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ABSTRACT 

 

This report describes in detail the design of a variable temperature controller. The 

arrangement implements a programmable PID controller, DC power supply, 

amplifying circuit, resistance temperature detector and Peltier (thermoelectric) 

module. The temperature controller is able to change temperatures within the 

range of 10°C – 90°C with an accuracy of ± 5°C. The temperature controller operates 

with an input voltage of ± 12VDC, provided by a power supply. The device has both 

heating and cooling capabilities and the temperature is controlled and monitored by 

the programmable PID controller.   
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1. INTRODUCTION 

The variable temperature controller was designed to be used for NSF bio molecular 

taggant project under Professors Mauricio daCunha and Paul Millard. The goal of 

the project was to research, design and build a device that is able is to heat and cool 

biomolecules in relatively short time spans. The device was to be purely electrical, 

with no moving parts. To accomplish this objective, a thermoelectric device was 

used in the project.  The Project also employed use of a PID controller and an 

amplifying circuit to supply the thermoelectric device. Some of the parts used in the 

project are described below.  

A. Peltier/Thermoelectric Module:  

A Peltier device is a solid –state active heat pump with two junctions. When a 

current i is made to flow through the circuit, heat is dissipated at one junction and 

absorbed at the other junction. The direction of heat transfer is controlled by the 

direction of the current; reversing the direction will change the direction of transfer 

and thus the sign of the heat absorbed/dissipated. Normally, Peltier device is not a 

very efficient heater/cooler but its use was appropriate here since it can heat/cool 

fast, is small in size and a solid state device.  

B. Resistance Temperature Detector (RTD): 

Also known as Resistive Thermal Devices or Resistance thermometers, RTDs are 

temperature sensors. They work on the basis that electrical resistance of material 

changes with temperature. This change in resistance can be predicted using 

Callendar Van-Dusen equation. RTDs were used in the project because they are 

very accurate, have wide operating range, can be very portable and are suitable for 

precise measurements.   
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C. Omega CNi32 Temperature Controller (PID Controller):  

To read, maintain and vary temperature accurately, a temperature control system 

relies on a controller which can perform these tasks. The Omega CNi32 controller 

accepts inputs from some temperature sensing devices including RTDs and can give 

an adjusted voltage output by adjusting the PID settings.  

The operation and implementation of other components used in the project as well 

some listed above are discussed under different sections in this report. Section 2 

describes the design of the variable temperature controller including selection of 

components. Simulation results are presented in section 3 and experimental 

measurements are presented in section 4. Section 5 compares the simulation and 

experimental results.  

 

2. PROJECT OVERVIEW AND DESIGN 

A block diagram of the variable temperature controller is shown in Figure 1 on the 

next page. It is essentially a feedback system where power is fed from the wall 

outlet to the DC power supply which provides input to the Peltier driver circuit 

resulting in cooling/heating of the Peltier module. The temperature is then detected 

by RTD and supplied as input to the Omega CNi32 controller. The Omega controller 

then adjusts the input to the driver circuit minimizing the steady state error in the 

system. The operation of different components is explained below.  
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Figure 1: Project Overview 

 

A. Peltier Device:  

The project required temperature variations from 10°C to 90°C. A Peltier 

module with Tmax rating (maximum temperature) 125°C and Qmax rating 

(maximum power dissipation) 34.5W was ordered from 

customthermoelectric.com. The dTmax (Maximum difference in temperature 

the device can achieve between the hot side and the cold side) for the device 

was 83°C. This meant that by keeping the hot side near a constant ambient 

temperature, the device could achieve very low temperatures. By using a heat 

sink to dissipate heat, it was probable that the device would achieve 10°C.  
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B. Power Supply (GLC 110):  

The maximum current rating for the Peltier module was 6A. So a power 

supply with high output current was preferable. The supply would also power 

op-amps used in Peltier driver circuit so a dual rail supply would be best. 

With these considerations, the GLC 110 was chosen. It operates at 90-264 

Vac, 47-63 Hz and can supply 6.3A @ +12Vdc and 2.5A @ -12Vdc (typical 

values). It was hard to find a power supply with high output current for both 

rails and the cost was significantly higher.   

C. Resistance Temperature Detector (RTD): 

The only real requirement for RTD was shape and form. It had to be small 

and preferably flat so that it could be placed on any surface. RTDs are in 

general very accurate and have large operating range. The Omega F3105 

with dimension 10mm x 2mm (approx.) was chosen.  

D. Omega CNi32 Temperature Controller:  

Figure 2 below shows power input options of the Omega controller.  It accepts 

universal AC input (from the wall outlet) connected as shown in the figure. A 

100 mA fuse is used for Fuse 1 in the figure. The Omega controller accepts 

RTD input in two wire or four wire configurations. The RTD used 

implemented the four wire configuration (because of availability) and is 

shown in figure 3. 
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Figure 2: Omega controller – Powering the device (options) 

 

 

Figure 3: Omega controller – Inputs 
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Figure 4 on the next page shows the outputs of the omega controller. For the 

project, output 1 was used which gives out analog voltage/current. A 2.5A fuse was 

used for fuse 1 in figure 4. 

