INTRODUCTION
  Many circuits are available in market to measure temperature using commercially available sensors like AD590 and LM337. Here’s a simple temperature sensor built around a transistor (used as diode) and a single chip analogue to digital converter (ADC) cum 3 ½ digit LED driver ICL7107. apart from displaying the temperature  with a resolution of 0.1°C , this circuit provides for temperature based relay activation for controlling heaters ,coolers etc. The trip point temperature set  for activating the relay, can also be displayed with simple flick of a switch .This circuit can be calibrated to have an accuracy of ±2 ºC, with an operating range of -25ºC to 125ºC .

CIRCUIT OPERATION
           Figure shows the circuit diagram of the temperature measurement system using transistor T2 as sensor. The base and collector of T2 have been shorted so that it is reduced to a diode. The forward voltage drop of the diode -changes with temperature. The rate of change of voltage drop is around -2mV/ºC . Thus, the forward voltage of the diode drops with increase in temperature. This principle is used in this circuit to measure temperature with reasonable accuracy.
                                            A small –signal transistor provides the best characteristics suitable for use as a temperature sensor .As a matter of fact any small signal transistor can be used in place of the BC547 in the circuit with similar results .The base emitter diode is used as the sensing element in the circuit .This diode has a nominal forward voltage drop of around 0.6V at room temperature .The diode is forward biased with a current of 100µA,derived from the internal reference of  ADC  ICL7107.The voltage drops by around 2mV for every ºC rise in temperature.
                                                    This voltage is connected to the IN LO input of the ICL7107CPL.The IN HI signal is connected to a trimpot, which is set such that at 0°C the potential difference between IN HI and IN LO is 0V.
                              With increasing temperature, the voltage drop in the base-emitter diode of transistor reduces and hence the potential difference between IN HI and IN LO increases. This potential difference is converted into a digital value by the ADC as per the following relationship:

           


(IN HI-IN LO)/ (REF HI-REF LO)×1000 counts,

where REF HI and REF LO are the voltage levels at pins 36 and 35 of IC1, espectively.
                                                     A reference voltage is critical in all analogue-to-digital conversions. The ICL7107CPL has an internal band gap reference that provides a stable output of around 2.8V as measured from the positive voltage rail (+5V). The analogue common (AC) is used for all the analogue circuitry .Thus at any point of time the potential between the AC and the +5V rail is maintained at a constant 2.8V by the internal reference. Trimpot VR1 connected between the AC and the +5V sets the reference voltage for the analogue-to-digital conversion (REF HI- REF LO).                                                                   
ADC PARAMETERS

               The ADC requires a fairly stable clock, which is generated by using a simple R-C combination. With the components shown across pins 39 and 38 of IC1 in the circuit, a clock frequency of about 48 kHz is obtained. For all ranges of the frequency, a 100K resistor is recommended and the capacitor value is calculated from the equation   f =0.45/RC . This gives a conversion rate of 3 readings per second.




Since this is an integrating type ADC, an integrating capacitor (C4, 0.22µF) is used here. As the accuracy of the ADC greatly depends on the type of the capacitor, the capacitor must be carefully selected. Use a capacitor with low dielectric absorption, such as polypropylene, polystyrene or polyester capacitor .Any other type of capacitor will provide erroneous results. The integrating current is set by the 47k resistor (R4) 

The auto-zero capacitor has some influence on the noise of the system .For 200mV full scale, where low noise is very important, a 0.47µF polyester capacitor (C3) is recommended. A 0.1µF polyester capacitor (C1) is used for the internal reference circuitry. Since the ADC output section switches large currents, a 0.1µF ceramic disk decoupling capacitor is connected close to IC1.

 

The ADC has 23 outputs that directly interface with LTS542 common-anode 7-segment displays (DIS1 to DIS3) and ½ digit common anode display (DIS4) .We can use LTS542 by using its segments b, c, and g in place of ½ digit display with a, b and POL (MINUS) segments, respectively. The result of the conversion along with polarity is displayed on these four seven segment displays.
CONSTRUCTION
                          An actual –size, single side PCB for the temperature measurement system is shown in fig1 is shown in fig2, with its components layout in fig3.
                      The circuit operates off a simple power supply using an IC7805 regulator. A ±12V rectified and filtered voltage is created by using a bridge rectifier (comprising diodes D1 through D4) and filter capacitors C5 and C6 at the output of transformer X(230V AC primary to 12V-0-12V,300mA secondary ). On the +12V rail , a 7805 regulator (IC3) is used to regulate the output to a stable 5V.On the -12V side a simple zener diode (ZD) is used to generate a fairly stable -5V supply for the ADC .

CALIBRATION
                  After assembling the circuit , dip sensor transistor T2 in ice cold water at 0°C , taking care not to short the the base and emitter leads of the transistor , and adjust trimpot VR2 until the display reads 000.0  .After this ,dip sensor transistor T2 in boiling water (100°C) and adjust trimpot VR1 such that the display reads 100.0 . 
Since the sensor diode takes some time to settle to final  temperature,     the sensor should be kept in ice or in boiling water for at least 10 or 20 seconds before adjusting VR1 or VR2 .once calibration is done then the circuit is ready to measure the temperature of the desired medium.

RELAY CONTROLLER


     The circuit can be used to control a heater using a relay contacts. The simple voltage comparator circuit built around LM311 compares the  temperature measured by the sensor transistor T2and trip point temperature is set by the VR3. If the actual temperature measured by the sensor is less than the trip point, the relay remains energised. On reaching the trip point the comparator switches off the relay, this in turn switches off the heater.


       To monitor the trip point temperature on display, press push-to- changeover switch S. This shifts switch S connection from position A to position B and connects the ASC input pin 30 of IC1 (IN LO) to the trip=point voltage set  by VR3.The trip-point temperature is now displayed on the four 7-segment displays (DISI to DIS4).On releasing switch S, the ADC input pin 30(IN LO) returns to position A, and now the ADC normally displays the sensor temperature. A positive feedback is used in the comparator to produce clean transitions at the output.

CAUTION

                        1. To ensure correct and accurate operation, select appropriate capacitors for the ADC.

                        2. Trimpots VR1 and VSR2 must be of low-drift type.VR3can be wire-wound type, which will greatly improve the stability of the circuit.

                        3. Take care while handling ICL7107CPL, as it is susceptible to electrostatic charge. Always use a shielded cable from the sensor to the PCB.

                        4. Analogue common (AC) and digital ground (GND) should not be connected together.

                         5. The load current should be within the relay contact ratings.

                         6. The sensor must never be kept floating in air if the air temperature is to be measured. Otherwise, the sensor will not give a stable output, leading to excessive rolling of the ADC outputs. To achieve a stable output, attach the sensor to a metallic device, which, in turn, may be exposed to the medium whose temperature is to be measured.

