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Abstract 

 

The efficiency at which thermoelectric generators (TEG) can convert heat into electrical energy 

is governed by the properties of the employed functional materials. For a given thermoelectric 

(TE) material, efficiency needs to be maximized by adjusting e.g. the carrier concentration 𝑛. 

Usually, chemically homogeneous materials with a constant 𝑛 along the leg are employed to 

fabricate TEG. However, for most TE materials the optimum 𝑛 has a pronounced temperature 

dependence; typically increasing towards the hot side of the leg. A local variation of 𝑛, either 

continuously (grading) or discontinuously (segmenting) has thus the potential to increase the 

efficiency of TEGs substantially. Predictions on efficiency gain are challenging and an adequate 

physical model for the thermoelectric transport properties in the material as well as the device 

is required here. To address this challenge, we have combined a two-band model to describe 

the material properties with a device model based on the solution of the one-dimensional heat 

equation. Using Mg2Sn as an example, we have adjusted the 𝑛 profile to maximize the 

thermoelectric figure of merit locally. We show that this would result in an increase in 
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conversion efficiency by more than 7% for cold and hot side temperatures of 300 K and 700 K, 

respectively. Using thermoelectric self-compatibility criterion, we verify that the calculated 𝑛 

profile is indeed close to the best possible one. The presented methodology can be transferred 

to other material systems and we show that it can also be used to calculate the effect of other, 

practically more feasible 𝑛 profiles. 

 Introduction 

Thermoelectric (TE) devices convert thermal power into electrical power, or vice versa [1]. 

These are typically semiconductor materials and the material properties are temperature 

dependent. In order to estimate the performance of a TE material, a dimensionless figure of 

merit (𝑧𝑇) defined as 
𝛼2𝜎

 𝜅
𝑇, is commonly used where 𝑇 is the absolute temperature, 𝛼 the 

Seebeck coefficient, 𝜎 the electrical conductivity (reciprocal of the electrical resistivity 𝜌)  and 

𝜅 the thermal conductivity [1]. These three main TE properties are strongly coupled, implying 

a need to optimize them by e.g. tuning the carrier concentration 𝑛 [2]. While the maximum of 

𝑧𝑇 vs. 𝑛 for a given temperature i.e., max(𝑧𝑇(𝑛, 𝑇 = constant) (denoted by 𝑧𝑇max,n), [3-12] 

has often been considered as a parameter to optimize material properties in general, and 𝑛 in 

particular, it is clear [13-17] that optimum 𝑛 obtained based on maximization of 𝑧𝑇 

(𝑛opt,zT(𝑇) = max
n

 (𝑧𝑇(𝑛, 𝑇 = constant))) i.e., 𝑛 corresponding to 𝑧𝑇max,n can be misleading 

for optimizing device properties. In order to avoid confusion, a look up table of all the 

nomenclature used in this work is provided in the Supplementary Information (SI). This is 

because device performance estimation requires consideration of the thermoelectric properties 

over the whole application temperature range and not at particular fixed temperatures.  

To address this problem, we have previously employed efficiency (based on temperature 

dependent material properties) directly as a parameter for 𝑛 optimisation using a combined 

material-device model [13, 14, 18]. The methodology was shown using Mg2(Si,Sn) solid 

solutions as an example. A Single Parabolic Band (SPB) model was used to model the material 

properties and it was confirmed that 𝑛opt,zT at e.g. the hot side (ℎ) temperature is significantly 

different from the optimum 𝑛 determined by maximizing efficiency over the temperature range 

of application 𝑛opt,η(= max
n

 (𝜂(𝑛, 𝑇c, 𝑇h))) and the differences were quantified. 

Usually, the 𝑧𝑇 of a thermoelectric material approaches its maximum in the temperature curve 

𝑧𝑇(𝑇) when minority carriers start to become excited to a significant extent and influence the 
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transport properties visibly and hence SPB model becomes unreliable here. To overcome this, 

at least a two-band model is required, one band to account for majority and minority carriers, 

each. This was done for a hypothetical n-type material in a recent publication by Beeckman et 

al. [19], where 𝑧 at the average temperature of operation 𝑇m (𝑇m =
𝑇h+𝑇c

2
) was used as the 

parameter to be maximized. He concluded that 𝑧(𝑇m) can be problematic as optimization target, 

in agreement with previous studies [20-22]. Since most of the 𝑛 optimization studies use 

𝑛opt,zT(𝑇) (𝑧𝑇max,n at fixed temperatures to optimize 𝑛) [3-12], in our current work, we analyze 

the use 𝑧𝑇max,n at fixed temperatures and also the temperature averaged 𝑧𝑇 (𝑧𝑇Tav = 

1

𝑇h−𝑇c
∫ 𝑧(𝑇)𝑇𝑑𝑇

𝑇h

𝑇c
, over the temperature range of application of the device) and compare with 

the results from using efficiency, using a realistic two band model.  

