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ABSTRACT

DESIGN OF A FRONT-END ELECTRONICS AND USER
INTERFACE BOARD FOR A COMPACT THERMAL
IMAGER

Isik, Fatih
M.S., Deparment of Electrical and Electronics Engineering
Supervisor: Assoc. Prof. Dr. Cengiz Besikci

December 2002, 92 pages

Infrared imaging systems have found increasing usage in various military and
industrial branches. The analog front-end unit of an imager plays a considerable role
in determining the system performance. In this thesis, a 4-input, 20 MHz mixed-
signal front-end electronics board has been designed, implemented and tested by
taking all necessary design techniques into consideration to make a system limited by
the detector performance. The board functions including the analog processing of the
detector output, readout integrated circuit (ROIC) interfacing, analog to digital
conversion and user interface are controlled by a field programmable gate array. The
board is controllable by a PC through an RS232 port.

After the implementation and testing, the front end electronics board is
integrated with a video processing board and a detector/dewar assembly to form a
prototype thermal imager. The system is configured to support 128x128 focal plane

arrays. The maximum frame rate is 550 Hz for 128x128 focal plane arrays. The

Hi



system supports focal plane arrays up to a maximum format of 320x256 at 25 Hz
frame rate.

Under the worst conditions, the noise level of the board is less than 650 ¢,
and is comparable with that of a typical read-out integrated circuit (550 ¢) being
several times smaller than the noise level of a typical cooled longwavelength infrared
detector, which is about 4000 ¢". Under typical operating conditions, the noise level
of the front-end electronics board is less than 50 ¢, and the performance of the

system is limited by the ROIC and detector noise.

Keywords: Infrared Imaging, Focal Plane Array, Front-End Electronics
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KOMPAKT TERMAL GORUNTULEME SiSTEMI ICIN
DEDEKTOR ON ELEKTRONIGI VE KULLANICI
ARAYUZ KARTI TASARIMI

Isik, Fatih
Yiiksek Lisans, Elektrik ve Elektronik Miihendisligi Boliimii
Tez Yoneticisi: Dog. Dr. Cengiz Besgikci

Aralik 2002, 92 sayfa

Termal goriintiileme sistemleri, ¢esitli askeri ve endiistriyel dallarda giderek
artan bir sekilde kullamim alanlari bulmugtur. Bu sistemlerde kullanilan analog
Onarabirimler sistem performansim belirlemede Gnemli bir rol oynamaktadir. Bu
tezde, dedektér performansiyla sinirli bir sistem olusturabilmek igin gerekli tiim
tasarim teknikleri dikkate alinarak 4 girisli 20 MHz’te galigabilen karisik sinyalli bir
On elektronik kart1 tasarimlanmug, iiretilmis ve test edilmistir. Dedekt6r gikisinin
analog islenmesi, okuma devresi arayiizii, analog-sayisal g¢evirim ve kullanici
arayiiziinli iceren kart fonksiyonlann alan programlanabilir kap1 dizinleri entegre
devresi tarafindan gergeklestirilmektedir. Kart, RS232 portu iizerinden PC tarafindan
kontrol edilebilmektedir.

Gelistirme ve test asamalarindan sonra, 6n elektronik kart1 video isleme ve
dedektor/sogutucu birimi ile entegre edilerek prototip bir termal goriintiileme sistemi
olusturulmustur. Sistem, 128x128 dizinli odak diizlem dedektorler ile uyumlu olacak
sekilde yapilandinlmistir. Maksimum resim hizi 128x128 dizinli odak diizlem
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dedektorler igin 550 Hz’dir. Sistem, 25 resim/saniye lzda 320x256 formatina kadar
odak diizlem matrislerini desteklemektedir.

En kétii kogullarda, kartin giiriiltii seviyesi 650 e”dan kiigiiktiir ve tipik bir
okuma devresi gikis giiriiltii seviyesi (550 ¢") ile kargilagtirilabilir diizeyde olup, 4000
e olan tipik sogutmal: uzundalga kizil6tesi dedektér giiriiltii seviyesinden bir kag kat
diigik diizeydedir. Normal ¢alisma kosullarinda, &n-elektronik sistemi giiriiltii
seviyesi 50 e’dan kiigiiktiir ve sistem performansi okuma devresi ve dedektor

gliriiltiileri ile sinirldar.

