
Long-term stability Better
Standardization Better

RTDs offer high precision and an operating range of -200°C to +850°C. They also have an electrical output that is
easily transmitted, switched, displayed, recorded, and processed using suitable data-processing equipment. Because
RTD resistance is proportional to temperature, applying a known current through the resistance produces an output
voltage that increases with temperature. Knowledge of the exact relationship between resistance and temperature
allows calculation of a given temperature.

The change in electrical resistance vs. temperature for a material is termed the "temperature coefficient of
resistance" for that material. The temperature coefficient for most metals is positive, and for many pure metals is
essentially constant over a large portion of the useful temperature range. Moreover, a resistance thermometer is the
most stable, accurate, and linear device available for temperature measurement. The resistivity of metal used in an
RTD (including platinum, copper, and nickel) depends on the range of temperature measurements desired.

The nominal resistance of a platinum RTD is 100Q at 0°C. Though platinum RTDs are highly standardized, they
conform to multiple standards that are not identical worldwide. Therefore, problems arise when an RTD built to one
standard is used with an instrument designed to a different standard.
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Table 2. Common Standards for Platinum RTDs>*
ALPHA (a): Average

Nominal Resistance at

0°C (W)

Organization Standard Temperature Coefficient of
Resistance (/°C)
British Standard BS 1904: 1984 0.003850
Deutschen Institut fiur Normung  DIN 43760: 1980 0.003850
Interngtlc_)nal Electrotechnical IEC 751: 1995 0.00385055
Commission (Amend. 2)
SIS TS SAMA RC-4-1966 0.003923
Manufacturers of America
Japanese Standard JIS C1604-1981 0.003916
Amerl_can Society for Testing and ASTM E1137 0.00385055
Materials

*Sensing Devices, Inc. manufactures platinum RTDs to these thermometry standards.
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Platinum’s long-term stability, repeatability, fast response time, and wide temperature range make it a useful choice
in many applications. As a result, platinum RTDs are recognized as the most reliable standard available for
temperature measurement. The PT100 RTD is described by the following generic equation, which makes obvious a

nonlinear relationship between temperature and resistance:

Ry = RO(1 + AT + BT2 + C(T-100)T=)

where:

A = 3.9083 E-3

B =-5.775 E-7

C = -4.183 E-12 below 0°C, and zero above 0°C

See Table 3 for the corresponding data in tabular form.
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