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Abstract 
 

This paper details an attempt to fabricate a metal-insulator-semiconductor field-effect 
transistor (MISFET), using a strontium titanate (SrTiO3) substrate. The MISFET for our project 
was designed to induce a change in the superconducting temperature of the transistor, made 
possible since doped super-cooled SrTiO3 acquires the property of superconductivity. This effect 
creates a potentially valuable component in microelectronic fabrication of superconducting 
devices.  

We first fabricated a MISFET prototype using a silicon substrate. We were unable to 
characterize the electrical capabilities of our first prototype because of problems with sonication. 
Since sonication dislodged gold from the substrate, we altered our procedure so that we only 
sonicated before sputtering and then stored the substrate between depositions to keep it clean. 
The second difficulty we encountered was a faulty QCM crystal, which we were able to replace. 
  On our SrTiO3 substrate MISFET prototype, we made changes to our procedure. We 
changed the way we loaded the masks and we substituted aluminum for the point contacts in the 
second prototype (in the first prototype we used gold), because there was lower resistivity 
between aluminum and SrTiO3 than there was between gold and SrTiO3. Due to the fragility of 
the SrTiO3 substrate, we had to elevate the mask above it, which caused problems when 
evaporating aluminum onto the substrate. We increased the radius of the coil to match the radius 
of the aluminum wire, but since the tungsten could not be coiled tightly enough the aluminum 
melted out of the coil.

 

 
Introduction 

 This paper details an attempt to fabricate a metal-insulator-semiconductor field-effect 
transistor (MISFET), using a strontium titananate (SrTiO3) substrate. (For terms, see Glossary in 
Appendix.) In its doped form, SrTiO3 exhibits the properties of a superconductor and is a 
potentially valuable substrate material. As a substrate, SrTiO allows for easy growth of 
manganites and cuprates, which are used in microelectronic switching applications such as 
transistors and  
microchips (1). Today, transistors are the dominant solid-state devices in the world (2). They are 
substantially smaller than the first transistors and millions exist in such devices as cell phones 
and computers (3). 

The key components of a MISFET are the substrate, a source, a drain,  a gate, and an 
insulator. The substrate is the main part of the transistor, and the traditional material used as a 
substrate is silcon because of its low cost and availability. The source and drain are in direct 
contact with the top of the silicon and the gate is above a layer of oxide. When a positive voltage 
is applied to the gate, electrons are attracted to the substrate surface. This process opens a 
conducting channel from the source to the drain to complete the circuit. A transistor is used as a 
switch by opening and closing this circuit. The potential advantages to using SrTiO3

 as a 



 
 

substrate are its superconducting properties and its easy integration with manganites and cuprates 
(4).  

In recent years, significant research has been done in the field of oxide-electronics and in 
particular on SrTiO3. Work pertinent to our research was done by Ueno et al. that detailed a 
successful fabrication of an integrated circuit using SrTiO3 as the substrate, aluminum for the 
contacts, and Al2O3 for the insulator in his MISFET (5). We intended to reproduce Ueno’s results 
in the first part of our project. In the second part of our project, we intended to expand upon 
Ueno’s work by using doped SrTiO to modulate the transition temperature of the 
superconductivity. 

The MISFET for our project was designed to induce a change in the superconducting 
temperature of the transistor, made possible since doped super-cooled SrTiO3 acquires the 
property of superconductivity. Theoretically, varying the gate voltage of a MISFET would raise 
or lower the superconducting temperature. This effect creates a potentially invaluable component 
in microelectronic fabrication of superconducting devices (1). 

SrTiO3 has a perovskite structure that allows for the easy growth of manganites and 
cuprates. Manganites and cuprates are valuable in oxide-electronics as switching devices due to 
their unique electronic characteristics. Manganites with perovskite structure exhibit colossal 
magnetoresisitance, a property enabling some materials to dramatically change their electrical 
resistance in the presence of a magnetic field. This resistance can be changed by several orders 
of magnitude (1). This property of manganites can also be exploited in metal-insulator-
semiconductor switching devices like MISFETs (2). Cuprates are cheap high-temperature 
superconductors and are of great interest in the field of oxide-electronics. Both manganites and 
cuprates bond well with SrTiO3 (2). With all the undiscovered potential of these versatile 
materials, it is important to research the capabilities of SrTiO3. 

 
Fabricating and Testing of MISFET Prototypes and Results 
 
Al2O3 Sputtering Procedure for all Prototypes 
 
 To clean the substrates, we filled two small beakers with acetone and placed a 6.35 mm x 
6.35 mm x 0.5 mm silicon substrate and a matching insulator mask in one beaker and the sample 
holder in the other. We sonicated for ten minutes in acetone and repeated the same process with 
isopropanol. 

