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Synthesis of p-Type Strontium Titanate 

     The goal of my Undergraduate Research 
Scholarship project was to synthesize p-type 
strontium titanate (SrTiO3) for Professor Chris 
Leighton’s research group. Professor 
Leighton’s group is investigating spin transport 
in oxide thin film heterostructures based on 
thin films of SrTiO3 sandwiched between two 
layers of ferromagnetic, p-type, metallic 
oxides. 

     Room-temperature SrTiO3 is an electrical 
insulator that crystallizes in a cubic perovskite   

INTRODUCTION 

     Powder synthesis took place by solid state 
reaction between strontium carbonate 
(SrCO3), titanium oxide (TiO2), and the oxide 
of the desired dopant. A variety of dopants, 
dopant concentrations, reaction times, and 
reaction temperatures were attempted. 
Dopants used were aluminum (Al), gallium 
(Ga), indium (In), scandium (Sc), and 
chromium (Cr), due to the fact that each has a 
valency of 3. Dopant concentrations ranged 
from 0.5% to 10% by mole. 0.5% Cr and 5% Cr 
were found to be the most successful. A 
reaction temperature of 1250°C-1300°C was 
found to be optimal, with a reaction time of 
72 hr. Two-inch targets were pressed and 
sintered following the reaction. A 1300°C 
sintering temperature for 6 hr was found to 
provide the best final product, though this 
process is still being optimized.  

     X-ray diffraction using Cu K-α radiation was 
used to characterize the powders, both post-
reaction and post-sintering. 

EXPERIMENTAL PROCEDURE 

     Secondary phases were found to exist in 
most of the powders (see Fig. 3). However, 
sintering led to a notable decrease in these 
impurities.  

RESULTS FUTURE PLANS 
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contain an excess of electron “holes,” or 
positive charge carriers, while n-doped 
semiconductors contain an excess of 
electrons, or negative charge carriers. 
     Because the titanium cations in SrTiO3 
have a valency of 4, doping strontium 
titanate with a metal with a valency of 5 
results in n-type doping (excess of electrons), 
while doping it with a metal with a valency of 
3 leads to p-type doping (excess of electron 
“holes”). n-type SrTiO3 (doped by niobium) is 
commercially available. However, since we 
desired p-type SrTiO3 for spin transport 
studies, it had to be synthesized in our lab.  
     In order to determine the purity of the 
synthesized compounds, we had to 
characterize the powders by X-ray diffraction. 
In X-ray diffraction, X-rays with a wavelength 
λ are generated and hit the powder sample at 
      
 

Figure 1: The crystal 
structure of SrTiO3. 

Ti4+ is shown in blue, 
O2- in white, and Sr2+ 

in yellow.1 

structure (see Fig. 1). 
Although intrinsic 
SrTiO3 is an insulator at 
room temperature, by 
“doping” SrTiO3 (or 
intentionally adding 
impurities), we are 
able to transform it 
into a semiconductor. 
     There are two types 
of doping: p-doped 
semiconductors 
 

a controlled angle θ (see Fig. 2). The intensity of   

     Many of the dopants attempted led to an 
insulating final product, indicating doping was 
not successful. However, doping at 0.5% Cr and 
5% Cr both produced a conductive product.  
     Four-terminal resistance measurements 
were taken on the sintered Cr-doped SrTiO3 
targets, and the resistivity was found to be as 
low as 43 MΩ∙cm. This value was not as low as 
hoped or anticipated, but was low enough to 
confirm that doping had been successful.  
     Furthermore, the color of the Cr-doped 
powders changed from a light green to a dark 
brown upon reaction, and to black upon 
sintering. This is further evidence of doping, as 
there is often a correlation between a 
substance’s color and its electrical properties. 
For example, white powders such as chalk are 
typically insulators, while conductors (such as 
metals) are typically colored. 
     However, the targets produced were too 
mechanically unstable to be used for 
sputtering. This is the next issue that must be 
tackled. 

Figure 3: Top: the diffractogram of 5% Sc-
doped SrTiO3 powder, before sintering. 

Bottom: the expected peaks for SrTiO3. Note 
the discrepancies, which indicate secondary 

phases.  

     The goal of successfully synthesizing p-
doped, conducting SrTiO3 has been achieved. 
However, there are still issues that must be 
overcome before the doped SrTiO3 can be 
grown as a thin film and used in the spin 
transport studies as desired. Most importantly, 
the sintering conditions must be optimized to 
increase the mechanical stability of the targets 
and allow the sputtering of thin films. However, 
this is beyond the scope of my project and is 
currently being investigated by other 
researchers in the group. 

Figure 2: Simplified 
representation of X-ray 

diffraction.2 

the diffracted X-
rays is then 
measured as a 
function of θ. The 
resulting plot is 
called a 
diffractogram and 
typically plots 
intensity vs. 2θ 
(see Fig. 3). 
Bragg’s Law (nλ = 

2d sin θ) can then be used to determine some 
very useful information about the sample, such 
as the lattice parameter (d) and the theoretical 
density. In our case, it allowed us to determine 
whether our sample was pure SrTiO3 or 
contained secondary phases. 
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