In addition, the advantage of this combined material-device model is demonstrated by studying 

the effect of material grading and segmentation. Functional material grading involves tuning 

the material properties spatially along the arbitrary length (𝑥) of the TE leg, to achieve a gain 

in functionality, power or efficiency [1, 22-25]. There have been some models to predict the 

gain in thermoelectric performance of such functionally graded materials [26-31], as well as 

several advanced experimental techniques that have practically made them feasible [23, 24, 32-

35]. These models incorporate complex and sometimes unphysical models and don’t clarify if 

an optimum grading has been reached. 

While more complex grading is in principle feasible, the practically easiest is a mere 

optimization of the 𝑛(𝑥) profile as this can be achieved by tailoring the dopant concentration 

profile of the material. This leaves the material chemically quite homogeneous and also does 

not affect the lattice thermal conductivity a lot (if neglecting a minor effect due to point defect 

scattering). Here, grading is done using 𝑛opt,zT(𝑇) for each temperature (or position) along the 

length of the TE leg, and the corresponding local properties based on this 𝑛opt,zT(𝑇). In order 

to verify if such a graded material has the highest possible efficiency, the compatibility criterion 

[36-39] is checked.  

In our study, we have chosen n-type Mg2Sn as an example material since it is an end member 

of the Mg2Si-Mg2Sn solid solution series, a promising class of TE materials [40-42], and has 

received interest as a potential TE material due to its relatively high power factor for both n- 

and p-type material [42-45]. Furthermore, a two-parabolic-band model has been developed 

recently, which has been shown to predict the properties well [46-49]. Even though the method 
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is presented here for Mg2Sn, it can be applied to any material system using suitable physical 

models to predict TE properties. 

 Method 

The basic methodology of a combined material-device model was established in [14] using a 

SPB model. In the current study, a two-band model developed by H. Naithani  et al. [49], for a 

more realistic modeling of the material properties including bipolar effects at high temperatures, 

is replacing the SPB model to adequately model the thermoelectric properties 

𝛼(𝑇, 𝑛), 𝜎(𝑇, 𝑛), 𝜅(𝑇, 𝑛) of Mg2Sn; the  relevant material parameters, the procedure and the 

equations are given in the SI. Using this model, it is straightforward to study the effects of 

different spatial profiles of 𝑛 i.e., 𝑛(𝑥) profiles along the length of the TE leg.  

The basic idea of segmenting and material grading (continuous segmentation) is presented 

schematically in Figure 1. A TE leg of length 𝐿 connected to an external load resistor 𝑅L is 

shown. When a temperature difference is applied, a temperature profile (𝑇(𝑥)) develops over 

the TE leg [21, 22]. This 𝑇(𝑥) is in principle non-linear due to the temperature dependence of 

𝜅 as well as the Joule and Thomson effects [21, 22], but as discussed later and shown in SI ( 

Figure S1), the deviation from linearity is relatively small. Since 𝑛opt,zT varies with 

temperature, a gain in efficiency is possible when the a priori unknown optimum 𝑛 is set along 

the length of the TE leg according to the temperature at each position in the leg. As 𝜂 is a 

monotonous function of 𝑧𝑇, choosing 𝑛(𝑥) according to the 𝑛 that maximizes 𝑧𝑇 locally is a 

plausible strategy for grading. Since 𝑇(𝑥) is not far from linearity in a TEG, the temperature 

dependence in 𝑛opt(𝑇) can be translated directly into the required spatial dependence, i.e. 

