THERMOCOUPLE AND SIGNAL CONDITIONING

                                      NIKHIL CHOPRA

INTRODUCTION

Temperature is the most frequently measured physical parameter. In this report we give a brief overview of the thermocouple as a temperature sensor. We also investigate the availability and pricing options available for these temperature sensors in the current market. A thermocouple cannot be used alone in conjunction with other devices and some signal conditioning has to be done in-order to use the temperature sensing measurements into our control laws for various applications. We have analyzed the AD 594/595 thermocouple from Analog Devices for this report. 

BASICS

The basic principles of the thermocouple were discovered in 1821 by Thomas Seebeck. Two Wires of dissimilar metals, when joined together at both ends constitute the  basic  thermocouple loop( see Fig 1a). This loop generates a voltage proportional to the difference in temperature between the two junctions. Since the thermocouple is basically a differential temperature measuring device, measuring a single temperature requires that  the temperature of one of the junctions be known. Users of thermocouples have relied on a variety of techniques to determine and compensate for the reference or ‘cold’ junction temperature. 
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Figure 1a. Thermocouple Loop




ICE POINT REFERENCING

The voltage output of all thermocouples is referenced as 0° C. This means that the voltage across the thermocouple corresponds to the temperature of the measuring junction only if the reference junction is held at 0°C. This can be done with an ice point cell or a ‘ice bath’ as shown in Figure 1b. However in a production environment it is impractical to maintain a reference junction at 0°C.
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LAW OF INTERMEDIATE METALS

In practice the need to eliminate the need for an explicit reference junction a direct connection equivalent to the basic thermocouple is made(see Figure 1c). The law of intermediate metals states that a third metal connected to two dissimilar metals of a thermocouple will not have any effect on the output voltage, as long as   
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Figure Tc. “Indirect” Reference Junction




the connections are at the same temperature.

PRACTICAL THERMOCOUPLE MEASUREMENT

In a production environment an ice point temperature can be eliminated by compensating for the voltage developed at the reference junction. This is done with a circuit that adds a voltage into the thermocouple loop,  equal but opposite to that of the reference junction(see Figure1d). 
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Figure 1d. Cold Junction Compensation




A device which does this and more is the AD594/595. The block diagram and basic connections are shown in Figure 2. The internal ice point compensation monitors the reference junction temperature and adds the appropriate voltage into the thermocouple loop at the internal summing mode. This net voltage is then amplified to a nominal output of 10mV/°C. The AD 594 is factory calibrated for a type J thermocouples, while the AD595 is set for type K. 

SEEBECK COEFFICIENT

Seebeck coefficient is defined as the rate of change of thermal voltage with respect to temperature at a given temperature and us usually expressed in μV/°C.  Thermocouple nonlinearity is represented by the change in this coefficient over temperature. A graph of various thermocouple is given in Figure 3. 
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Figure 3. Seebeck Coefficient vs. Temperature




TYPES OF THERMOCOUPLES

The two characteristics generally used to differentiate thermocouples types are sensivity and operating temperatures range.  The graph in Figure 4 portrays these characteristics for some popular combinations of metals. 
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Figured. Thermocouple Output vs. Temperature




OPTIMIZING PERFORMANCE WITH AD594/595

Cold Junction Errors
Optimal performance from the AD594/AD595 is achieved when the thermocouple cold junction and the device are at thermal equilibrium. Avoid placing heat generating devices or components near the AD594/ AD595 as this may produce cold junction related errors. The ambient temperature range for the AD594/AD595 is specified from 0°C to +50°C, and its cold junction compensation voltage is matched to the best straight line fit

of the thermocouple's output within this range. Operation outside this range will result in additional error.

Circuit Board Layout
The circuit board layout shown in Figure 5 (with the optional calibration resistors) achieves thermal equilibrium between the cold junction and the AD594/AD595.

The package temperature and circuit board are thermally contacted in the copper printed circuit board tracks under Pins 1 and 14. The reference junction is now composed of a copper-constantan (or copper-alumel) connection and copper-iron (or copper-chromel) connection in thermal equilibrium with the IC.
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Figure 5. PCB Connections




Soldering
Proper soldering techniques and surface preparation are necessary to bond the thermocouple to the PC tracks. Clean the thermocouple wire to remove oxidation before soldering. Noncorrosive rosin flux may be used with the following solders: 95% tin-5% antimony, 95% tin-5% silver, or 90% tin-10% lead.

Bias Current Return
The input instrumentation amplifier of the AD594/AD595 requires a return path for its input bias current and may not be left "floating." If the thermocouple measuring junction is electrically isolated, then Pin 1 of the IC should be connected to Pin 4, the power supply common. In some applications, tying the thermocouple directly to common is not possible. A resistor from Pin 1 to common will satisfy the bias current return path but will, however, generate an additional input offset voltage due to the 100 nA bias current flowing through it. If the thermocouple must be grounded at the measuring junction or if a small common mode potential is present, do not make the connection between Pins  1 and 4.

Noise Suppression
When detecting a low level output voltage from a thermocouple, noise reduction is a prime concern. Whether internally generated or induced by radiation from a source, noise becomes one of the limiting factors of dy-

namic range and resolution. Solving noise problems involves eliminating the source and/or shielding. The latter is more effective when the source cannot be controlled or identified. Noise may be injected into the AD594/AD595 input amplifier when using a long length of thermocouple. To determine if this noise path is the culprit, disconnect the thermocouple from the AD594/AD595 and tie Pins 1 and 14 to Pin 4. The output voltage at Pin 9 of the AD594/AD595 will now indicate ambient temperature (250 mV

at +25°C). If the noise at the output (Pin 9) disappears, then shielding on the input is required. Shielded thermocouple wire with the shield connected to Pin 4 of the IC will provide effective noise suppression. If the output still exhibits noise, it may be entering via the power supply. Proper power supply bypassing and decoupling will alleviate this condition.

Filtering the thermocouple input will attenuate the noise before amplification. Figure 4 illustrates an effective input filter consisting of a resistor in series with Pin 1 and a capacitor from this pin to ground. An offset voltage will result due to the input bias current flowing through

the resistor. Since the input bias current for the inverting input (Pin 14) varies with input voltage, any resistance in series with this input would produce an input dependent offset voltage. Therefore, it is highly recommended to connect this pin directly to common. In addition, the capacitor across the input terminals increases the response time for

the alarm circuit in the event of a broken thermocouple.
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Figure 6. Reducing Errors through Filtering, Compensat-
ing and Grounding




PRICING 

Thermocouples are widely available and they happen to be quite cheap. The common thermocouple is available starting from $13, however, if the thermocouple needs to be application specific like an plugin thermocouple etc. then the price goes up to the order of $40. The AD594/595 signal conditioner is available from Analog Devices and is priced at $11-$17.

DATASHEET

http://www.analog.com/UploadedFiles/Datasheets/421725987AD594_5_c.pdf 
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