 

Figure 4: Omega Controller - Outputs 
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E. Peltier Driver Circuit: 

A complete schematic of the Peltier driver circuit is shown in figure 5. The 

circuit consists of two stages, a gain stage and a voltage buffer. The gain 

stage is a differential amplifier built using op-amp LM741. A differential 

amplifier multiplies the voltage difference between two inputs of the op-amp 

by a constant factor (Gain of the amplifier). The positive input to the the op-

amp is provided by the Omega controller and the negative input is a constant 

voltage derived from a voltage divider resistive network that is supplied +12V 

by the DC power supply. The second stage, voltage buffer employs op-amp 

LM12CLK. A buffer amplifier can be constructed by connecting the output of 

an op-amp to its inverting input and connecting the source to the non-

inverting input. The output voltage in case of a buffer amplifier is equal to 

the input voltage. The input impedance of a buffer amplifier is very high and 

the output impedance is very low. Thus it doesn’t draw any current from the 

source, reducing the power consumption in the source. It drives the load as if 

it were a voltage source.  

 

Revant Shah Page 7



 
 

 

 

 

 
 

 

Figure 5: Peltier Driver Circuit Schematic 

 

 

 

3. CIRCUIT THEORY 

The Omega controller outputs DC voltage between 0 -10 V. The Peltier device 

though, needs both positive and negative voltage in order to perform both heating 

and cooling operations. Thus the circuit had to be biased so that the output voltage 

could be positive or negative as desired. This was done by dividing the +12V input 
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voltage from the power supply using resistors R5 and R6. Figure 6 shows the 

differential amplifier in the highlighted area, built using LM 741 and resistors R1, 

R2, R3 and R4.  

 

Figure 6: Differential Amplifier 

 

The output of the amplifier is           where Ad is the gain of the amplifier. The 

gain of the amplifier can be calculated as shown below. For simplicity purposes, the 

resistors were chosen such that        and       .    and    are not considered 

for calculation here since their equivalent resistance comes to be         which can 

be ignored as the other resistors are much larger and in series with the equivalent 

resistance of    and   .  
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Let V3 = 0 

        
  

  
        (3.1) 

Similarly, let V4 = 0 

       
  

  
        (3.2) 

From equations 3.1 and 3.2 

                       

      
  

  
           (3.3) 

                     

    
  

  
     (3.4) 

For the project R2 was chosen to be 20 KΩ and R1 was 10 KΩ. R5 and R6 were chosen 

to be 1.5 KΩ. Thus V4 was always maintained at 6V. 

     
     

           
    

Thus the output would have negative voltage unless the output from Omega 

controller was greater than 6V. When the output from the Omega controller is 6V, 

the Peltier device will neither heat nor cool.  

The second stage, voltage buffer, is shown in figure 7 below. Op-amp LM12CLK is a 

high power op-amp capable of dissipating 80W. The IC is capable of delivering ±10A 
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output current. Clamping the circuit using diodes ensures that the output never 

goes beyond the supply limits. When operating at limit, sometimes the op-amp can 

drive the output outside the supplies. Although, LM12 has internal clamp diodes 

that can handle several amperes, extreme conditions can cause destruction of the 

IC. Therefore the use of external diodes to clamp the output is highly recommended. 

The output voltage of this stage is same as the non-inverting input. But the output 

current is significantly higher which is effective in heating/cooling the Peltier 

device.  

 

 

 

Figure 7: Voltage Buffer 

 

4. SIMULATION 

The circuit shown in figure 8 was designed and simulated using Microcap. V4 was 

set to 6VDC and V3 was stepped from 0-10 VDC.  
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Figure 8: Simulated Circuit Schematic 

The plots from the simulation verified the theoretical results and the output was 

close to the calculated values. Figure 9 on the next page shows the simulation 

results.  
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Figure 9: Simulation results 

 

 

5. TESTING 

All device testing was done in Microelectronics lab in Barrows. The equipments 

used for device testing were the Agilent Oscilloscope and HP function generator. 

First the differential amplifier was built on a breadboard and measurements were 

taken.  Assuming that Vin1 and Vin2 are the two inputs to the differential amplifier, 
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Vin1 was kept constant at 6V and Vin2 was varied from 0-10 V.  Figure 5.1 below 

shows input vs. output plot of the differential amplifier. Vout changes linearly with 

change in Vin2. This complies with the theoretical results. Since the function 

generator outputs AC voltages only, all the input and output voltages were AC 

voltage at 1 KHz.  

 

Figure 10: Input Vs. Output plot of Differential Amplifier keeping Vin1 constant 

Later on, op-amp LM12CLK was added to the circuit, creating a voltage buffer. 

LM12CLK needs a heat sink for operation as it can dissipate a lot of power in the 

form of heat. Some power resistors were employed to observe the output current. 