To load the silicon sample and mask into the sputtering apparatus, we removed the metal 
shaft from the chamber and covered the orifice with aluminum foil to prevent contamination. We 
loaded the substrate and mask into the sample holder, securing them with clips and then wiped 
the shaft with isopropanol. We inserted the shaft into the orifice of the sputtering chamber to a 
depth of 10.16 cm and sealed it with Teflon tape. We opened the water-cooling valves to the 
turbomolecular pump and connected a Baratron gauge, which measured pressure. We turned on 
the mechanical pump, and once the Baratron read below 1.000 volt, we turned on the turbo 
pump. Once the turbo pump was at full power, we turned on the ion gauge and pumped the 
chamber down to better than 5.0 x 10-6 Torr.  

For pre-sputtering, we connected water-cooling to the sample holder and the sputtering 
gun. We raised the pressure to 5 mTorr, using continuously flowing argon gas and, using oxygen 



 
 

gas, raised the pressure another 0.5 mTorr. We raised the plasma power supply to 40 watts then 
increased it by 10 watts every two minutes to minimize the amount of power that was reflected 
back from the chamber. Pre-sputtering was done for 30 minutes.  

For sputtering, we turned off the oxygen flow and waited five minutes. Then, we opened 
the shutter and sputtered at a rate of 20 Å/minute to a thickness of 1000 Å. When sputtering was 
complete, we closed the shutter, turned off the power, and shut off the argon flow. After venting 
the chamber with nitrogen, we removed the metal shaft and unloaded the substrate and mask. 

 
Fabrication Procedure for Silicon MISFET Prototype 
 
 Our first MISFET prototype used silicon to become familiar with the fabrication process 
before using SrTiO3, since prototypes using silicon are known to work. To fabricate a silicon 
MISFET it was necessary to carry out four depositions: thick insulator, source and drain, gate 
dielectric, and gate. We used the appropriate nickel mask for each deposition. (Nickel masks can 
be obtained through various manufacturers or by cutting them using a machine located at most 
research institutions.) We first sputtered a 1000-Å thick insulator layer of Al2O3 everywhere but 
on the masked region (active region) of the substrate. On either side of the masked region, we 
evaporated 600-Å thick gold source and drain contacts, each with a channel extending into the 
active region. Over this channel, we sputtered a 500-Å thick Al2O3 gate dielectric. Finally, we 
evaporated a 500-Å thick gold gate contact, completing the MISFET. 
 
Gold Evaporation Procedure for Silicon MISFET Prototype 
 
 We evaporated with gold instead of the aluminum suggested by Ueno since gold creates a 
better contact with silicon (2). The first step in depositing gold involved removing the sample 
holder from the evaporation chamber and covering its orifice with aluminum foil to prevent 
contamination. We set the shutter to cover the sample but not the quartz-crystal monitor (QCM). 
We loaded the sputtered substrate and a source/drain mask and secured them with clips. Then, 
we returned the sample holder to the chamber, sealing it with a rubber gasket and bolting it 
down. We removed the tungsten boat from the evaporation chamber and checked to see if it was 
ready to evaporate. In the event the tungsten was broken, we loaded a new coil. Around the 
tungsten, we wrapped gold wire and inserted the tungsten boat into the evaporation chamber. 
Before pumping down the chamber, we ensured the QCM reading was not fluctuating. (A stable 
QCM frequency reading was slightly below 6 MHz.) In the event that the QCM was fluctuating, 
we replaced the crystal in the QCM with a new one. We turned on the mechanical pump and, 
when the Baratron pressure gauge read below 1.00 volt, we turned on the turbo-molecular pump. 
We then turned on the ion gauge and water-cooling systems and pumped down the evaporation 
chamber to better than 5.0 x 10-6 Torr.  
 To evaporate the gold, we connected AC power to the tungsten boat and attached a 
voltmeter. We set the QCM program for gold evaporation and started the QCM program on the 
computer. We turned on the AC power and increased the voltage to 4 volts. We then monitored 
the QCM program and adjusted the voltage to keep the rate between 1-3 Å/second until we had 
evaporated 600 Å of gold. Then we closed the shutter, vented the chamber with oxygen, and 
removed the substrate. 



