
Chemical-physical properties of  “high ZT“ material

A. Approaching anharmonic structure/near phase transition (𝜅 ↓)

B. Nanostructuring/inclusions (𝜅 ↓)

C. Multi-element composition/high number of atoms in the unit 

cell/alloying (𝜅 ↓, … )

D. High DOS + high 
d (ln 𝐷𝑂𝑆)

d𝐸
(

𝑆

𝜌
↑, 𝑆𝑑𝑖𝑓 ↑)

E. High mobility carriers (
𝑆

𝜌
↑)

F. Low dimensional/symmetry structures   (𝑚𝐷𝑂𝑆 ↑→ 𝑆 ↑) 

(𝑚𝑒𝑓𝑓 𝑖𝑛 𝑝𝑎𝑟𝑡𝑖𝑐𝑢𝑙𝑎𝑟 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 ↓ → 𝜌 ↓)

Further criteria on thermoelectric materials
- Thermo-mechanical properties

• 𝜅 … 𝑡ℎ𝑒𝑟𝑚𝑎𝑙 𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦
• 𝜌 … 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑎𝑙 𝑟𝑒𝑠𝑖𝑠𝑡𝑖𝑣𝑖𝑡𝑦
• S…Seebeck coefficient
• ∗ ⋯ 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 to a problem
• ↑ ⋯ ℎ𝑖𝑔ℎ 𝑜𝑟 𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑖𝑛𝑔
• ↓ ⋯ 𝑙𝑜𝑤 𝑜𝑟 𝑑𝑒𝑐𝑟𝑒𝑎𝑠𝑖𝑛𝑔
• → ⋯ 𝑖𝑚𝑝𝑙𝑖𝑒𝑠 𝑜𝑟 𝑐𝑎𝑢𝑠𝑒

1. Thermal expansion
2. Ultimate strength
3. Atmospheric oxidation/evaporation (∗ encapsulation)
4. Technical problems – engineering….

LEGEND TO BOXES:

ROUNDTABLE TOPIC
21. 09. 2023, 13:30

Although a thermoelectric device consists of many structural units (heat exchangers, TE
couples, electrical contacts/conductors...), the heart of a TE device is the TE couple/battery
using thermoelectric materials. From your responses, it seems that the most painful issue
and one of the long-term problems is the long journey from basic TE materials to their use
in TE devices. Leaving aside the technical aspects, we will try to discuss the journey of TE
materials from their discovery to the design of a TE generator/cooler.

Application tree
„what we need for applications“

Both n- and p-type 
available

+)
0) A, B, F, 
-) C (native defects – either n or p, but not both)

D, E (unlikely to occur for both e and h)

∗ Better to have 2 or 3 sister compounds (e.g. from n-Bi2Se3 to p-
Sb2Te3 → multielement composition)

Heavily doped 
semiconductors

+) C, D (DOS + high 
d (ln 𝐷𝑂𝑆)

d𝐸
tend to increase with the 

energy distance from band edge
0) A, B, E, F
-)

Thermal stability
+)
0) D, E
-) A - materials at the stability limit – decomposition, 

reactivity)
B - nanostructuring increases reactivity)
C - many elements increase number of possible phases –

reactions along T-gradient)
F - low-dimensional systems tend to be rich in one  

component, which increases reactivity 

Stable contacts – low 𝜌, 𝜅
+)
0) ) D, E
-) A - thermodynamically unstable - reactive

B - nanoinclusions may increase reactivity
C - many elements increase number of possible reactions  
F – superstoichiometry of one element increases reactivity 

𝜎𝑆

n p

n p

+) positive
0) neutral
-) negative

Impact of A-F characteristics on device design

e.g. SnSe2+contact M →SnSe + MSe 

* Possible solutions: 1. Low to medium –T applications, in general
2. Half-Heusler
3. Si-Ge
….?

+        = TEG

n p

There are new TE materials that clearly outperform older materials in their thermal and electrical properties. Paradoxically, they
are not used. This 'paradox' involves many aspects. We hope that some insights and answers on this topic will be provided by a
roundtable planned for the upcoming ECT 2023 conference in Prague. The diagram below, which contrasts the properties of a
good TE material (left side) with the material requirements in terms of TE applications (right side), can serve as a guide. Both
sides are certainly incomplete and can be extended with additional parameters. Please take it as a starting point for discussion.
Although the diagram is somewhat unclear, I'm afraid it shows that good material properties for ZT materials are largely at odds
with good material properties for device design/applications. Fortunately, however, solutions can certainly be found. That's what
we like to do, isn't it? Moreover, I hope I have made many erroneous conclusions that will stimulate discussion.