The output current was limited around 3A because of power supply limitations.  
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6. PROGRAMMING THE OMEGA CONTROLLER 

The Omega controller has a list of settings that the user can change or input values 

into to get the desired output. A basic overview on how to program the device is 

shown in the flowchart below in figure 11.   

 

Figure 11: Flowchart for programming the Omega Controller 

First the input was selected.  Various input selections are shown in figure 12. In 

this case, the input was set to RTD – 385.4 - 100Ω. Here 385 refers to the 

temperature coefficient of the RTD which was 0.00385 for the purchased RTD. The 

number after the decimal point refers to the number of wires being used to connect 

RTD to the Omega controller which in this case was 4.  
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Figure 12: Flowchart for Input Configuration 

Figure 13 shows the flowchart for reading configuration. The controller was selected 

to display temperature in ℃ and to two decimal points.  The number of filters 

chosen was four. More filters correspond to more accuracy but it also takes longer 

for measurements. The IN and RD values give an option to bias the reading display. 

If the programmer wants to display a certain temperature when the actual 

temperature is different, it can be done by adjusting the IN and RD values. For the 

project though, these values were set to the suggested default values which 

corresponds to no reading error.  
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Figure 13: Flowchart for Reading Configuration 

The alarm and loop functions of the omega controller weren’t used. A flowchart for 

programming the controller outputs is shown in figure 14.  
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Figure 14: Flowchart for Output Configuration 
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Output 1 (only output 1 is being used for this project) was set to operate in analog 

mode. In analog mode, users can choose to limit the output current from 4-20mA 

and the voltage from 2-10 volts rather than the whole range of the controller, which 

is 0-20mA and 0-10V. This option was enabled since there is a gain of two in the 

first stage of the Peltier driver circuit and one of the input terminals is fixed at near 

6V. Outputting 2-10V makes maximum negative and positive voltage outputs about 

equal. This way the whole setup is more symmetric. The current option here isn’t 

that important since the voltage buffer takes care of high output current. The 

controller also gives the option of direct or reverse action which means the error 

correction function will invert. Suppose the output is set to a particular value and 

that value is not reached, the PID controller checks for error and then a corrected 

response is fed back from the input. If this corrected response is being added to the 

initial response by default, reverse action would imply that the response is now 

being subtracted and vice versa. The PID settings for output 1 were set to auto. This 

lets the controller decide the optimum values for the three adjustments – 

proportional, reset and rate corresponding to P, I and D. The Anti Integral feature 

allows the error term outside the proportional band to be calculated and 

accumulated for integration. This is important in applications where fast response 

time is desired. In this case, there was no noticeable change in response time on 

enabling or disabling it. Cycle time refers to the total On/Off time of each 

proportional cycle. Damping factor is a measure of speed, overshoot, and undershoot 

in which the process variable responds to the output changes of the instrument. The 

value is typically set to ratio of Rate to Reset. For fast response time, the value 

should be decreased while for slow response time it should be increased. These were 

all the features of the Omega controller that were used.  
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Testing the Omega controller was tricky because everything had to be put together 

so that it could receive temperature feedbacks. Unless the controller is connected to 

the circuit and is detecting a temperature, the outputs don’t vary. And if the 

controller is not connected to the circuit, the Peltier module keeps on 

heating/cooling in an uncontrollable manner. But after repeated tries, the 

mentioned configuration gave desired results.  

 

 

7. RESULTS AND CONCLUSION 

While testing in the lab, the Peltier device achieved a maximum temperature of 90 

°C and a minimum temperature of 8 °C. As mentioned earlier in the report, this 

device was built for a specific project. The lab power supply couldn’t drive the 

Peltier device to its full potential. Also, the device had to be a standalone device and 

not depend on other lab equipment (that are not very portable) for its use. Thus, a 

more powerful and portable power supply was ordered and was used to drive the 

Peltier driver circuit. A dual rail power supply with high output currents for both 

positive and negative voltage would be preferable. But such a power supply was 

hard to find. Very few power supplies, that were portable enough, had high output 

currents for both positive and negative voltages. Most of them were out of stock so 

the mentioned power supply was order. This results in much faster heating of 

Peltier device than cooling. It is also able to achieve higher temperatures but is 

limited in cooling. This can be corrected by biasing the Peltier driver and setting a 

lower/higher bias point in the first stage. Also, an enclosure was ordered for the 

whole setup. The enclosure takes AC input from the wall and implements fuses and 
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supplies the Omega CNi32 controller and the power supply. A list of parts used in 

the project and their respective costs can be found under table A.1 in appendix A. In 

all, the Variable Temperature controller performed satisfactorily, and all the 

specifications mentioned in the project proposal were met.   
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8. APPENDIX A 

 

Table A.1 

Parts used  Cost 

Resistors $0.30 

Diodes $0.30 

Circuit Board $5.00 

Peltier Device $79.00 

RTD $19.00 

Op-Amp LM741 $0.75 

Op-Amp LM12CLK $35.00   

Omega CNi32 Controller $250 

Power Supply $104 

Enclosure $65 

Total Cost $558.35 
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