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Studying the asymmetry of the electrical contact resistivities 

The phenomenon of asymmetry in electrical contact resistances has been observed 
with other electrodes than aluminum, as can be seen in Table S1. Although the magni-
tudes are different, this behavior also appears with Ni and Ag electrodes on Mg2X mate-
rials. The Ag electrodes were contacted at 450 °C and 30 MPa for 10 min and the Ni elec-
trodes at 600 °C and 30 MPa for 10 min. This shows that this issue is not specific to Al and 
can even be encountered with electrodes that are less prone to oxidation. 
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Table S1. Asymmetric electrical contact resistivities for several electrodes on Mg2X materials. 

Electrode/TE 
Symmetric sample rc  

(µΩ∙cm²) 
Asymmetric sample (low // high rc)  

(µΩ∙cm²) 
Al/Mg2(Si,Sn) 4 ± 2 15 ± 19 // 792 ± 181 

Ni/Mg2Si 4 ± 3 7 ± 7 // 179 ± 116 
Ag/Mg2(Si,Sn) 9 ± 1  9 ± 5 // 40 ± 36 

Table S2 also shows cases of symmetric and asymmetric samples for various factors, 
such as the carrier type, TE pellet geometry (diameter of 15 or 30 mm), presence or absence 
of a buffer layer during contacting and direct vs indirect current heating setup. The pres-
ence of both symmetric and asymmetric samples for all configurations of these factors 
indicates that they do not seem to play a decisive role in this asymmetry phenomenon. 

Table S2. List of symmetric and asymmetric samples with varying contacting parameters. 

Sample Low rc (µΩ∙cm²) 
High rc 

(µΩ∙cm²) Carrier type 
Pellet diameter 

(mm) 
Direct/ Indirect 

current Buffer layer 

1119JCA04 3 ± 2 symmetric n 15 indirect yes 
1119JCA78 18 ± 7 220 ± 180 n 15 indirect yes 
1119JCA20 54 ± 26 107 ± 40 n 30 indirect yes 
1118NT20 5 ± 4 Symmetric n 30 indirect yes 
1118NT71 7 ± 2 98 ± 13 p 15 indirect yes 
1118NT76 11 ± 4 symmetric p 15 indirect yes 
1117NP33 9 ± 5 symmetric p 15 indirect no 
1119JCA86 4 ± 2 Symmetric n 15 direct no 
1120JCA09 49 ± 27 319 ± 318 n 15 direct no 

EDX line scans at the Al-TE interface of a symmetric and an asymmetric sample are 
shown in Supplementary Figure S1 and the respective contact resistivities are reported in 
Table S3. Both samples went through the same preparation and process steps. Although 
the resolution of the images is not optimal due to a deficient polishing preparation, the 
EDX line scans show oxygen peaks at the interfaces of the asymmetric sample, with a 
rough correlation between peak height and rc. Such peaks are not observed on the sym-
metric sample. The O peak could correspond to a very thin Al2O3 layer, which cannot be 
distinguished on the curves due to the scale.  

Al2O3 could indicate that there was an oxide layer on the foils of the asymmetric sam-
ple before contacting and could be the origin of the asymmetry. Given that both samples 
were identically prepared and processed, this would indicate how variable and non-re-
producible the manual foil preparation is. It is also possible that the Al2O3 was formed 
after contacting and dicing, as the dicing could have pulled on the interface or cracks could 
have nucleated, making a way for oxygen to diffuse at the interface and oxidize the Al 
electrode. 
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Figure S1. Linescans of Al/Mg2(Si,Sn) interfaces. (a) left of sample 1, (b) right of sample 1, (c) left of sample 2, (d) right of 
sample 2. 

Table S3. - Electrical contact resistivities of the Al/Mg2(Si,Sn) interfaces presented in Figure S1. 

 interface rc value (µΩ∙cm²) 
a  5 ± 19 
b 792 ± 181 
c 4 ± 3 
d 4 ± 3 

Zn coating and contacting experiment 

Figure S2 shows SEM images of the Zn coating on the Al foil after ion etching in the 
PVD. The Zn layer looks dense and continuous and is ~8 µm thick. It should therefore 
ensure an efficient protection against air to the Al foil. Figure S3 shows a picture of the 
contacted pellet. It is seen that a large proportion of the Zn melted and got evacuated on 
the sides of the pellet due to the applied pressure. 
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Figure S2. BsE and SE2 observations of the Zn coating on the Al foil after ion etching. 