𝑛(𝑥) = max
n

 (𝑧𝑇(𝑛, 𝑇(𝑥))) =: 𝑛opt,zT(𝑇(𝑥)) assuming a linear 𝑇(𝑥). For better accuracy, it is 

possible to find the 𝑛opt,zT according to the exact 𝑇(𝑥) of the TE leg i.e., 𝑛opt,zT(𝑇(𝑥)), by 

iterating the calculation routine [50], required for materials with highly bent temperature 

profiles [51], however it is avoided here to minimize the computation time; results of iterated 

temperature profile are shown in the SI.  
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Figure 1: a) Schematic of a TE leg connected to an external load resistor RL with an applied temperature difference 

∆𝑻 =  𝐓𝒉 − 𝐓𝒄. Taking the shown linear 𝑻(𝒙)  as a starting point, the 𝒏(𝒙) for a graded sample is chosen according to 

the 𝒏𝐨𝐩𝐭,𝐳𝐓(𝑻(𝒙))(optimum 𝒏 based on 𝒛𝑻max,n for different 𝑻 along the leg length). Here, fewer points are shown to 

demonstrate the idea of grading as a continuous segmentation. A continuously graded material has infinite such 

segments. For segmentation, 𝒏𝐨𝐩𝐭,𝜼 for each section 𝒊 (e.g., 𝑻h,s1=700K-𝑻c,s1= 𝑻h,s2=600 K and so on) is used, b) Optimum 

𝒏 according to 𝒛𝑻 (𝒏𝐨𝐩𝐭,𝐳𝐓) is found for each 𝑻 and the properties corresponding to 𝒏𝐨𝐩𝐭,𝐳𝐓(𝑻) are set at each temperature 

point, dashed vertical lines indicate the corresponding optimum 𝒏. 

For grading Mg2Sn, 𝑧𝑇 vs. 𝑛 characteristics at different temperatures are shown in Figure 1b. 

The obtained 𝑛opt,zT(𝑇(𝑥)) profile is superimposed over the TE leg spatially and the properties 

corresponding to 𝑛opt at that temperature then make up the spatially dependent properties of the 

graded material. For example, if 𝑛opt,zT is 𝑛1 at 700 K as shown in Figure 1a, then 𝛼(700 𝐾) = 

𝛼(𝑛1) at 700 K and similarly 𝛼(𝑛2) at 600 K and so on, forming the temperature dependent 

properties of the graded TE leg; 𝑛opt,zT for intermediate temperatures are obtained by 

interpolation and employed accordingly.  

Then, the efficiency and/or power output for this graded (or segmented) material is calculated 

using the iterative procedure described in [21], and compared with the homogeneous material. 

In steady-state, for a TE leg with a hot side temperature 𝑇h and a cold side temperature 𝑇c, 𝑇(𝑥) 

is obtained from eq. (1) [52, 53]  

 𝑑

𝑑𝑥
(𝜅

𝑑𝑇

𝑑𝑥
) − 𝑗𝑇

𝑑𝛼

𝑑𝑇

𝑑𝑇

𝑑𝑥
= −𝜌(𝑇)𝑗2  

(1) 

where 𝑗 is the current density. Here, 
𝑑

𝑑𝑥
(𝜅

𝑑𝑇

𝑑𝑥
) corresponds to the local change of the Fourier 

heat flux considering the locally appearing Joule heat 𝜌(𝑇)𝑗2 and Peltier-Thomson heat 𝑇
𝑑𝛼

𝑑𝑇

𝜕𝑇

𝜕𝑥
. 

The electrical power density (𝑝) and efficiency (𝜂) [21, 39] are then obtained as follows: 

 𝑝 = 𝑉𝑗  and  (2) 

 𝜂 = 𝑝/𝑞in where  (3) 

 𝑞in  = −𝜅h
𝑑𝑇

𝑑𝑥h 
+ 𝑗𝛼h 𝑇h . (4) 

a) 
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Here, voltage 𝑉 = 𝑉𝑜 − 𝑅in𝐼,    𝑉𝑜 =  ∫ 𝛼(𝑇)𝑑𝑇
𝑇h

𝑇c
, internal resistance 𝑅in =

1

𝐴
∫ 𝜌(𝑇(𝑥))𝑑𝑥

𝐿

0
, 𝐴 

is the cross-sectional area. 𝜌(𝑇) the electrical resistivity of the TE material. The inflowing heat 

flux 𝑞in at the hot side of the TEG leg is given by Eq. (4). 𝑗𝛼h 𝑇h is the Peltier heat flux absorbed 

at the hot side. The maximum efficiency (𝜂max) is obtained by setting 
𝑑𝜂

𝑑𝑗
= 0. 

 Results and Discussion 

 Optimum carrier concentration 

The pink curve in Figure 2 shows 𝑛opt,zT(𝑇) obtained based on the results shown in Figure 1b. 

