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Abstract 

 

We present new microTEGs based on doped Bi2Te3 thin films deposited on polyimide membrane able 

to operate under a temperature difference as high as 280 K. We developed two microTEGs with 

different designs to obtain the lowest internal resistance possible. The thermoelectrical properties 

coupled to the low contact resistance lead to an open circuit voltage of 64 mV and a maximum output 

power of 36 µW under a temperature difference of 206 K. Such high temperature difference cannot 

be obtain in bulk commercial TEG systems; it is maintained without heat sink but only using a copper 

ring supporting a thin polyimide membrane. These thermoelectric devices deposited on suspended 

polyimide membranes open new ways for waste heat applications, in particular by direct mechanical 

and thermal contact with hot sources. 

      Keywords: Flexible thermoelectric generator, thermoelectrical thin film, bismuth telluride, dc 

magnetron sputtering, contact resistance 

 

1. Introduction 

 

Thermoelectricity is very attractive because it can convert heat energy directly into electrical 

energy by Seebeck effect and reversibly electricity can remove or produce heat by Peltier effect. 

Thermoelectric (TE) harvesting has become a challenge sought by many industrials particularly in the 

field of microelectronics engineering. Although there has been significant progress in manipulating 

new formulations and nano-structuring existing compounds [1], little work has been undertaken on 

devices development for micro-generation or thermoelectric microcooling [2-4]. This field of 

application represents a crucial interest for the world of autonomous electronic microsystems which 

requires local sources of renewable energy [5,6]. Personal networks (nomadic connected objects), 

consisting of microcontrollers, sensors and wireless communication chips, are typical applications for 

which thermoelectric energy recovery could be used [7,8].  

Bi2Te3-based materials are widely used for Peltier cooler and power generation applications near 

room temperature because of the high figure of merit 𝑍𝑇 =
𝑆2

𝜌𝜅
𝑇, where S, , and  are the Seebeck 

coefficient, electrical resistivity, and thermal conductivity of the material, respectively, and T is the 
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temperature. Bi0.5Sb1.5Te3 and Bi2Te2.7Se0.3 have been recognized as the best p-type and n-type TE 

materials due to the combination of high power factor (PF = 
𝑆2

𝜌
 ) and low thermal conductivity [9]. 

Several techniques have been exploited to deposit Bi2Te3-based thin films, such as molecular beam 

epitaxy (MBE) [10, 11], magnetron sputtering [12-15], flash evaporation [16], pulsed laser deposition 

(PLD) [17,18], Metal Organic Chemical Vapor Deposition (MOCVD) [19], electrochemical deposition 

[20-22] and ion beam sputtering [23,24]. 

Micro-thermoelectrical generators (microTEG) and nano-thermoelectrical generators (nanoTEG) 

have emerged these last decades for which power output of few tenths of µW to few µW can be 

obtained [25-37]. The performances depend on TE properties and also on internal resistances due to 

thin films geometry and specific contact resistance between metallic junctions and n and p-type legs. 

For microTEGs, there are two types of configuration: a perpendicular configuration (cross-plane) for 

which the temperature gradient along the film thickness is very low, and a planar configuration (in-

plane) for which the temperature gradient is greater but with much higher internal resistances. For 

this last configuration, the substrate in parallel with the TE film plays a predominant role on the 

temperature difference that can be obtained along the TE device. In addition, the thermal coupling 

between the heat source and the TE device is never optimized and the temperature difference 

obtained along the TE device is currently considerably reduced. Some devices have been developed on 

polyimide substrates which have particularly interesting mechanical and thermal properties [38-47]. 

Among these works, Kato et al. developed thermoelectric legs on long polyimide tapes (several square 

centimeters and 20 couples) in which an output power of around 100 µW is generated through a 

temperature difference of 130 K [48]. 

To date, bulk or thin bismuth telluride modules are not usable over the entire temperature range 

with a high figure of merit (typically 300K 550K) because the temperature differences are only few tens 

of degrees with the requirement of integrating a heat sink on the systems. In this work, we present a 

new concept of microgenerator based on bismuth tellurium thin films deposited on a thin polyimide 

membrane allowing to work under temperature differences of 280K and without large heat sink. 