 
 

 
Problems with the Silicon MISFET Prototype 
 
 We were unable to characterize the electrical capabilities of our first prototype because of 
sonication. We felt cleanliness was key throughout the fabrication process, since dust particles 
could seriously alter the capabilities of the transistor. Also, we thought that since transitions from 
one apparatus to another could cause possible contamination, we sonicated after our first round 
of Al2O3 deposition. We found that sonication dislodged some of the evaporated gold after we 
had evaporated the source and drain. For this reason, we sonicated only before sputtering for all 
other fabrications. To solve possible contamination problems, we stored the substrate in a clean 
container between protocols. 
 
Fabrication Procedure for SrTiO3 Prototype 
 
 We fabricated a second prototype MISFET using SrTiO3 in place of silicon as a substrate. 
We followed the silicon MISFET fabrication procedure with the following modifications. We 
changed the way we loaded the masks. For the first prototype, we had placed masks directly on 
top of the substrate. Due to the fragility of SrTiO3, there was a danger of the mask scratching the 
substrate so we elevated the mask 0.5 mm above the substrate. (Elevating the mask any higher 
would have caused shadowing.) While we used gold for the point contacts (source, drain, and 
gate) in the initial silicon prototype, we substituted aluminum as suggested by Ueno (5). in the 
second prototype, because there was lower resistivity between aluminum and SrTiO3 than there 
was between gold and SrTiO3.  
 
Problems with Aluminum Evaporation 
 

Evaporating aluminum presented our next problem. Because the coil on the tungsten boat 
broke during the first evaporation, we increased the radius of the coil on the tungsten boat to 
make it proportional with the larger radius of the aluminum wire. After replacing the tungsten 
boat, we pumped down the chamber again and attempted to evaporate the aluminum onto the 
substrate, but we were not able to achieve a significant deposition rate. After venting the 
chamber, we realized that the aluminum had melted and fallen out of the tungsten boat. We 
replaced the tungsten boat yet again, this time by wrapping the coil tightly around the aluminum. 
Once again, the aluminum melted and fell out of the tungsten boat. We tried evaporating the 
aluminum three more times using this method of tungsten coiling and varying the voltage. 
However, we were not successful in evaporating the aluminum. 

 
Conclusions 
 
 Our engineering goal was to fabricate a MISFET using a SrTiO3 substrate. The first 
problem we ran into was when we tried sonicating after each process. Since sonication dislodged 
gold from the substrate, we altered our procedure so that we only sonicated before sputtering, 
and then stored the substrate between depositions to keep it clean. The second difficulty we 
encountered was a faulty QCM crystal, which we were able to replace. The third problem 



 
 

occurred because we elevated the mask above the substrate due to the fragility of the SrTiO3. 
This caused problems when evaporating aluminum onto the substrate. Finally, we increased the 
radius of the coil to match the radius of the aluminum wire we had substituted for the gold, but 
since the tungsten could not be coiled tightly enough, the aluminum melted out of the coil. 
 To successfully evaporate the aluminum, we needed a more tightly coiled tungsten wire 
that would not break, but would also hold the aluminum in place as it evaporated. Because of 
time constraints, we were unable to complete this fabrication. In future studies, by using a larger-
diameter and more tightly coiled wire, a viable SrTiO3 MISFET could possibly be fabricated.  
 Though we were unsuccessful, our efforts did not prove fruitless. Beyond mastering 
sputtering and evaporation procedures to the point where we could address problems as they 
arose, we made a significant discovery regarding the fabrication of a SrTiO3 MISFET. We 
discovered that the evaporation protocol needed modification. We learned that in order to 
successfully deposit the aluminum, we would require a thicker wire tungsten boat to hold the 
aluminum in place. 
 Future research might reveal the possibility of using a MISFET such as the one we were 
designing to vary the superconductivity temperature of SrTiO3 through a piezo electric effect. 
Such research would open the door for the use of SrTiO3 MISFETs in manganite and cuprate 
microelectronic applications. 
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Appendix: Glossary 
 
Drain: One of the poin contacts to the MISFET. 
 
Gate: The contact to which voltage is applied, inducing an inverse piezo electric effect in the 
 substrate of the MISFET. 
 



 
 

Gate Dielectric: The insulator layer of the MISFET. 
 
MISFET: Metal-Insulator-Semiconductor Field-Effect transistor. 
 
Sonication: The use of sound-wave energy to clean a substrate, mask, etc. 
 
Source: Onc of the point contacts to the MISFET. 
 
SrTiO3: Strontium titanate. The substrate used in our MISFET. 
 
Substrate: The bulk of the MISFET, on top of which the source, drain, gate, and gate dielectric 
  are deposited. 
 
QCM: Quartz Crystal Monitor. Determines thickness of depositions through the vibration   
 frequency of a crystal. 


