Versatile IC Preamplifier
Makes Thermocouple
Amplifier with Cold

Junction Compensation
Introduction

Accurate electronic temperature measurements are not
simple. There exists a large array of temperature sensors;
each with its own peculiarities. The major sensors are ther-
mistors, resistance sensors, and thermocouples. (Diodes
and transistors have been used but they are not normally
sold for this purpose.) Thermistors are highly non-linear,
making wide range measurements difficult. Resistance sen-
sors are large, require a bridge, and tend to be relatively
costly. Thermocouples are small, relatively linear, inexpen-
sive, but require reference junction temperature compensa-
tion.

Thermocouples are made when wires of different metals are
joined. A voltage is produced proportional to the temperature
difference between the junction and the output ends of the
wire. This voltage is the Seebeck coefficient and is usually
specified in volts (or microvolts) per degree. Commercially
available thermocouples produce an output of between 10
pV/°C and 50 pV/°C.

Since the output voltage of thermocouples is proportional to
temperature difference, the ambient temperature or mea-
surement end of the thermocouple must be known. Alterna-
tively, compensation can be applied for temperature
changes. This is done either by terminating the thermo-
couple in a temperature controlled environment or with elec-
trical compensation circuitry. The amplifier shown here pro-
vides a direct reading output of 10 mV/°C and automatically
compensates for reference junction temperature changes.
Further, calibration is relatively simple.
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Circuit Description

An LM321 preamp is used in conjunction with an LM308A op
amp to form a precision, low-drift, operational amplifier. The
LM321 is specifically designed for use with general purpose
op amps to obtain drifts of 1 pV/°C. When the offset voltage
is nulled, the drift is also nulled. There is a theoretical rela-
tionship between the offset voltage and drift when the offset
is not nulled to zero. The drift of the amplifier is then used to
compensate the thermocouple for ambient temperature
variations. Drift given by:

dVos _ Vos
dT T

where T is in degrees Kelvin.

Resistors R1, R2, and R3 set the operating current of the
preamp, and R3 is used to adjust the offset. The offset and
drift are amplified by the ratio of the feedback resistors R4
and R5 and appear at the output. R6 and R7 attenuate the
thermocouple’s output to 10 uV/°C to match the amplifier drift
and set the scale factor at 10 mV/°C. The LM113 provides a
temperature stable reference for offsetting the output to read
directly in degrees centigrade.
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Calibration

of error due to thermocouple effects from temperature gra-

et S dients across the circuit. The entire circuit should be en-
© Calibration is independent of thermocouple type; however, closed in a box with the end of the thermocouple terminated
2 circuit values are for chromel alumel. R6 and R7 must be in the box near the LM321. This will minimize temperature
o _changed for different thermocouples. I_:|rst, the therm0c0Up|_e gradients across the circuit and insure close thermal cou-
o is replaced by a short of copper wire and the LM113 is pling between the LM321 and the reference end of the
E shorted to ground. Then the offset is adjusted so the output thermocouple.
reads the ambient temperature at 10 mV/°’k—for 25°C this is ) . .
o 2.98V. The short across the LM113 is removed and R9 is Typically, the IZM321 will track temperature changeg with
(@] . . h less then 0.03°C error per degree change. Self-heating of
adjusted for the correct output in degrees centigrade. Con- . h o i
c nect the thermocouple, and it's ready to go the LM321 will change its temperature by about 2°C; this is
o ’ ' calibrated out initially. Reference and resistor drift can be
o P f expected to contribute about 0.02°C/°C. Of course, no com-
[T errormance pensation is made for nonlinearities of the thermocouple
c It should be mentioned that for stable performance, good output voltage as a function of temperature. Over a wide
= construction techniques are necessary. Resistors R4, R6, measurement range with relatively stable ambient tempera-
- and R7 should be wirewound so they contribute a minimum ture, thermocouple error will be the major inaccuracy.
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LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and
whose failure to perform when properly used in
accordance with instructions for use provided in the
labeling, can be reasonably expected to result in a
significant injury to the user.

2. A critical component is any component of a life
support device or system whose failure to perform
can be reasonably expected to cause the failure of
the life support device or system, or to affect its
safety or effectiveness.
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