 

2. Design and microfabrication process 

 

i) Deposition of doped Bi2Te3  

The performances of a TEG (efficiency, maximum output power) depend on the dimensionless 

figure of merit. The best-known TE materials, like Bi2Te3-based materials have a figure of merit close 

to 1 although certain works report on higher values [1,49,50] which are still difficult to reproduce. The 

films were deposited using a home-made dc magnetron sputtering vacuum chamber. 50 mm diameter 

hot pressed targets were used with Bi2Te2.7Se0.3 stoichiometric compositions for n-type and Bi0.5Sb1.5Te3 

for p-type materials. The substrate used was a polyimide membrane (Upilex©S) of 25 µm thick 

suspended on a copper ring of 28 mm in diameter and 2 mm in thickness. n-type and p-type films are 

annealed in an oven under Ar at atmospheric pressure during two hours at 523K before the deposition 

of a layer of Ni/Pt for electrical contacts. Such optimal annealing conditions have been determined in 

previous studies for the crystallization of n-type and p-type films. [51]. Pressure in the chamber before 

deposition was lower than 10-6 mbar. The sputtering parameters such as argon pressure, deposition 

time, plasma power and substrate-target distance are indicated in table 1. n-type (Bi2Te2.7Se0.3) and p-



type TE (Bi0.5Sb1.5Te3) thin films with these compositions have already been used in the development 

of different TEGs and nano-TEGs [30,31].  

 

Table 1 : Description of the sputtering parameters for devices C4 and M1. 

 

Seebeck coefficient, S, and electrical resistivity, , of the films are measured with home-made 

devices described in Ref. [13]. Electronic transport properties as well as the PF of n-type and p-type 

bismuth telluride thin films deposited on polyimide are given in table 2. 

 For both films, the variation of the normalized Seebeck coefficient and electrical resistivity as a 

function of temperature from 300K to 360K is shown in Figures S1 and S2 in the supplementary 

material. 

Table 2 also gives quantitative compositions of n-type and p-type films analyzed by EDS performed 

with an environmental scanning electron microscope (ESEM FEI Quanta 200). Three different regions 

of each film were analyzed with the same conditions (accelerating voltage, beam current, 

magnification, acquisition time). n-type and p-type films composition were respectively Bi2.1Te2.65Se0.25 

± 0.05 and Bi0.55Sb1.6Te2.85 ± 0.05. 

The phase structures of n-type and p-type films were investigated by XRD analysis. The main phase 

of the film is Bi0.5Sb1.5Te3 with diffraction peaks indexed based on JCPDS no. 49-1713. Films crystallized 

into a rhombohedral structure with space group R3m and lattice parameters a and c are respectively 

4.296 Å and 30.484 Å. The peak (015) is the dominant diffraction peak, suggesting no preferred growth 

orientation. For n-type film diffraction peaks reveal that the main phase is Bi2Te2.7Se0.3 (JCPDS no. 50-

0954) with lattice parameters a and c respectively of 4.286 Å and 30.176 Å. 

 

Table 2 : Compositions and electronic transport properties for n-type and p-type films. 

According to the thermal conductivities of 0.55W/mK and 0.79 W/mK measured in previous works [52] 

for respectively n-type and p-type films, figure of merit ZT are respectively 1 and 0.25. 

 

ii) Design  

A TEG not only consists of n-type and p-type thermoelectric elements assembling. Geometrical 3D 

dimensions with substrate and heat sink must be taken account. Hence, the effective figure of merit, 

given by 𝑍𝑇 =
𝑆2

𝑅𝐾
𝑇, where R and K are respectively the resistance and the conductance, is more 

appropriate to consider the TEG performances. The total resistance of the device R includes electrical 

 Argon pressure 
(mbar) 

Deposition 
time (min)  

Plasma power 
(W) 

Substrate-
target distance 

(cm) 

Usual deposition 
parameters 

1.5 x 10-2 40 to 80 
(1 to 2 µm) 

10  10 

 Seebeck 
coefficient, S 

(µV/K) 

Power factor, PF 
(W.m-1K-2) 

Electrical resistivity, ρ 
(Ω.m) 

 

Bi0.55Sb1.6Te2.85 (type p) +255 6.9 x 10-4 9.5 x 10-5 

Bi2.1Te2.65Se0.25(type n) -159 1.9 x 10-3 1.3 x 10-5 



contacts, and K the thermal coupling between the two thermal baths. The strategies to design a TEG 

with a maximal efficiency, or a TEG with a maximal output power, are in general slightly different. 