As a comparison, the 𝑛opt,η for a homogeneous material [14, 21] (black curve) and 𝑧𝑇TAv (i.e. 

𝑛opt,𝑧𝑇TAv
= max

n
 (𝑧𝑇TAv(𝑛, 𝑇c, 𝑇h)), blue curve), for the considered temperatures as 𝑇h with a 

constant 𝑇c of 300 K is also shown. The pink curve thus shows the optimum 𝑛 for a certain 

temperature, while the black and the blue curve that of a temperature interval.  

It can be seen that 𝑛opt,𝜂(𝑇c, 𝑇h) is quite different from 𝑛opt,zT(𝑇h) with a maximum relative 

overestimation of about 86% for 𝑇h = 700 K; employing this 𝑛opt,zT in a homogeneous material 

would then lead to a reduction of the efficiency by 9%, compared to the efficiency resulting 

from 𝑛opt,𝜂(𝑇c, 𝑇h). For the same temperature interval (700 K to 300 K), comparing 𝑛opt,𝑧𝑇TAv
 

with that of 𝑛opt,𝜂, the relative difference is about 5%, which translates, however, only to a 

relative difference in efficiency of about 0.2%, showing that 𝑧𝑇TAv is useful as a parameter for 

optimization for this material. This has been found previously for this and other materials, but 

only in the temperature range where the SPB model can be employed [14].  

It can also be seen from Figure 1b that the 𝑛opt,zT(𝑇)  varies quite a lot with 𝑇, providing us the 

opportunity to explore the potential of performance improvement by grading. 
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Figure 2: Optimum 𝒏 according to different optimization parameters: 𝒏𝐨𝐩𝐭,𝐳𝐓(𝑻), 𝒏𝐨𝐩𝐭,𝜼(𝑻𝐡, 𝑻𝐜) and  𝒏𝐨𝐩𝐭,𝒛𝑻𝐓𝐀𝐯
(𝑻𝐡, 𝑻𝐜)  

(for  𝑻c = 300 K).  

 Material grading  

A graded material is formed from 𝑛opt,zT(𝑇(𝑥)) having the material properties corresponding 

to 𝑛opt at that particular 𝑇 as explained before and is shown in Figure 3. The background lines 

correspond to the 𝑛opt,zT(𝑇)  for 𝑇 = 300 K to 700 K (in 50 K intervals). The points of 

intersection of the red curve (graded) and the background lines correspond to the 𝑛opt,zT(𝑇) at 

the respective 𝑇. For comparison, the material properties of a homogeneous material with 𝑛 = 

1.75 ×1020 cm-3 (corresponding to 𝑛opt,𝜂 for 𝑇h = 700 K and 𝑇c = 300 K) is also shown (black 

curve with symbols). Figure 3d also shows a comparison of the spatially averaged 𝑧𝑇, 𝑧𝑇SpAv = 

1

𝐿
∫ 𝑧𝑇(𝑥)𝑑𝑥

𝐿

0
, for homogeneous and graded material. To obtain the spatial averages, the exact 

temperature profiles obtained from the shown material properties are used. As might be 

expected, the largest differences in 𝑧𝑇 are observed towards the lower and upper temperature 

limit and 𝑧𝑇SpAv is 9% larger for the graded material. Consequently, a gain in efficiency of 7.3% 

can be obtained by such a material grading over the highest efficiency possible from a non-

graded homogeneous material (Table 1).  
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Figure 3: a) Seebeck coefficient; b) electrical conductivity; c) thermal conductivity and d) 𝒛𝑻, for a graded material 

with 𝒏𝐨𝐩𝐭,𝒛𝑻 (𝑻) and the homogenous material with the optimum constant 𝒏 for the full T range based on efficiency. 

The material properties of the graded material are obtained at each 𝑻 from the 𝒏𝐨𝐩𝐭,𝐳𝐓  at that T. 

