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Introduction
• Increasing demand for faster computers have forced approaching the limits of

traditional MOSFET devices.
• One potential replacement technology requires magnetic semi-conductors.
• Two systems with non-centrosymmetric structures were studied here,

ଶܱ଻݁ܩݑܥଶܽܤ and .݁ܩ௫݋ܥଵି௫ݑܴ
• Pure barium copper germanate is an insulator and already has magnetic

phases.
• Neither ,݁ܩݑܴ an insulator, nor ,݁ܩ݋ܥ a metal, display magnetic ordering, but

݁ܩ௫݋ܥଵି௫ݑܴ was discovered to be ferromagnetic. Thus, characterizing the
nature of the magnetic structuring as a function of doping levels is of interest.

Figure 1(a): 
ଶܱ଻݁ܩݑܥଶܽܤ
Crystal structure, 
Space Group 113, 
P4ത21m
Figure1(b): ܴ݁ܩݑ
Crystal structure, 
Space Group 198, 
P213
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ଶܱ଻݁ܩݑܥ௫ܽܮଶି௫ܽܤ
• This systems synthesis was not well reported.
• After system was grown successfully, we attempted to dope it to 

measure the electron transport properties.
• It was determined that attempted doping at the copper site would 

not be ideal, so we began with at the barium site.
• Lanthanum shown to be ineffective, as it produced undesirable 

phases. (Figure 2(a))
• Nondoped samples showed good agreement with literature.[1](Figure 

2(b))
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݁ܩ௫݋ܥଵି௫ݑܴ

• Both ܴ݁ܩݑ and ݁ܩ݋ܥ lack any magnetic ordering.
• The system that combines the two was discovered to have ferro-

magnetic ordering at temperatures T < 20K
• Systematic study of the system for various levels of doping began with 

analysis of the purity of the polycrystalline samples produced, and the 
determination of the shift in lattice constant.

• XRD patterns were used to analyze purity (Figure 3(a)).
• Shift in lattice parameter appears linear (Figure 3(b)).
• Data on CoGe taken from reference [2]

0 5 10 15 20 25 30 35 40 45 50
0.46

0.465

0.47

0.475

0.48

0.485

0.49

Bulk percentage Co y (no units)

La
tti

ce
 c

on
st

an
t a

 (n
m

)

 

 
Data
Linear Fit

30 32 34 36 38 40 42 44 46 48 50
2 (deg)

R
el

at
iv

e 
In

te
ns

ity

 

 

RuGe
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Ru2Ge3

2݀௛௞௟ sin ߠ ൌ ߣ݊

݀௛௞௟ ൌ ܽ/ ݄ଶ ൅ ݇ଶ ൅ ݈ଶ
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• We measured the magnetic 
properties in a SQUID 
Magnetometer.

• This gave a preliminary look 
at how characteristics like 
the Curie Temperature, the 
Weiss Temperature, the Curie 
Constant, and the Saturated 
Moment vary as a function of 
doping.

Magnetic Characterization
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5.81% Bulk Cobalt
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5.81% Bulk Cobalt
Curie-Weiss Fit
x=9.12% Bulk Cobalt
Curie-Weiss Fit
x=11.32% Bulk Cobalt
Curie-Weiss Fit
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5.81% Bulk Cobalt
9.12% Bulk Cobalt
11.32% Bulk Cobalt
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Results
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Curie Temperature
Weiss Temperature
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Saturated Moment
Fluctuating Moment

• The Curie Temperature was take 
to be the temperature of the 
highest measurement of the 
magnetic moment.

• The Saturated magnetic moment 
was taken from Magnetization at 
5T and the equation ܯ ൌ ܬ஻ߤ݃ߟ

• The Weiss Temperature and Curie 
constant were taken from a fit of 
the data to the Curie-Weiss law. 

• The Fluctuating moment was 
taken from the definition of the 
Curie Constant, ܥ ൌ ೒ഋಳ

మ

యೖಳ
ఎ௃ሺ௃ାଵሻ

• Results indicate an itinerant 
mechanism, as well as decreases 
in the Curie and Weiss 
temperatures, with an apparent 
rapid increase at low doping 
levels.
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Questions?
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