When heat sources to be converted are present in infinite quantities, a maximal output power is 

desirable, while highly efficient TEGs are more suitable when it is difficult to harvest small heat sources 

of low temperature bath. The maximum output power that can be generated by a TEG is given by 

𝑃𝑚𝑎𝑥𝑜𝑢𝑡 =
𝑉𝑜𝑝𝑒𝑛

2

4𝑅𝑖𝑛𝑡
=

𝑆2(Δ𝑇)2

4𝑅𝑖𝑛𝑡
 when the load resistor is equal to the internal resistance of the TEG (𝑅𝐿 =

𝑅𝑖𝑛𝑡). 𝑉𝑜𝑝𝑒𝑛 is the voltage at the boundaries of the TEG in open circuit conditions (or equivalently for 

an infinite value of the load resistor), in presence of a temperature difference T (see Figure 1)  

 

 

Figure 1 : Schematic view, picture and equivalent electric circuit of the device under measuring 

conditions. 

 

Schematic view and picture of the device are presented in figure 1, with the corresponding electrical 

equivalent circuit. The two hemispheric bismuth telluride TE thin films are connected using a small disk 

of nickel/platinum film. Two electrical contacts located at the periphery of the device ensure the 

voltage measurement of the n-p junction. A temperature difference between the center and the 

thermal sink is generated by a heater glued on the back side of the polyimide substrate and located at 

the central part of the TEG (cylindrical symmetry). In order to maximize the generated electrical power, 

the temperature difference as well as the effective power factor have to be the highest possible. For 

the establishment of a maximum temperature difference, how heat is supplied at the hot junction of 

the TEG is an important issue. Moreover, it is crucial that the TE materials used for the TEG have their 

highest values of power factor in the operating temperature range. For a given value of the materials 

Seebeck coefficients and a given geometry of the TEG, this means that internal resistance has to be 

the lowest possible. Here we have developed the micro-TEG according to these requirements. Firstly, 

the Bi2Te3-based (n-type and p-type) materials show high TE transport electronic properties upon the 



process and deposition conditions used for their elaboration (see table 2). A high temperature limit is 

of 573 K. Above this temperature bismuth telluride TE performance decreases, principally due to a 

change of the composition and consequently to a change of the carrier concentration. [52].  

The internal resistance Rint of a device is the sum of the contact resistance Rcontact and the 

thermoelectric thin-film resistance Rthermo of type n and type p. The contact resistance Rcontact is function 

to the areal contact resistance ρc expressed in  cm2 and the contact area Sarea between the metal and 

the thermoelectric thin film (ρc = Rcontact* Sarea). The term Rthermo is function to the electrical resistivity 

of the thin films and of the geometric ratio length / cross section. 

Two devices (C4 and M1) have been realized (Table 3) to test different internal resistances. Principal 

differences between both concern the Ni/Pt contact geometry: For C4 device, a small contact surface 

of 50 mm2 has been chosen as it can be observed on the picture of Figure 1. For M1device, this surface 

was significantly increased by a factor of around 10 in view to reduce contact resistances. This 

parameter is crucial since it’s greatly influences the overall power generated by the microsensor.  

In addition, there is a difference in the thickness of the film deposition with 1 µm for C4 and 2 µm 

for M1 TEG. A detailed drawing showing the differences in contact geometry is shown in figure S2 in 

supplementary material for a better understanding of the devices design. 

The smallest contact surfaces are those at the level of the hot junctions because of the smaller 

available surface at the center of the membrane due to the radial symmetry. However, when we 

estimate the theoretical resistance of the C4 device considering only the electrical resistivity 

contributions of the n-type and p-type thin films, we find a value of 51.6 . This value is about 20% 

lower than the total internal resistance Rint ( ). For the second TEG M1 with larger surface contact, 

the measured internal resistance of 28.0  is very close to the theoretical value (25.8 ) n this case, 

contact resistances are estimated to contribute less than 8% of the total value. 

Table 3: Films thickness, contact surface and resistances for C4 and M1 TEG. 

TE films of thicknesses between 1 µm to 2 µm are deposited on a polyimide suspended membrane 

(Upilex©S) of 25 µm thick. The polyimide has been chosen for three reasons: firstly, it is not 

deteriorated till 573K, even under air. Secondly, its low thermal conductivity (about 0.3 W/m.K) lower 

than that of Bi2Te3 materials (1W/m.K) allows thicknesses such as to preserve its mechanical 

properties, while avoiding highly parasitic heat losses. For a sake of comparison, in terms of thermal 

conductance, 25 µm of polyimide is equivalent to 2.5 µm of SiN [30] and to 0.125 µm of doped Si [28]. 

Thirdly, the polyimide membrane flexibility allows direct thermal and mechanical coupling of the hot 

junctions (in the membrane center) to external heat sources of any type (see section 4 “Practical use”). 