It was shown previously that a graded material with a maximized 𝑧𝑇(𝑇) does not necessarily 

give the highest possible efficiency [36] due to the limited self-compatibility of materials, i.e., 

due to incompatible heat vs. current flow. A strict optimization of 𝑛(𝑥) with respect to 

efficiency can be done mathematically as shown e.g. in [22, 26, 30, 31]. Here, we analyze the 

impact of compatibility on the material with the grading as obtained from 𝑛opt,zT(𝑇) following 

the approach from Snyder and Ursell [38].  For 𝑇c = 300 K and 𝑇h = 700 K, the reduced current 

density 𝑢 = 
𝑗

𝜅(𝑇) 
𝑑𝑇

𝑑𝑥

 is calculated as function of 𝑇. The current density 𝑗 and 𝑇(𝑥) correspond to 

the maximum efficiency obtained for the graded material. In compatibility approach, the 𝑢(𝑇) 

is compared with the compatibility factor 𝑠(𝑇) =
(−1+√1+𝑧𝑇)

𝛼𝑇
 [39]. If 𝑢 = 𝑠 holds at any 

temperature, full self-compatibility of the leg is reached, i.e. the material contributes with its 

full potential to the efficiency of the device. Differing u and s correspond to a lower 

compatibility, limiting device efficiency. As shown in Figure 4a, 𝑢 and 𝑠 are not identical over 

the whole temperature range, but they are closer for the graded material compared to the 

homogenous material. We have calculated the reduced efficiency 𝜂r, (for given hot and cold 

side temperature 𝜂 = 𝜂r  𝜂carnot) given by [1, 39], 

 
𝜂𝑟 =

𝑢(𝛼 − 𝑢𝜌𝜅)

𝑢𝛼 +
1
𝑇

 
(5) 

and the 𝜂r corresponding to 𝑢 and 𝑠 (maximum reduced efficiency) are shown in Figure 4b, 

showing almost perfect coincidence for graded material. The integral average of the relative 

difference in reduced efficiency i.e., 
1

∆𝑇
∫ (|𝜂𝑟,𝑢| − |𝜂𝑟,𝑠|)/|𝜂𝑟,𝑢| 𝑑𝑇

𝑇ℎ

𝑇𝑐
 is a qualitative indicator 

for how close the employed 𝑛opt,zT(𝑇) matches to the ideal (unknown) 𝑛(𝑥) giving maximum 

efficiency. This relative difference calculated with 𝑢 and 𝑠 is about 0.8% for the graded material 

indicating that the 𝑛opt(𝑇)  profile based on 𝑧𝑇max is very close, for this material and 

temperature conditions, to the maximum possible efficiency that can be obtained by 𝑛(𝑥) 

grading. For the homogeneous material, this difference amounts to about 2.9%, indicating that 

in addition to an increased overall 𝑧𝑇 in the graded material, the compatibility also improved. 

Given that the efficiency is a sub-linear function of 𝑧𝑇, a 9% increase in 𝑧𝑇SpAv with grading 

does not scale to a corresponding increase in actual efficiency, highlighting the need for our 

exact performance calculation routine instead of the CPM. Considering a CPM TEG module 
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9 

 

made of materials with 𝑧𝑇 corresponding to graded and homogeneous TE leg, a gain in 

efficiency of 6.44 % is predicted. Therefore, overall gain in efficiency in graded leg is mainly 

due to the increase in the effective 𝑧𝑇 of the graded leg, with a 0.8% gain in efficiency due to 

increased compatibility. Unlike previous studies on functional grading [22, 26, 30, 31] where 

compatiblity criterion has not been considered for such grading studies, our study shows that 

the chosen 𝑛opt,zT(𝑇) gives a close to maximum gain in efficiency based on self-compatibility 

for the considered material.  

  

Figure 4: a) Variation of 𝒖 and 𝒔 with 𝑻 for the graded and homogenous material. Maximum 𝜼r is obtained locally when 

𝒖 = 𝒔 b) Actual 𝜼r and maximum 𝜼r for the graded and homogenous material. It can be seen that at higher 

temperatures, actual 𝜼r is quite deviant from maximum 𝜼r for homogenous material. 

The combined material–device model employed here offers flexibility to check the effect of 

arbitrarily chosen 𝑛(𝑥)  profiles on efficiency or power output. For example, the same study 

when performed with a linear grading following the equation 𝑛 = (−1.02985 x  1026 +

5.64 x 1023K−1 x 𝑇(𝑥)) m−3 (obtained using the endpoints with respect to temperature of 

𝑛opt,zT(𝑇(𝑥))), results in a relative increase in efficiency of 5.3% compared to the homogeneous 

sample. Hence, if a material grading according to 𝑧𝑇max,n is not possible, a simple linear 𝑛(𝑇) 

grading can already give quite a gain in efficiency. Experimentally, graded Mg2Sn (or 

