INTEGRATION OF THIN FILM THERMOELECTRIC OXIDE @ID@
MATERIAL INTO MICRO THERMOELECTRIC GENERATORS CSI c

CONSEJO SUPERIOR DE INVESTIGACIONES CIENTIFICAS
|. Martin-Fernandez!, M. Salleras?, A. Chatterjee?, A. Rodriguez-lglesias?, M. Fernandez-Regulez?, g
F. Bauitti®, A. Morata3, A. Tarancon?, N. Pryds?, L. Abad?, J. Santander?, L. Fonseca'’ DTU IREC

Shapmg Energy for a Sustainable Future

1 Institute of Microelectronics of Barcelona (IMB-CNM-CSIC), Barcelona, Spain.
2 Department of Energy Conversion and Storage, Technical University of Denmark, 2800 Kgs Lyngby, Denmark “
3 Catalonia Institute for Energy Research (IREC), Barcelona, Spain . '

email: inigo.martin@imb-cnm.csic.es

FO’O’
*’0 0’
L R X
For electronics to become ubiquitous and to fully deploy Thermal harvesting is attractive but currently Internal External Planar microthermoelectric generators (LTEG)
trillions of autonomous sensors one of the challenges is based on scarce and toxic materials (e.g. Bi,Te,) contact contact pased on Si-compatible TE oxide thin films
the sustainability and the long-term autonomy of their and not compatible with miniaturization - f
power supply. N Yy S —> TE oxide materials (environmental friendliness)
C Current ) ( Alternative ) A S?.o R Suspended ' — Thin film technology (less critical raw materials)
» y Thermal ) ZT = X T i membrane - Si (MEMS) technology (scalability, large production)
ner " |
' ‘ Harvesgtiyng (((l.y)) o, electrical conductivity 1T1 Tz
' _— _ K, thermal conductivity l » AT develops laterally between the bulk Si and
Mechanical - Al A
| S, Seebeck coefficient . ~ theinner of the membrane
Finite charge Solar : T, temperature [7- -w
. . Powering loT
Toxic materials - T T T T
Replacement challenge 10-100 mW/cm s O

E«o’o
o et

Electrical tests:

IV characterization of metal layers and
Nb:STO with van der Pauw and Kelvin
test structures

1.3 0/o
R_ Nb:STO 52 +/-3 kQ/O
T EEIBgON 1.9 +/- 0,2 kQ

400 600 200 400 Thermal characterization - 3w-Volklein measurement
1.21-102 2.56-102 6.4-103 1.69-10>

e e o et s e . Current Reference chip Chip with Nb:STO | |
’ ) —=— Reference
® 1 ——STO
Power ///
20
. o . AW, 20 /
The fabrication of the chips is completed in two 2 phases .
Resistance 290 300 310
Wafer scale fabrication N, 20 Temperature (K)
| e o
2-side polished : Thermal oxidation Patterning of Micromachining Voltage : @ 300K
Si wafer Boron doping +Si3N4 LPCVD  membrane window  (KOH etching) MMV, 3 m -1.¢-1
o/a 25,5 nm Kimem)= 1,378 W-m*-K
! o CTTEEECT CTTEENC T CTTEET VoS N\ 1k 757 pm 689 um K(sto(2snm)= 3,118 W-m=-K"
i G = Contact dlstance 3500 pum 3500 pum
I B - m | Sl ATZO)
M doped-Si in2w
.SiO2 (Thermal) o
Si;N,, Output and Seebeck coefficient (S)
BNb:STO : w ” IS 1120
M SiO, (PECVD) Devices tested in “test mode : . _
e % \\
115
Chip scale fabrication | 2N [
Nb:STO Patterning . Patterning bias Patterning of Micromachining 16174-1 DO- - 10 >
deposition (PLD) Nb:STO Interlevel 5102 windows metal contacts (KOH etching) L L —05mA AT~8° : g
— |,,:t::= 1 mA, AT = 40 °C \ ]
learer= 1.5 MA, AT = 100 °C ) 5
| \ | | \ o

| (LA)

@ AT ~ 100°C
Puax = 18 nW (1.1 nW/cm?)
Seebeck ~ 155 pV/K

’0‘0 ’0‘0
&,’,: References Sost

S.S. Sharma, and A. Manthiram, “Towards more environmentally and socially responsible batteries”, Energy - The deposition and patterning Nb:STO thin films has

Environ. Sci., 2020, 13, 4087 o _ been made compatible with Si (MEMS) technologies.
Q. Zhang, et al. , “Micro-thermoelectric devices”, Nature Electronics, 2022, 5, 333-347. . : . :
- Different chips have been designed and fabricated to

A. Rodriguez-Iglesias et al., “Heat sink implementation on micro-thermoelectric generators (LTEGs) for power T -
enhancement”, 18th European Conference on Thermoeletrics, Barcelona (Spain), 2022. test the characteristics of the Nb:STO thin films for
G. J. Snyder, and E. S. Toberer, “Complex thermoelectric materials”, Nature Materials, 2008, 7, 105-114. thermal harvesting.

- Full characterization of optimised Nb:STO thin films

% are ongoing.
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