The in-plane configuration permits energy harvesting in high temperature difference for a relatively 

low amount of heat captured at the hot junctions. Hence, by comparison with cross-plane 

configurations, there is no need to cool the cold source in order to evacuate the heat-flux (fans, water 

circulation, etc….). In M1 device a supplied thermal power of only 500 mW leads to a temperature 

difference of about 300 K between the hot and cold junctions. It should be mentioned that this high 

 Thin films 
thickness 

(µm) 

Ni/Pt contact 
surface (mm2) 

Measured internal 
resistance (Ω)  

Theoretical 
resistance (Ω) 

 

C4 TEG 
 

1 
 

 

50 64.6 
 

51.6 
 
 

 

M1 TEG 2 500 28.0 
 

25.8 
 

 



thermal difference has been obtained under air where convection is predominant (see Figure 2). The 

total heat exchange of the device is close to 1.6 mW/K whatever the T range. 

 

 

Figure 2 : Evolution of the supplied thermal power and the heat exchange with the temperature 

difference for M1 TEG. 

 

3. Power generation performance 

 

i) Experimental method of measurement 

The input power is supplied at the center of the membrane by a platinum RTD Heraeus element 

(1000 ). The Pt1000 is glued at the backside of the membrane at the level of central Ni/Pt contact 

(see the 4 mm in diameter disk of Ni/Pt in figure 1). The Pt1000 is used here only as a heater. Current 

supplied in the Pt1000 is measured in the same time as the voltage across the resistor (four wires 

method) giving precisely the supplied power. Two other Pt1000 sensors are glued directly on the hot 

and cold junctions of the micro-TEG as shown in the picture of figure 1.  

The TEG is embedded in a sample holder containing four series of four pins connected to thin 

copper wires. The Pt1000 thermometers are measured in four wires mode with two voltmeters (Prema 

5017). The hot (Th) and cold (Tc) junction temperatures are permanently recorded. In all our 

experiments, the temperature Tc does not change more than  1 K due to room temperature 



regulation. As mentioned before, the heat exchange coefficient between the central part of the 

membrane and the surrounding is of about 1.6 mW/K (mean value of the heat exchange coefficient in 

figure 2). Under these conditions, we verified that the power supplied by the Th-thermometer is 

negligible. On the 30 KΩ-range, a current of 100 µA in the Pt1000 induces a power of about 10 µW 

giving rise to a temperature elevation of about 6 mK, well below the values of the temperature 

differences (between 200K and 300K) supplied for the measurements. The supplied power of the 

heater is in the range of few mW to 500 mW. In this case, the current is imposed via a current source 

(AOIP 8310) and the voltage (Prema 5017) across the heater is permanently measured giving precisely 

the power supplied at the hot junction. Four copper wires are connected using gold spring contacts to 

measure the voltage difference across the TEG and the internal resistance (see figure 1). The data are 

recorded using a Schlumberger SI 7063 voltmeter. Since the two cold junctions are located on the heat 

bath, their temperatures are identical, and there is no significant supplementary parasitic 

electromotive force at the level of these contact pins. From these two spring gold contact pins, two 

other wires are used to connect the TEG to a rheostat (see scheme in figure 1). The value of the load 

resistor (RL) is varied between 0.1 Ω to 100 KΩ. When varying the RL, the voltage across the TEG is 

continuously measured.  

 

ii) Open voltage characteristics 

In a first series of measurements, the power is supplied at the level of the hot junction, and the 

voltage difference (𝑉𝑜𝑝𝑒𝑛), across the TEG in open circuit condition, as well as the corresponding 

temperature difference are measured. Figure 3 shows the experimental data 𝑉𝑜𝑝𝑒𝑛 = 𝑓(∆𝑇) plotted 

with blue and black points respectively for C4 and M1 TEGs. 

 



Figure 3 : Evolution of the voltage Vopen(open circuit condition) with the temperature gradient for C4 

(in blue) and M1 (in black) TEGs. 

 

The open voltage variation for different temperature gradients is linear for both TEGs. The slope 

gives the average value of the Seebeck coefficient for one p-n junction on the whole temperature 

gradient range. The average S values for C4 and M1 TEGs are respectively 320 and 298 V/K. These 

values are slightly lower than the theoretical Seebeck coefficient of a n-p junction according to the 

intrinsic Seebeck coefficients shown in table 1 (Stheoretical = 255 + 159 = 414 V/K). This difference is due 

to the fact that the intrinsic S coefficients were measured at room temperature whereas the average 

S values were determined with temperature varying from 300K up to 460K (for C4) and 510K (for M1). 