Mg2(Si,Sn) might be obtained by annealing under a temperature gradient as Mg evaporation 

can tune the carrier concentration and is a highly temperature dependent process [54]. For 

example, by sintering together the powder stacks containing two different amounts of dopants 

corresponding to the optimum n, as presented e.g. in [55]. As the material remains highly doped 

and the change in carrier concentration is continuous, no interface or parasitic resistances is 

expected. When selecting a dopant species for practical implementation, the dopant diffusivity 

in the host material needs to be considered and highly mobile dopants as e.g. Ag for p-type 

Mg2Sn need to be avoided [56]. A possible dopant diffusion can most easily be monitored by 
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spatially resolved techniques, in particular measurements of the Seebeck coefficient by 

microprobe techniques [57, 58]. 

Additionally, the possibility of segmentation can be easily explored as well with such a model. 

For segmentation, the TE leg is divided into a number of sections along the length of the TE 

leg and 𝑛opt,η is obtained for each section considering the hot and cold side temperatures of that 

section. The material properties corresponding to 𝑛opt,𝜂 for each section are set. For example, 

if 𝑛s1 is the optimum 𝑛 for a section 700 K-600 K, then 𝛼 for the temperatures between 700-

600 K is given by 𝛼(𝑇(𝑥), 𝑛s1) within that section. Here again, a linear 𝑇(𝑥) is assumed for 

calculation of the 𝑛s values and hence, for this particular example, 500 K corresponds to the 

mid-point of the TE leg. For a Mg2Sn leg with segments for the temperature intervals 700 K – 

500 K and 500 K – 300 K, the 𝑛opt,η is found to be 𝑛 = 2.27 ×1020 cm-3 and 0.98 ×1020 cm-3 

respectively. The material properties corresponding to such a segmented TE leg are shown in 

the SI (Figure S2). As our model is based on the iterative integration method [21], it is 

straightforward to find the efficiency of such segmented leg. A gain in efficiency of 5.1% 

compared to the homogenous material is observed in such a TE leg which can be easily realized 

experimentally.  

Table 1 summarizes the gain in efficiency of grading based on 𝑛opt,zT(𝑇(𝑥)), linear grading and 

two segmented leg, over the homogeneous leg.  

Table 1: Efficiency and relative gain for differently graded legs for 𝑻c =300 K and 𝑻h=700 K. 

 

Homogeneous 

leg  

Graded  

( 𝑛opt,zT (𝑇))  

Linear grading  

𝑛
= (−1.02985 x  1026

+ 5.64 x 1023 K−1x  𝑇(𝑥)) m−3 

Two 

segment 

leg  

with 

𝑛1= 

2.27 

×1020 

cm-3 

and 𝑛2= 

0.98 

×1020 

cm-3  

 𝜂max (%) 6.85 7.35 7.21 7.20                                                    

Relative 

gain in 

efficiency  

- 

7.3 5.3 
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 Conclusion 

In summary, the advantages of using a simple and efficient combined material-device tool in 

optimizing performance has been shown using n-type Mg2Sn as an example. Using a two band 

model the thermoelectric transport properties can be described over the full application 

temperature range and the effect of a locally varying 𝑛(𝑥) profile on the predicted conversion 

efficiency can easily be studied. Assuming a linear 𝑇(𝑥) and adjusting 𝑛(𝑥) such that 𝑧𝑇 is 

maximized at each position 𝑥, a gain in efficiency of 7.3% can be achieved in n-type Mg2Sn, 

compared to the best homogeneous material with constant 𝑛. We furthermore show that an 

increase of about 5% can be achieved by using a simple linear 𝑛(𝑥) or by using a leg with two 

segments, which would be practically much easier to fabricate than a linearly graded or even 

non-linear 𝑛(𝑥). This paper not only shows possibilities to obtain gain in efficiency by material 

grading or segmentation but also considers the obtained results based on compatibility criterion. 

For Mg2Sn, we find that grading according to the local 𝑧𝑇 also improves the self-compatibility 

of the material, increasing efficiency beyond the gain of the average 𝑧𝑇. As the general 

temperature dependencies and interrelations between 𝛼, 𝜎, 𝜅 are similar within the whole 

Mg2(Si,Sn) family it is plausible that the suggested approach is fruitful for that material class. 

Similar studies on other material systems can give a hint of the achievable gain in efficiency 

through such simple engineering. 

Supplementary material: 

The relevant two band model equations and other supporting graphs can be found in the 

Supplementary Material.  
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