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Abstract

Determining in-situ temperatures by means of conformal temperature probes is a well established technique. Students at the Virginia Military Institute, as part of their advanced laboratory courses, learn how this temperature measuring technique can be applied by creating their own deformable temperature sensors. The sensor is fabricated by depositing a conducting polymer onto a flexible substrate either by spin-coating or ionic-self assembly. Electrical contacts are then deposited onto the ends of the conducting polymer. Determining the resistance of the polymer as a function of known temperatures establishes a relationship that can be used to measure the temperature of objects that the sensor is in thermal contact with. 
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Prerequisite Knowledge

To successfully complete this exercise a student should have an understating of basic university physics and chemistry, laboratory measurement techniques, and vacuum evaporation.
Objective(s)
The objective of this exercise is to construct and test a conformal temperature sensor by depositing a conducting polymer onto a flexible substrate.

Equipment and Materials (include sources if appropriate)
Plastic substrate material

poly[2-methoxy-5-(2'-ethylhexyloxy)-p-phenylene vinylene] (MEH-PPV)

Aluminum granules for evaporation

Micro 90 cleaning solution

Dionized water

Vacuum evaporator for depositing aluminum leads (Ladd vacuum evaporator)

Temperature probe (Fisher Scientific Platinum Sensor, Pt-100( Precision Thermometer)

Ohmmeter (Keithley 2400 SourceMeter)
Introduction 

Organic semiconductors have been shown to hold significant potential in optical and electronic applications.1,2 Organic thin films have been at the center of research for the last two decades and are becoming more and more integrated with the inorganic semiconducting materials or simply used alone in several applications. One potential application of organic conducting thin films is the temperature probe. Since polymer materials allow for deposition onto flexible substrates, conformal temperature probes can be readily fabricated. Conformal temperature probes can be used as lightweight, portable temperature sensors in a variety of applications: medical, industrial, and electronics. The conformal temperature probe experiment described in this paper gives students the opportunity to apply the concepts learned in their physics and chemistry courses and allows them to design and execute an experiment that has practical applications based on the latest advances in materials science.  

Procedure
The temperature sensor was fabricated using a plastic strip that is 1 cm × 3 cm and approximately 1 mm thick. The substrate is cleaned by initially rinsing in DI water, sonicating in a 2% solution of Micro 90 cleaning solution, followed by two separate sonications in DI water for 30 minutes and then 15 minutes with a rinse in DI water in between. The plastic strips were then dried using ultra-purified nitrogen gas and stored in an enclosed container inside a dessicator cabinet.
A 67% solution of poly[2-methoxy-5-(2'-ethylhexyloxy)-p-phenylene vinylene] (MEH-PPV) was made by dissolving 0.067 g of MEH-PPV in 10 ml of Chlorobenzene and stirring overnight in a dark enclosure. The plastic substrate was then dipped into the MEH-PPV solution, removed, and allowed to dry horizontally for approximately 30 minutes. The plastic slide was then stored in a desicator overnight in order to completely dry.  Aluminum electrodes were deposited onto the ends of the device by vacuum evaporation at 7 × 10−5 torr. A drawing of the device is shown in Figure 1 (left) and the actual device, with flexibility demonstrated, is shown in Figure 1 (right).
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Figure 1. (Left) Drawing of temperature sensor. (Right) Photograph of completed temperature sensor.
Testing the device was accomplished by attaching it to a temperature probe with alligator clips leads from a Keithley 2400 SourceMeter. An insulator was used to prevent shorting by the temperature probe. The temperature of the device was then varied by wafting liquid nitrogen vapor over the device and noting its resistance as a function of temperature. This setup is shown in Figure 2.


Figure 2. Experimental setup used to measure resistance as a function of temperature.

Data were taken as the probe cooled down and then heated up to about room temperature. A series of five cooling/heating cycles is shown in Figure 3 with cycle one being the first performed. The data show a fairly linear decrease in resistance as the temperature increases, with the resistance almost doubling over approximately a 20°C temperature change.  The inverse resistance-temperature relationship demonstrates the semi-conductor nature of MEH-PPV (indicated by a negative temperature coefficient of resistivity). 
The data also show the effect that ambient conditions have on the MEH-PPV layer. When measuring the resistance using the SourceMeter, a small current is sourced through the MEH-PPV layer. The current increases as conducting pathways are created in the film layer and the device is conditioned. This can be seen by the initial, overall drop in resistance for the first 2 data cycles. However, the layer experiences oxidative degradation typical of MEH-PPV polymer when exposed to oxygen3. This accounts for the increase in resistance after cycle 2.
Comments

This laboratory exercise allows students to incorporate knowledge they have from different areas of physics and chemistry. Proper substrate cleaning, preparation of readily available conducting polymer solutions, and deposition of those polymers utilize the students knowledge of basic chemistry. Characterizing the device tests the student’s ability to accurately measure two quantities simultaneously and to interpret those results from their understanding of basic physics. The application of the aluminum electrodes is a more advanced technique which students are introduced to in an upper level physics course. 

A goal of the exercise is to have students focus on the planning and execution of the project from the beginning. The desire is to have them plan the experiment with the final outcome being a working device that demonstrates the principles of a conformal temperature sensor. This type of thinking is more in line with a “real world” problem where a need is recognized and it is up to the student (then a working scientist) to execute a well thought-out plan to fulfill that need. It is this type of laboratory exercise that gives students a feeling for the work they may be doing in future laboratory settings.
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Figure 3. Resistance measurements as a function of temperature for the MEH-PPV polymer temperature sensor over five cycles of cooling and then heating.
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