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n/p-doped semiconductors → thermoelectrics
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• Bi2Te3: narrow band-gap semi-
conductor, topological insulator

• SiGe: combines silicon’s ther-
mal stability with high electron
mobility of germanium, tunable
band-gap

Charge-carrier diffusion induces electrical current

J = σ(−∇V +Eemf), Eemf = −S∇T

Application: power generation from waste heat
• SiGe thermoelectrics used in Voyager I, II spacecrafts

Thermoelectric design goals:

High electrical conductivity σ
Low thermal conductivity κ
High Seebeck coefficient S = ∆V

∆T
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figure of merit zT =
S2αT

κ

Solution: core/shell nanomaterial compacts

Laser Flash Analysis (LFA) Characterization
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Thermal conductivity κ(T ) = α(T ) ⋅Cp(T ) ⋅ ρ(T )
Thermal diffusivity α(T ) = 0.13879L2

t1/2
, ρ(T )=density,

Cp(T )=specific heat, t1/2=half rise time, L=sample thickness

Challenge: high signal/noise ratio → liquid nitrogen (LN2)

Automated LN2 dispenser for LFA

• Developed Arduino-
controlled embedded system
to automate LN2 delivery.

• Used Python to create a
graphical user interface and
data logger to interface be-
tween the LN2 dispenser and
lab computer.

• Obtained thermal diffusivity
and conductivity data for ther-
moelectric and semiconductor
samples.

LFA Characterization Results
SiGe Sample 1: α = 0.013 cm2/s ∣ Previous material: α = 0.15 cm2/s

SiGe Sample 2: α = 0.007 cm2/s ∣ Previous material: α = 0.15 cm2
/s

Ongoing work:

1. Analyze effect of high doping on Seebeck coeffi-
cients of wide band-gap semiconductors (e.g. GaO).

2. Measure infrared (IR) transparent samples in LFA,
which is difficult due to the laser’s IR wavelength.
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