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Terahertz (THz) detector is one of the crucial components in the THz technologies. Recently, we 

reported an uncooled, all electrical driving and detecting, very sensitive thermometer using a GaAs doubly 

clamped microelectromechanical (MEMS) beam resonator for bolometer applications [1,2]. Fig. 1(a) shows 

schematic of the device. When the MEMS beam is heated by THz radiation, thermal expansion is induced 

in the MEMS beam and its resonance frequency decreases. The present device detects the frequency 

reduction induced by heating and works as a very sensitive thermometer. According to a simple theory, 

longer beams are expected to have higher thermal responsivities. However, we found that the measured 

responsivities of GaAs MEMS beam resonators deviates from theory due to initial deflection of the MEMS 

beams. 

In this work, we have introduced a preloaded tensile strain in the MEMS beams in order to reduce the 

initial deflection of the beam. We use a lattice mismatch between GaAs and GaAsP. Fig. 1(b) shows the 

wafer structure. We have prepared samples with doubly clamped MEMS beam resonators by using GaAs 

and strained GaAs1-xPx (x = 0.01) as the beam materials on GaAs substrates. Measured resonance 

frequencies of the samples of various beam lengths show a good agreement with theoretical expectation 

(Fig. 1(c)). This indicates that, by using the GaAsP beam structure, we have successfully applied a tensile 

strain in the MEMS beam. Fig. 1(d) shows the thermal responsivities of the samples. For the GaAs beams, 

the thermal responsivity deviates from theory for the beams longer than 150 m. On the other hand, 

thermal responsivity of the GaAsP samples keeps increasing with increasing beam length, indicating that, 

by introducing tensile strain, the initial deflection of the MEMS beam is efficiently suppressed and high 

responsivities can be realized. 

 
Fig.1 (a) Schematic of MEMS resonator as THz bolometer. (b) The wafer structure of an GaAs1-xPx MEMS resonator.  

(c) Resonance frequency and (d) responsivity as function of the beam length. Dots: experiment data, lines: theory. 

 

Ref. [1] Y. Zhang, Y. Watanabe, S. Hosono, N. Nagai, K. Hirakawa, Appl. Phys. Lett. 108, 163503 (2016). 

[2] Y. Zhang, S. Hosono, N. Nagai, SH Song, K. Hirakawa, J. Appl. Phys. 125(15), 151602 (2019). 
 

第80回応用物理学会秋季学術講演会 講演予稿集 (2019 北海道大学 札幌キャンパス)20p-E206-7 

© 2019年 応用物理学会 03-531 3.9


