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Thermoelectric Efficiency Improved through
Superlattice Nanostructuring

] Nanostructured materials
have shown enhanced
efficiency!?

J  MOCVD-based Superlattices
have been found as
structures which improve
ZT3 due to reduced K

] But vapor-phase methods
are time consuming and
expensive and can not be
scaled up
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Bi,Te; /Sb,Te; Superlattice grown
by MOCVD

12 nm
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Electrodeposition is Scalable, Rapid and
Controllable at Nanoscale Level

Simple: one parameter
(current or potential)

Inexpensive
isothermal process

Scalable
Atomic scale control
Versatile
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Pulse Electrodeposition Offers More Flexibility

J 3 independent variables

4
4
4

pulse on-time
pulse-off time
current or potential

1 Numerous Advantages

[ I e

Improvement in current
distribution

Alteration of the prevailing
mass transport conditions

Decrease in concentration
gradients

Reduction in the additive
requirement

Control of microstructure
and composition of the
electrodeposits
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Than Conventional Electrodeposition

Duty cycle=t_, / (t .+ t )

Parameters used

O Ag/AgCI RE, Pt CE and Au WE

J RT environment
1 No agitation
d 25-500mst
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Current Density (mA/cm2)

Reductive Features Evident in Cyclic
Voltammetries of Bi/Te and Sb/Te Baths

CV of Bi/Te Bath on Au Electrode
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EDS Atomic %

The Stoichiometry of Compounds Controlled
Through the Applied Potential

Bi Te SEM/EDS Composition vs. Deposition Potential
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XRD: As-deposited Stoichiometric Films Possess

XRD Pattern of Stoichiometric BizTe3 Film

Correct Crystal Structure

XRD Pattern of Stoichiometric szTe3 Film
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Current Density (mA/cm2)

Reductive Features in Bi/Sb/Te Bath Overlap
with those found in Bi/Te and Sb/Te Baths

Bi/Sb/Te Bath vs. Bi/Te Bath

Bi/Sb/Te Bath vs. Sb/Te Bath
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The Positions of Reductive Peaks Unchanged
with Te/Sb Content in Bi/Sb/Te Baths

Comparison of the CVs of the two

Bi/Sb/Te Bath Compositions
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Bright Field TEM: 10 Period Superlattice -
EDS Linescan Modulation

Plating Parameters

Layer Type Potential | t,,(ms) | t(s) Pulse
(mV) Number
(Bi,,Sh,),Te, -300 50 2.25 10
Bi,Te, -100 100 4.5 26

Transmission Electron Microscopy and

Electron Diffraction of the Superlattice Film

50 nm
[

Highly crystalline 10 (24 nm-thick) periods deposit
(01-15) texture parallel to the substrate

Si

(Sb,Bi),Te,
{(Sh,Bi) ,Te,

Counts

TEM/EDS Composition
Bi,Te; layers: 50 % Bi, 48 % Te
(Bi,Sb),Te; layers: 40 % Bi, 20 % Sb, 40 % Te

EDS Linescan of 4 Periods of the Layered Film
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Bright Field TEM: 10 Period Superlattice
Intensity Contrast

Plating Parameters

Layer Type Potential | t,,(ms) | t(s) Pulse TEM/EDS Composition
(mV) Number . .
: Bi,Te; layers: 50 % Bi, 48 % Te
(Biy,Sb);Te; | 300 >0 2.25 10 (Bi,Sb),Te, layers: 40 % Bi, 20 % Sb, 40 % Te
Bi,Te, -100 100 4.5 26
Transmission Electron Microscopy and Profile of BF STEM Image Intensity of the
Electron Diffraction of the Superlattice Film Superlattice Film
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Intensity (arb units)

XRD Pattern of the Superlattice Film
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Coherent Superlattice Grown Over the Entire

Square Centimeter Area
STEM/EDS Spectrum Image of the Film

Plating Parameters

Layer Type Potential | t,,(ms) | t (ms) Pulse
(mV) Number
Bi,Te, -100 500 500 5
(Bi,,Sh,),Te, -300 50 2000 26
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Highly crystalline 10 (17 nm-thick) periods sample
with (01-15) texture parallel to the substrate

Bi Sb Te

TEM/EDS Composition

Bi,Te; layers: 44 % Bi, 56 % Te
(Bi,Sb),Te; layers: 32 % Bi, 24 % Sb,
46 % Te
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Large Area, Oriented Bi,Te,-Sb,Te,

Superlattices through Elec

(01-15)

50 nm
|

Counts

250
200

150 = ARV’
100 [

50
0

trodeposition

—

[

Au —Te =Sb =—Bi

— |

50

100 150 200 250 300
X (nm)

(Sb,Bi),Te,

(Sb.Bi), Te,

Si

We are working on: improving stoichiometry, shorter periods, scale up

Sandia
National
Laboratories



