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Generalized Parameter and Compatibility Factor of Thermoelectric n-SixGe1-x 

The dependence of the maximum of the figure of merit (ZT)max of the SixGe1-x alloy on the 
generalized parameter of material B* is investigated. A formula is used to calculate the 
values of B*, which contains the quantities of band gap, specific electrical conductivity, 
scaled parameter 𝐵𝐵𝑆𝑆 

′  and lattice thermal conductivity: B*≅7.755·10-4Eg𝜎𝜎𝐵𝐵𝑆𝑆 
′ kL

-1. This 
formula is derived from the combination of the formulas known from the literature that 
relate the thermoelectric parameters – mobility, effective mass and weighted mobility of 
charge carriers. This formula no longer includes effective mass, mobility and temperature 
– these parameters are replaced by specific electrical conductivity and the Seebeck 
coefficient. Dependence (ZT)max – B* is constructed. By calculating the generalized 
parameter, you can approximately estimate the maximum value of the figure of merit for 
almost any thermoelectric. The compatibility factor of SixGe1-x has been determined. The 
possibility of creating segmented thermogenerators based on this material in combination 
with YbMg1.8Zn0.05Bi1.98, CuAl0.8Fe0.2O2 and Cu1.98S is indicated. 
Keywords: thermoelectric SiGe, generalized parameter, compatibility factor. 

 
Unique properties of thermoelectric energy sources have determined the undeniable 

advantages of using thermoelectric generators as autonomous energy sources [1–4]. Among the 
well-known materials, alloy SiGe also occupies a prominent place. This thermoelectric has been 
used in spacecraft generators since the second half of the last century until recently [5–8]. This 
alloy is also used in many other areas of science and technology: coolers, sensors, thin-film 
transistors, batteries, solar cells, photodetectors [9–16]. It has good mechanical properties, 
thermal stability and its potential efficiency reaches 15 %. 

The quality of a thermoelectric material is determined by the figure of merit ZT = σS2T/k, 
where σ is specific electrical conductivity, S – Seebeck coefficient, T – absolute temperature 
and k – total thermal conductivity. For SiGe with P- and N-type conductivity, quite high values 
of ZT were obtained: 0.86 and 1.29, respectively [17]. 
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The effective parameter for predicting the maximum value of ZT is generalized 
parameter of the thermoelectric material. It is given by the following expression [18, 19]: 
B*≅6.668·10-2EgU*kL

-1, where Eg is band gap in eV, U*=μ(𝑚𝑚∗𝑇𝑇 𝑚𝑚0⁄ )3/2 (μ and 𝑚𝑚∗ – mobility 
and effective mass of charge carriers, m0 – electron rest mass) and kL – lattice component of the 
total thermal conductivity k. 

Next, we will consider generalized parameter of alloy SixGe1-x with n-type conductivity at 
x = 0.7, 0.76 and 0.8. (N-SixGe1-x has a number of advantages over the P-type. In particular, in 
addition to a larger figure of merit for the same temperatures, it is more resistant to radiation [20].) 

The compatibility factor of material is also considered. This important parameter of the 
material characterizes its suitability for segmentation with other materials to create a 
thermoelectric device [21–28]. 

The studied samples were obtained according to the method described in the monograph 
[20]. SixGe1-x samples with different compositions were used for research: x = 0.7, 0.76 and 0.8 
(concentration of charge carriers n = 3.2·1026 m3). Their conductivity is N-type, for which they 
were doped with phosphorus.  

 B*≅7.755·10-4Egσ𝐵𝐵𝑆𝑆 
′ kL

-1. (1) 

(𝐵𝐵𝑆𝑆′ ≅
3�e(Sr−2)−0.17�

2/3

1+e−5(Sr−Sr
−1)

+ Sr
1+e5(Sr−Sr

−1)
. At |S| ≅2·10-4V/K and above 𝐵𝐵𝑆𝑆′ ≅3(eSr−2 – 0.17)2/3 with 

high accuracy.) 
As we see, formula (1) no longer includes effective mass, mobility and temperature – 

these parameters are replaced by specific electrical conductivity and 𝐵𝐵𝑆𝑆′  (i.e. the Seebeck 
coefficient).  

To determine the values of Eg at different x, we used the formula [31] Eg=2|S|max𝑇𝑇Smax as 
a result of which from Eq. (1) we finally have: 

 B*≅1.551·10-3|S|max𝑇𝑇Smaxσ𝐵𝐵S 
′ kL

-1. (1') 

Bulk SiGe alloys typically have total and lattice thermal conductivities close to each other 
(unlike nanomaterials). Therefore, in formulas (1, 1') kL can be replaced by k. 

Figure 1 shows the (ZT)max – B* dependence, built on the basis of literature data for 
various thermoelectric materials (CoSbTe, CoSbTeSn, BiTeSe, BiSbTe, FeNbSb, 
MgSn0.73Ge0.25, BiSbTe [18]; P,N-Mg2Sn, P,N-Ag2Te, P-YbMg2Bi2, N-Mg3(Sb,Bi)2,  
P,N-Bi2Te3, P,N-PbTe, P,N-CoSb3, P-MgAgSb, N-BiAgSeS, P-FeVSb, N-ZrNiSn, P,N-SiGe 
[19]) and data for N-SixGe1-x. From this figure it can be seen that our data satisfactorily adds to 
the literature data. 

