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Representative configurations
of bulk Si with Ge interstitials 

(a) Hexagonal (b) Tetrahedral

(d) Split (e) Bond-center

(c) Diamond

Hexagonal Tetrahedral

Diamond

Split
Bond

Centered

Energetically stable interstitial 
sites in the diamond lattice

Representative configuration
of ideal Si/Ge superlattice

Average lattice constants of 
confined Si in symetrically 
strained Si/Ge superlattices 

(a)

(b)

PBE - 0.59 eV; HSE - 1.15 eV

Bulk Si band gap:

n m
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  1.56% of Ge interstitial defects placed in hexagonal sites of 
  bulk Si provide the best improvement of ZT by a factor of 17

  Interstitials offer a viable strategy to design n-type 
  semiconductors without explicit dopants

  Seebeck coefficient becomes tunable with composition and 
  period of SL 

  Strain introduced by engineered defects has potential to 
  to improve the Seebeck coefficient of multilayered systems 
    

Si16Ge4

S    at higher ne

S    at lower ne

3.0%

2.0%

4.2%

2.3%

Si16Ge4

(1.0%)

Si4Ge4

(2.4%)

   Non-monotonic DOS          oscillations in S

More available states below Fermi level for

specific Fermi window                        lead to a

positive Seebeck  

Band structure:

Additional deep and/or 
shallow energy levels

Same guest atoms 
placed in different positions
lead to new band structures

LDOS:

Guest atoms create
additional energy levels 

Band structure:

Additional deep and/or 
shallow energy levels

Fermi level is shifted to 
conduction zone 
          hightly n-doped samples

LDOS: 

Tetrahedral Li do not contribute
to formation of new levels but 
increase carrier concentration
         band structure is almost 
unchanged

Thermal
conductivity 

- SL interfaces [1]

- Interstitial defects [2]  

Power
factor 

 
Stratagies to optimize electronic transport in: 

  Multilayered systems under strain 
  Bulk systems with defects  
  Defected multilayered systems

Thermoelectric materials: 
Promising candidates for 
energy harvesting

- Quiet operation
- No moving parts
- Small size and weight
- Environmentally friendly

Boltzmann Transport Equations

electrical conductivity 

Seebeck coefficient 

electronic thermal conductivity

DFT (QuantumEspresso)

- structure relaxation 

- band-energies on a fine grid

           (PBE functional)

Defected multilayered systems
interstitials
substitutions
vacancies 

lattice mismatch
strain due to defects
substrate strain

Symmetrically strained SL

Bulk systems with defects

Structure-thermoelectric property map of bulk with interstitial defects

1.56% of Td Li
NO explicit dopants

ZT
by a factor of 12

1.56% of Hex Ge

ZT
by a factor of 17

All transport coefficients 
are altered due to defects

Hex Si and Ge interstitials  
        highest power factor

Direct gap SL for L>16 ML

Gap    with period

Direct gap SL

for L>16 ML

Gap is almost 

unchanged with period

In-plane Seebeck 

by a factor of 5.4

at 1.3x1020 cm-3 for L=24 ML

In-plane Seebeck 

by a factor of 2.3

at 3x1019 cm-3 for L=24 ML

relevant to current devices

Defected multilayered systems

Ge interstitials at the 
interface improve the 
Seebeck coefficient 

Optimization of the Seebeck 
coefficient with strain

In-plane tension improves 
the Seebeck coefficient
in defected Si16Ge4 SL
by a factor of 2.4 at 2x1020 cm-3 

1.56%
defect

1.56%
defect

- additional energy levels
- strain

Ideal SL

Interstitial defects introduce:

Systems

EF


