Accepted Manuscript
Title: Self-compensating method for bolometer—based IR
focal plane arrays

Authors: Jan Pekarek, Roman Prokop, Vojtéch Svatos, Imrich
Gablech, Jaromir Hubalek, Pavel Neuzil

PII: S0924-4247(17)30673-8

DOI: http://dx.doi.org/doi:10.1016/j.sna.2017.08.025
Reference: SNA 10279

To appear in: Sensors and Actuators A

Received date: 26-4-2017

Revised date: 5-8-2017

Accepted date: 10-8-2017

Please cite this article as: Jan Pekarek, Roman Prokop, Vojtéch Svatos,
Imrich Gablech, Jaromir Hubdlek, Pavel Neuzil, Self-compensating method
for bolometer-based IR focal plane arrays, Sensors and Actuators: A
Physicalhttp://dx.doi.org/10.1016/j.sna.2017.08.025

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.


http://dx.doi.org/doi:10.1016/j.sna.2017.08.025
http://dx.doi.org/10.1016/j.sna.2017.08.025

Self-compensating method for
bolometer—based IR focal plane arrays

Jan Pekarek®, Roman Prokop®, Vojtéch Svatos®, Imrich GablechP, Jaromir Hubalek® and Pavel Neuzil*",

“Northwestern Polytechnical University, 127 West Youyi Road, 710072 Xi’an, Shaanxi, P.R. China
(email: pavel.neuzil@nwpu.edu.cn).

b Centre of SIX, Dept. of Microelectronics, FEEC, Brno University of Technology, Technicka 3058/10,
Cz-616 00 Brno, Czech Republic (e-mail: pekarek@feec.vutbr.cz; prokop@feec.vutbr.cz;
vojtech.svatos@ceitec.vutbr.cz; imrich.gablech@ceitec.vutbr.cz; hubalek@feec.vutbr.cz;
pavel.neuzil@ceitec.vutbr.cz).

Abstract

We present a self-compensating system for fixed pattern noise reduction (FPNR) of focal plane arrays
(FPAS) of infrared bolometer detectors. It is based on a first-order AX modulator serving as a non-saturating
signal integrator. The demonstrated method suppresses both the effect of bolometer resistance due to non-
uniformity across the FPA as well as the self-heating effect. The proposed system does not require any
external or internal feedback loop for FPNR. This approach can be also used for other applications where a
signal compensation is required.

Highlights
e First-order AX modulator serving as a non-saturating signal integrator
o The self-heating effect is rejected as the common mode
e =1000 x improvement in the readout amplitude of the bolometer signal
e System suitable for the ROIC for bolometer-based FPAS

Keywords
Bolometers, self-heating, infrared imaging, readout integrated circuit, sigma-delta modulation

I. INTRODUCTION

Infrared (IR) radiation in the wavelength range from 8 um tol14 um is used in many applications such as
astronomy, thermal scanning to search for people or animals, and recently very popular the preventive
maintenance of electrical appliances and monitoring the thermal isolation of buildings. The emission of IR
radiation can be detected by numerous methods. One of the early IR detectors was the Golay cell [1], where
the incident IR radiation heated a medium inside its cavity, thus increasing its pressure. A flexible membrane
expanded with the pressure and its expansion was monitored. It was an extremely sensitive IR detector, but
unsuitable for integration into an array necessary for IR imaging. Later on, there was developed a photon
detecting device based on large band gap semiconductors, such as HgCdTe [2]. This device is an excellent
imager, but it requires cooling by the liquid nitrogen. Bolometers comprise a thermally isolated membrane
integrated together with a temperature-sensitive device, most often a resistive temperature detector (RTD).
The membrane warms up due to the incident radiation and the corresponding temperature change is then
monitored. The first bolometer was developed in 1878 by astronomer S. P. Langley [3]. With the advent of
integrated circuit technology and microelectromechanical systems (MEMS), focal plane arrays (FPAS)
based on microbolometers were developed. The temperature sensing devices are typically RTDs composed
of material with a high temperature coefficient of resistance (TCR). The resistors are typically made of
metal, such as titanium [4], nickel [5], and platinum [6] or semiconductors, such as silicon, germanium [7],
and vanadium oxide [8, 9].
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