As shown in figure S2, the p-type Seebeck coefficient is optimum for a temperature of 340K before 

decreasing from this temperature. This behavior is classical for bismuth telluride compounds. In the 

literature, according to the preparation of the samples and the annealing carried out, the Seebeck 

coefficient decreases by 25 to 33% from a temperature between 330K and 425K for the n-type and the 

p-type [53-55]. We can notice that the Seebeck coefficient is not affected by the thickness of the TE 

thin films.  

 

iii) Power generation 

In a second series of experiments, the TEG is connected to a variable load resistor under a constant 

thermal gradient such as described above. When the load resistance is much higher than the internal 

resistance (𝑅𝐿 ≫ 𝑅𝑖𝑛𝑡), there is merely no current circulating in the loop and 𝑉𝐿 is equal to its open-

circuit value (𝑉𝐿~ 𝑉𝑜𝑝𝑒𝑛). Inversely, when RL is negligible with respect to the internal resistance (𝑅𝐿 ≪

𝑅𝑖𝑛𝑡) the maximal value of the current (current in short-circuit condition) circulates in the loop. Under 

these two particular conditions, there is no available generated power from C4 and M1 TEGs as shown 

in respectively figures 4a and 4b.  



 

Figure 4a : Voltage difference VL (in black) and generated power (in red) recorded for C4 TEG versus 

generated current for different temperature gradients. 



 

Figure 4b : Voltage difference VL (in black) and generated power (in red) recorded for M1 TEG versus 

generated current for a temperature difference of 206 K. 

In figures 4a and 4b, experimental data are presented for the two TEGs C4 and M1. The left scale 

shows the generated power (𝑃𝑜𝑢𝑡 = 𝑉𝐿 × 𝑖) as a function of the current in the circuit (see the 

equivalent circuit in figure 1). The right scale shows the voltage across the load resistor as a function 

of the same current (𝑉𝐿 = 𝑓(𝑖)). The voltage difference (𝑉𝐿) decreases linearly from Vopen up to 0 when 

the RL varies from 100 k up to 0.1  The slope of the fitted straight lines gives 𝑅𝑖𝑛𝑡 while the ordinate 

at the origin gives 𝑉𝑜𝑝𝑒𝑛. When the load resistance is much higher than the internal resistance (𝑅𝐿 ≫

𝑅𝑖𝑛𝑡), there is merely no current circulating in the loop and 𝑉𝐿 is equal to its open-circuit value 

(𝑉𝐿~ 𝑉𝑜𝑝𝑒𝑛). The maximum harvesting power is 𝑃𝑜𝑢𝑡 =
𝑉𝐿

2

𝑅𝐿
=

𝑉𝑜𝑝𝑒𝑛
2

4𝑅𝐿
 when the load resistance is equal 

to the internal resistance. 

To compare C4 and M1 devices, figure S3 in supplementary material shows measured power and 

fitted values obtained from the formula 𝑃𝑚𝑎𝑥𝑜𝑢𝑡 =
𝑉𝑜𝑝𝑒𝑛

2

4𝑅𝑖𝑛𝑡
=

𝑆2(Δ𝑇)2

4𝑅𝑖𝑛𝑡
 according to the Rint measured 

and S obtained in figure 3 (S=320 and 298 V/K for respectively C4 and M1 devices) are plotted. This 

graph compares the power for the same temperature difference and shows that the generated power 

performance is higher for M1 depending on the internal resistance. 

The M1 TEG has a maximum electrical power of about 36 µW upon a constant differential 

temperature of 206 K, a current of 1.15 mA (𝑅𝑖𝑛𝑡 = 𝑅𝐿), with an open circuit voltage of 64 mV without 

the need to cool the cold junctions. These values may be of interest for low power applications. In 

taking the sensitive surface of the TEG, i.e. the surface of the suspended membrane delimited by a 



diameter of 18 mm over which the temperature difference is converted, the maximum power by 

surface units is of 14.2 µW/cm2. For a maximum possible temperature difference of 280 K (i.e. the 

center of the membrane being at Th = 573 K) the available maximum power could be of 63 µW ( 25 

µW/cm2). The power output achieved with our device at ΔT=206 K is higher than those found in other 

planar devices for which low temperature difference can be applied [28,30]. However, such values 

remain lower than those obtained by Davila et al. [27]. A power output of 1.4mW/cm2 has been 

obtained for a ΔT of 300K in a complex device based on successive linkages of multiple Si nanowire 

arrays. 

