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Nb;N; Microbolometer Terahertz Array Detection Chips

Tu Xuecou, Jia Xiaoqing, Kang Lin", Chen Jian, Wu Peiheng
Research Institute of Superconductor Electronics, School of Electronic Science and Engineering,

Nanjing University, Nanjing, Jiangsu 210093, China

Abstract The development of large-scale terahertz (THz) array detection chips is of great significance to the
promotion of related imaging and security applications. Because of the compatibility of THz microbolometer array
technology with readout circuits used for infrared camera, it is the first chip to realize terahertz camera and is
becoming the mainstream of THz camera. We have been devoted to the research of microbolometer array chips at
room temperature. The Nb; Ny microbolometer array device has attracted the attention of international academia and
industry due to its simple operation, high sensitivity, fast response and easy integration of ultra-large arrays. This
paper reviews and summarizes some key technical problems encountered in the design and fabrication of THz array
detection chips with Nb; Ny microbolometer, such as substrate interference effect, design of efficient coupling
structure, design of low-noise readout circuits, and packaging and integration of readout circuits. It provides a
reference for the design and fabrication of large-scale THz array detection chips.
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Fig. 1 Effect of substrate interference on voltage response of detectors. (a) Schematic of NbyN; microbolometer with

substrate cavity; (b) voltage response of the Nb;N; microbolometer THz detector with frequency when the

substrate cavity length is fixed. Dots represent relative voltage responses of the device while lines represent the

simulation results of the square of electric field intensity at the device location with substrate thickness of L =300,

440, 580, and 720 pm""
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Fig. 3 Nb; Ny microbolometer quasi-optical receiver with series structure. (a) Package of the quasi-optical detector, with

the microbolometer chip glued to the back side of the silicon lens; (b) Nb;Ns microbolometer consisting of three

microbridges, three connected resonant dipole antennas, and pads. The inset top picture shows SEM micrograph of

the Nb; Ny microbridge; (c) optical responsivity; (d) corresponding noise equivalent power
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Fig. 5 Nb;Ns microbolometer THz detector with a grating-coupled structure. (a) A cross-section SEM picture of the
grating groove; (b) SEM image of Nb; Ny THz array detectors; (c) schematic of the reflective grating-coupled
structure; (d) normalized voltage responsivity of the detector with the F-P cavity; (e) normalized voltage

responsivity of the detector with the reflective grating-coupled structure™!
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(¢) SEM image of detector after flip-chip; (d) SEM image of a microbolometer with an air bridge™"
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Fig. 9 Comparison of optical response and electrical performance of devices. (a) Optical voltage responses under a 2-pm

irradiation as a function of the bias current for samples A; (b) optical voltage responses under a 2-pum irradiation as

a function of the bias current for sample B; (c) I-V curves of the detectors measured at room temperature. The

insets show the inverse of the microbolometers’ resistances (1/R) as a function of 257
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