 
Figure S3. picture of a Mg2(Si,Sn) pellet after contacting with Zn-coated electrodes. 

Figure S4 shows exemplary line scans of the samples presented in Tables 1, 2 and 3 
of the paper. As each pellet was cut into 9 legs, and a full line scan characterization is very 
lengthy, most legs were measured with local line scans which focus on each interface on 
a scale of 1–2 mm, separately. This is the case of the top/bottom leg presented below (Fig-
ure S4a and b). 
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Figure S4. Exemplary line scans of the potential and Seebeck coefficients for the reported experiments (a) top/bottom 
experiment, side at the top during cutting (leg7), b) top/bottom experiment, side at the bottom during cutting (leg 7), c) 
top/top experiment (leg 4), d) experiment with Zn-coated Al foils (leg 5). The Cu layer indicated in a) and (b) corresponds 
to the sample holder of the PSM. 

Additional hybrid-DFT calculations 

In order to compare with experimental results of the Zn contacting experiments, hy-
brid-DFT calculations were made to investigate the defects formation energies of Zn-re-
lated defects in Mg2X systems. Figure S5 shows the defect formation energy calculations 
in Li and Bi-doped Mg2Si. Bi-doped samples are discussed under both Mg-poor and Mg-
rich conditions, while for Li-doping only the Mg-poor conditions are discussed. Indeed, 
Li doping is aimed at Mg sites in the Mg2X material while it was found that, although Li 
on Mg site defects are indeed stable, Li interstitials are even more stable defects [1]. This 
means that the Li-doped material will always contain a certain proportion of Mg vacancies 
and Mg-rich conditions will not be obtained. In Figure S5, only the defects with formation 
energies < 1 eV are presented.  
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Figure S5. Charged defect formation energies for Zn defects in: (a) Li-doped and (b) Bi-doped Mg2Si under Mg-poor 
conditions (c) Bi-doped Mg2Si under Mg-rich conditions, (d) Li-doped Mg2Sn under Mg-poor conditions. For simplicity, 
the Li-doped Mg2Si and Mg2Sn are only represented in the Fermi level region around VBM while the Bi-doped samples 
are represented in the Fermi level region around CBM. 

In Supplementary Figure S5a where the results of Li-doped Mg2Si are presented, the 
most relevant Zn defect in the vicinity of the valence band maxima (VBM) is ZnMg 

(Zn_Mg). This defect has a charge transition level (CTL) from q = 1+ to q = 0 at EF = − 0.59 
eV, below the VBM. For EF between −0.68 and −0.59 eV where ZnMg is a donor defect with 
the charge q = 1+, the electron contribution to the charge carrier concentration is not ex-
pected to be very significant, owing to its high formation energy (Eform = 0.22 ~ 0.32 eV) 
compared to other more stable donor defects, namely ILi (Li_int) and IMg (Mg_int). Never-
theless, as the intendent conduction here is p-type, the occurrence of the ZnMg defect 
would make it even harder to achieve such conduction, as it is yet another donor defect 
with a formation energy lower than that of LiMg (Li_Mg), which is the major acceptor de-
fect.  