Ageing tests were carried out on device M1 subjected to a temperature difference of 150K for 8 

hours. The curve showing this V/T evolution can be seen in figure S4 in supplementary material. 

After eight hours the decrease of the Seebeck coefficient of the junction is less than 2%. More complete 

tests at temperature differences close to 210K are planned in the near future. 

The micro-TEG of the C4 type is less performant with a maximum recorded power around 10 µW 

only, an internal resistance of 64.6 Ω, an open circuit voltage of 51.3 mV, and a current of 400 µA. In 

this later case, the internal resistance was too high due to the presence of parasitic interface 

resistances, as well as a lower film thickness. For this device, the power output recorded for different 

T follows the expected parabolic law P α ΔT2. 

 

4. Practical use 

The 25 µm thick polyimide membrane is flexible enough to adapt its shape in the center of the 

micro-TEG to solid surfaces. Moreover, it is robust enough to support an important mechanical 

pressure (well above 10 bars) on the hot junction with surface close to 10 mm2 in our configuration. 

As a consequence, hot conductive rods may supply directly by strong mechanical contact an amount 

heat from an external source directly to the hot junction of the TEG (see Figure 5). The deformation of 

the membrane containing the thin films at this location permits heat transfer without loss. In other 

words, an external source of temperature 𝑇𝑆 is theoretically able to heat the hot junction to 

approximately the same temperature if the rod is conductive enough (copper rod for example).  

 

a)                                                                                               b) 

Figure 5 : Thermal view of the device for a temperature gradient of around 200K (a) and 

associated scheme (b) 



In order to test this specificity of our TEG device, the center of one micro-TEG is put in contact with 

a copper rod thermally coupled to a copper support in contact with the heat tank (a hot plate whose 

temperature is controlled). The micro-TEG is located inside a sample holder thermally insulated from 

the hot plate, insuring the cold junctions to remain at room temperature. A hot plate temperature of 

573 K yields to a temperature difference of about 240 K across the two junctions of the TEG. In this 

experiment, a part of the heat coming from the heat bath leaks in the surrounding air, inducing a loss 

of temperature gradient of about 60 K. It is worth noticing that a temperature difference of 240 K may 

generate an electrical power of about 45 µW (𝑉𝑜𝑝𝑒𝑛~71 𝑚𝑉; 𝑖~1.3 𝑚𝐴 when 𝑅0 = 𝑅𝐿~28 Ω). Those 

values may open the field to many practical applications. It is also obvious to imagine how such micro-

TEGs may produce much more usable electrical power when used in series or in parallel by conversion 

of the available surrounding hot sources which are generally wasted in the industries. Due to its small 

plain surface of ~ 6 cm² the micro-TEG may constitute the elementary brick of a bigger scale panel for 

which the elements could be connected in series or in parallel depending on the targeted applications. 

A panel constituted by 1010 elements should therefore be able to generate an electrical power of 

3.6mW when put in contact with a heat source of about 500 K.  

 

5. Conclusion 

In this work, a new thermoelectric microgenerator based on n-type Bi2Te2.7Se0.3, and p-type 

Bi0.5Sb1.5Te3 thin films is developed  Films are deposited by sputtering on a 25 µm thick suspended 

membrane of polyimide. The specificity of this micro-TEG consists in its availability to convert high 

temperature differences (typically between 200 and 300 K) leading to maximum available electrical 

powers of few tens of µW. For our best prototypes, we experimentally generated a maximum power 

of 36 µW for a temperature difference of 206 K. In these steady state conditions, we obtained an open 

voltage of 64 mV, an internal resistance of 28 Ω, and a current in short circuit condition of 2.3 mA (the 

current in maximum power condition is 1.15 mA). Considering the entire surface on which the 

temperature difference is converted, the maximum power that has been measured experimentally 

reaches 14.2 µW/cm2. This relatively high generated power is obtained in steady state conditions 

without the need to cool the cold bath (cold junctions), which is another particularity of this micro-TEG 

compared to devices in cross-plane configuration. 

Another particularity of our micro-TEG is its ability to capture thermal power at the center of the 

device by direct thermal and mechanical contacts with surrounding heat baths. The flexibility and 

elasticity of the polyimide membrane insure a good thermal contact at the level of the central junction 

of the device. The adequation between versatility in heat harvesting and high-power generation opens 

the way to plenty of new applications. 
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