The parameter B* provides a good characterization of thermoelectrics, particularly at high 
temperatures, and therefore can facilitate the search for better thermoelectric materials. Thus, 
by calculating the generalized parameter, you can approximately estimate the maximum value 
of the figure of merit for almost any thermoelectric. 
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Fig. 1. Dependence (ZT)max – B*: data for 25 thermoelectric materials from [18, 19]  

(bounded area); o – Si0.7Ge0.3, ∆ – Si0.76Ge0.24, □ – Si0.8Ge0.2 

The effective parameter for materials is the thermoelectric quality factor B = BET/kL  
(BE – electronic quality factor [32]) that also determines maximum of ZT. It is a good predictor for 
(ZT)max of an optimally doped sample, provides a better characterization of thermoelectrics, 
particularly at high temperatures, and therefore can facilitate the search for good thermoelectric 
materials, in the criteria of high weighted mobility, low lattice thermal conductivity, and large band 
gap value. We have constructed the (ZT)max – B dependence for a large number of thermoelectric 
materials (bounded area in Fig. 2). The points for our samples as well as for some SiGe-based 
materials are also given there. It is evident that these points fit into the overall picture well. 

 
Fig. 2. Dependence (ZT)max – B: data for a large number thermoelectric materials  

(bounded area); o – Si0.7Ge0.3, ∆ – Si0.76Ge0.24, □ – Si0.8Ge0.2,  ◊ – (Si0.8Ge0.2)0.98P0.02 [33],  
𝛻𝛻 − Si0.8Ge0.2B0.8 [34], ¤ − Si0.8Ge0.2B0.8(TaC)0.75 [34], ☼ − Si0.8Ge0.2B0.8(NaBH4)0.7 [35], 

 ◌ − Si0.7Ge0.3 (n=2.3·1025 m3) [36], ⦿ − P-type nano SiGe [37] 

Values of the figure of merit allows us to determine the compatibility factor: 
CF=[(1+ZT)1/2–1]/ST. Figure 3(a) shows the temperature dependences of the compatibility 
factor for Cu1.98SxSe1-x and SiGe from [27]. The graph of SiGe can be considered the best, since 
the compatibility factor should not change significantly depending on temperature. Our data are 
presented as points at 1173 K in Figure 3(b). Extrapolation of the A – T dependence to these 
points gives a more complete picture. 
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а) b) 

Fig. 3. (a) Temperature dependences of compatibility factor for: 1 – Cu1.98Se, 2 – Cu1.98S0.02Se0.98,  
3 – La2Te3, 4 – CoSb3, 5 – PbTe, 6 – SiGe, 7 – Cu1.98S, 8 – Cu1.98S0.8Se0.2,  

9 – Cu1.98S0.9Se0.1 from[27]; (b) Some graphs from Fig. 3(a); points are our data  
(these points, corresponding to different x in SixGe1-x overlap each other) 

Temperature dependences of CF for some well-known thermoelectrics are shown in 
Fig. 4. Our data for Si0.8Ge0.2 are also given there. It is evident from the figure that the A – T 
dependence for YbMg1.8Zn0.05Bi1.98 [38] intersects with our dependence at approximately 
350 K, for CuAl0.8Fe0.2O2 [39] – at 750 K, and for Cu1.98S – at 850 K. All this indicates the 
possibility of creating segmented thermogenerators based on SiGe in combination with the 
indicated materials. 

 
Fig. 4. Temperature dependences of compatibility factor: o – YbMg1.8Zn0.05Bi1.98,  

∆ – CuAl0.8Fe0.2O2, □ – Cu1.98S and ◊ – Si0.8Ge0.2 

Conclusions 
The dependence of the maximum of the figure of merit (ZT)max of the SixGe1-x alloy on 

the generalized parameter of material B* is investigated. A formula is used to calculate the 
values of  B*, which contains the quantities of band gap, specific electrical conductivity, scaled 
parameter  BS 

′  and lattice thermal conductivity: B*≅7.755·10-4EgσBS 
′ kL

-1. This formula is 
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derived from the combination of the formulas known from the literature that relate the 
thermoelectric parameters - mobility, effective mass and weighted mobility of charge carriers. 
This formula no longer includes effective mass, mobility and temperature - these parameters 
are replaced by specific electrical conductivity and the Seebeck coefficient. Dependence 
(ZT)max – B* is constructed. By calculating the generalized parameter, you can approximately 
estimate the maximum value of the figure of merit for almost any thermoelectric. The 
compatibility factor of SixGe1-x has been determined. The possibility of creating segmented 
thermogenerators based on this material in combination with YbMg1.8Zn0.05Bi1.98, 
CuAl0.8Fe0.2O2 and Cu1.98S is indicated. 
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Узагальнений параметр і фактор сумісності термоелектричного n-SixGe1-x 

Досліджено залежність максимуму коефіцієнта добротності (ZT)max сплаву SixGe1-x 

від узагальненого параметра матеріалу B*. Для розрахунку значень B* 
використовується формула, яка містить величини ширини забороненої зони, 
питомої електропровідності, масштабованого параметра 𝐵𝐵𝑆𝑆 

′  та теплопровідності 
решітки: B*≅7.755·10-4Eg𝜎𝜎𝐵𝐵𝑆𝑆 

′ kL
-1. Ця формула виведена з комбінації відомих з 

літератури формул, що пов'язують термоелектричні параметри – рухливість, 
ефективну масу та зважену рухливість носіїв заряду. Дана формула більше не 
включає ефективну масу, рухливість та температуру – ці параметри замінюються 
питомою електропровідністю та коефіцієнтом Зеєбека. Побудовано залежність 
(ZT)max – B*. Обчислюючи узагальнений параметр, можна приблизно оцінити 
максимальне значення добротності практично для будь-якого термоелектрика. 
Визначено фактор сумісності SixGe1-x Вказано на можливість створення 
сегментованих термогенераторів на основі цього матеріалу в поєднанні з 
YbMg1.8Zn0.05Bi1.98, CuAl0.8Fe0.2O2 та Cu1.98S. 
Ключові слова: термоелектричний SiGe, узагальнений параметр, фактор сумісності. 
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