For Bi-doped Mg2Si under Mg-poor conditions, as presented in Supplementary Fig-
ure S5b, the relevant Zn defects are ZnMg and ZnSi (Zn_Si). ZnMg is a neutral defect across 
the band gap and has a charge transition level above the conduction band minima (CBM) 
(at EF = 0.003 eV). Above this CTL, ZnMg becomes an acceptor defect of charge q = 1-. If we 
take the example of highly doped sample with EF = 0.05 eV, one can see that the main 
electron donor defect BiSi and the ZnMg defect have very comparable formation energies: 
0.35 eV for the former, 0.27 eV for the latter. Using 𝑛 ሺ𝐷௤ሻ=𝜃ୢୣ୥𝑛୪ୟ୲୲ expሺെ ா౜౥౨ౣ௞ా் ሻ where 𝑘୆ = 8.62 × 10−5 eV/K,  𝑛୪ୟ୲୲= 1.6 × 1022 cm−3 for a defect on Si or Sn site in Mg2Si and 3.1 × 
1022 cm−3 for a defect on Mg sites and T = 475 °C, the defect density for the BiSi (Bi_Si) and 
the ZnMg defects would respectively be 7.0 × 1019 cm−3 and 4.7 × 1020 cm−3, which corre-
sponds to a compensation in n ~ 4 × 1020 cm−3. Therefore, ZnMg is expected to cause a sig-
nificant compensation of the conduction electrons provided by BiSi for the Mg2Si system 
under Mg poor conditions. Experimentally, this would translate to a variation in the See-
beck coefficient. 

As for the second Zn-related defect in this case, ZnSi, it is not expected to play an 
important role in determining the system´s carrier concentration because its high for-
mation energy results in a low density. Therefore, the effect of the ZnSi defect can be dis-
regarded.  

For Bi-doped Mg2Si under Mg-rich conditions, as presented in Supplementary Figure 
S5c, the relevant Zn defects are also ZnMg and ZnSi, however with different formation en-
ergies. ZnMg is a much less stable defect than under Mg-poor conditions with Eform = 0.61 
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eV at CBM. Therefore, it is not expected to notably influence the charge carrier concentra-
tion. On the other hand, the ZnSi defect is much more stable under Mg-rich (Si-poor). ZnSi 
is an acceptor defect of charge q = 2- in the whole chemical potential of interest region. It 
has a formation energy Eform = 0.39 eV at EF = 0.05 eV. At this second EF region, the for-
mation energies of ZnSi and BiSi are close, and get closer the higher the energy level. BiSi 
has a formation energy Eform = 0.20 eV at EF = 0.05 eV. If we calculate the defect density for 
both defects, it would be 3.8 × 1019 cm−3 for ZnSi and 7.2 × 1020 cm−3 for BiSi, which corre-
sponds to a compensation in n ~ 7 × 1020 cm−3. Experimentally, a variation in the carrier 
concentration would be expected under Mg-rich conditions.  

As a conclusion, the predicted changes in carrier concentration due to Zn diffusion 
are similar for both Mg2Si and Mg2Sn. For both systems, the most stable Zn-related defect 
is ZnMg for Mg-poor conditions and ZnX (X=Si or Sn) for Mg-rich conditions and all are 
electron killers in the n-type materials. As a consequence, the observed experimental re-
sults also match with the DFT defects calculation for n- and p-type Mg2Si: no change is 
seen for p-type and a decrease in carrier concentration is observed for n-type.  
Obtaining the carrier concentration from the Seebeck coefficient 

Supplementary Figure S6 shows the dependence of the Seebeck coefficient with car-
rier concentration (Pisarenko plot) according to the single parabolic band model (SPB) [2]. 
In this model, the transport properties are obtained following the equations given by: |𝑆| ൌ 𝑘୆𝑒 ൈ ቆ2𝐹ଵሺ𝜂ሻ𝐹଴ሺ𝜂ሻ െ 𝜂ቇ 

𝑛 ൌ 4𝜋 ቆ2𝑚∗ୢ 𝑘୆𝑇ℎଶ ቇଵ.ହ 𝐹ଵଶሺ𝜂ሻ 

Where 𝜂 ൌ ாూ௞ా் is the reduced chemical potential, 𝑚∗ୢ  the density of states effective 
mass and 𝑛 the carrier concentration, 𝑘୆ is the Boltzmann’s constant, 𝐹௜ሺ𝜂ሻ is the Fermi 
integral of order i. The value of 2.1 𝑚଴ was taken for the effective mass after analyzing 
the transport properties of the material. 

  
Figure S6. Pisarenko plot for n-type Mg2(Si,Sn), with an effective mass of 2.1m0. 
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