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Motivation

 Many applications for high-TC superconductivity (MRI, Maglev train etc.)

 How do we go about finding new high-TC superconductors (SC)?

 High-TC  superconductivity can arise from materials with Quantum Critical Points.

 These are continuous phase transitions that happen at absolute zero.



RAgSb2

 Parent compounds LaAgSb2 and GdAgSb2 have known phase transitions,
while YAgSb2 has no low temperature phase transition1.

 Doping from Gd-La (LaxGd1-xAgSb2) could have a quantum critical point, 
and a possible SC phase.
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Crystal Growth

 Put elemental components in a crucible and vacuum seal in a glass tube

 Heat up very hot (~1000C) to let elements mix and cool over about a 
week’s time

 Take out of furnace, quickly flip and centrifuge to remove flux

2.4 mm



Device Processing

 Cut into thin rectangular shape

 Sputter gold contacts on

 Attach wires to gold contacts with sliver paste

2 mm

1.75 mm



Measuring Phase 
Transitions

• Phase transitions appear as a kink in the 
resistance vs temperature 
(discontinuous derivative)

• Further data is needed to determine 
type of phase transition

• X-ray diffraction can directly image 
CDWs

• Magnetic susceptibility measurements 
can determine AFM states
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Results So Far
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Further Work

 Zoom in doping where AFM state disappears in La doped GdAgSb2

 Measure Y doped LaAgSb2

 Further Doping: Ag→Ni or Pd, Sb→Bi.

 Changing Ag to Ni and Pd is known to create SC phase

 Changing Sb for Bi will affect the lattice spacing and could change CDW spacing



Part 2: 
Magnetothermoelectrics



(Magneto)Thermoelectric Effects (MTE)

 Charged particles are also particles!

 Affected by chemical potential as well as ∇V (μdN from thermo)

 Voltages and currents can be created by temperature gradient

 Called Seebeck effect:

𝐽𝐽 = 𝜎𝜎 𝜕𝜕𝑥𝑥𝑉𝑉 − 𝑆𝑆𝜕𝜕𝑥𝑥𝑇𝑇 → 𝑆𝑆 = −
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MTE Effects Continued

 Like in traditional E&M, magnetic fields can create transverse voltages

 The thermoelectric analogs are termed “Nernst effects”

 Anomalous Nernst Effect is transverse voltage measured when running a 
thermocurrent through a magnetized sample
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Motivation

 MTE provides a probe to the energy derivative of the band structure of a 
material at the Fermi Energy

 A recent paper has measured large Anomalous Hall Effect (AHE) and Hall 
angle in Fe3GeTe2

2

 Author shows that large AHE is due to large Berry Curvature

 The interesting band structure of this material deserves further attention, 
and could also lead to large MTE effects.



Measurement
• Thermoelectric voltages are small, need 

lock-in amplifier to measure.

• Run current ∝ sin(ωt) through heater 
by device.

• Thermoelectric voltages ∝ heat ∝ I2R

• 𝑠𝑠𝑠𝑠𝑠𝑠2 𝜔𝜔𝜔𝜔 = 1
2

(1 − cos 2𝜔𝜔𝜔𝜔 ) →
2𝜔𝜔 𝑑𝑑𝑑𝑑𝜔𝜔𝑑𝑑𝑑𝑑𝜔𝜔𝑠𝑠𝑑𝑑𝑠𝑠 Device Under Test



Thermal Modeling
• Need multiple thermometers to measure 

temperature profile.
• Need to model temperature profile to 

obtain the temperature gradient
• Solve modified heat equations with some 

assumptions (1D Helmholtz equation)3

𝑑𝑑𝑇𝑇
𝑑𝑑𝜔𝜔

= 𝐷𝐷𝜕𝜕𝑥𝑥2𝑇𝑇 − 𝑟𝑟𝑇𝑇 (3)

• Harmonic solution is

�𝑇𝑇2𝜔𝜔 𝑥𝑥, 𝜔𝜔 = 𝐴𝐴
exp(− 𝑟𝑟+𝑖𝑖(2𝜔𝜔)

𝐷𝐷 𝑥𝑥 )

2 𝑟𝑟+𝑖𝑖(2𝜔𝜔)
𝐷𝐷

𝑑𝑑𝑖𝑖(2𝜔𝜔)𝑡𝑡 (4)

Device Under Test



Summary of Method

 Drive heater at ω, measure thermal response at 2ω.

 Measure thermistors at different separations to get T(x)

 Fit model of T(x) to thermistor data

 Use model to obtain ΔT and ∇T.

 Use ΔT and ∇T to derive MTE coefficients from voltages



Device Processing
• Thermistor strip is patterned with E-

beam lithography
• Deposit evaporated Platinum onto 

pattern
• Glue crystal matchstick on Si/SiO2

with stycast epoxy
• Glue on strain gauge for heater

250 μm
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Thermometer Calibration
• Resistance as a function of temperature is 

measured with zero heater power.

• Can fit to R vs T and obtain dR/dT

• With heater on, local change in 
temperature due to resistive heating is 
approximately
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