Anahtar Kelimeler: Termal Goériintiileme, Odak Diizlem Dedektér Dizini, Dedektor
On-Arabirim Elektronigi
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CHAPTER1

INTRODUCTION

1.1 Overview

Infrared imaging provides the means to convert the infrared energy, which is
emitted from the objects and invisible to human eye, to electrical signals that may be
then processed to obtain thermal images. Different from the cameras used in visible
light, it is possible to get high contrast and detailed images using infrared cameras in

day, night and bad weather conditions due to the nature of infrared energy.

A basic infrared imaging system consists of many subsystems, each of which
processes information differently. They may create artifacts or variations in the
processed image that were not present in the original scene. Figure 1.1 illustrates five
major subsystems: optics for focusing the radiation onto the detectors, IR detectors
together with the readout integrated circuit (ROIC) for converting scene radiation
into a measurable electrical signal, front-end electronics unit for digitizing detector
output and producing necessary bias voltages with control signals for the detector,
image processing unit for image enhancement, and the output stage for either

displaying or storing.

Infrared
En:rrgey Optics [\v DetI::tor _| Front-End image |[NTSC| Mmonitor/
P M\l & ROIC " | Electronics Processing | ps | Memery

Figure 1.1: Block diagram of a basic infrared imaging system.



This thesis reports the development of a multi-functional front-end electronics
system for staring focal plane arrays (FPAs). Main tasks of this system include
detector bias voltage and control signal generation, analog processing and digitization
of detector output, and nonuniformity correction coefficient calculation. The
performance of the front-end electronics has significant effect on the overall system
performance, and inadequate quality of this block results in poor thermal images.
Careful design and component selection insures a system with focal plane array

limited performance [1].

1.2 Aims

This thesis work focuses on the design and implementation of a front-end
electronics system for a prototype thermal imaging system. The signals to the front-
end electronics system come from a 128x128 InSb focal plane array coupled to an
ROIC. The front-end electronics is designed to be compatible with the Indigo
Systems’ 980X series ROICs. The front-end electronics board is integrated with a
video processing and system control board [2] for real time thermal imaging. This
board generates timing signals for the detector, performs all image processing, and
generates video signals for monitoring the real time thermal video. The video
processing and system control board (VP_SC) has been implemented through another
M. Sc. Thesis [2]. The VP_SC uses the nonuniformity correction coefficients
calculated by the front-end electronics board to normalize the ROIC output. This
board also converts the processed digital data to analog, and sends it to the monitor
for display. A PC is used to control ROIC settings, to apply gain and offset for ROIC

output, and monitor FPA temperature output.

Main functions of the front-end electronics board include low-noise detector
bias, reference and control signal generation, buffering, offset and gain control,
clamping, differential driving, 12-bit digitization, FPA digital temperature
measurement, PC communication, and normalization coefficient calculation. Figure

1.2 illustrates the blocks of the front-end electronics board and interface of the board



with the other units. Figure 1.3 shows a picture of the front-end electronics system
board designed and implemented in this work.

Bias & Ref Transmit
Voltages ADC Communication g pC
Timing & Mg Receive
Detector Control |
Sionals | | apc | | Serial ADC o
Dewar -
e -
Assembly ADC FPGA Dig:ti-lb[';ata
Readout —
Output E 3
ADC . Vldeq
Timing | PTOCESSINg
“ Signals for &
_Analog +5V | DAC emory Readout | System
_Analog -5V, Control
Power | Analog +15V.
nput [ ey "I Analog components Control
-AnEed=IS%y | for ADC, bias generation || Signals |
Digital +5V | 1

Figure 1.2: Blocks and interface of the front-end electronics board.

Figurel.3: Front-end electronics board.



The front-end electronics system was tested prior to integration with image
processing board to ensure proper operation of board, and required flow of detector
output through each integrated circuit on the board was checked. After the board was
completely tested, it was integrated with the video processing and system control

board to perform real time thermal imaging.

1.3 Organization of the Thesis

This thesis is composed of seven chapters. Chapter 2 provides an overview of

the status of the infrared imaging technology.

Chapter 3 describes the readout integrated circuit (ROIC) by Indigo Systems
which was used with the 128x128 FPA to test the prototype thermal imaging system.

Chapter 4 contains detailed information on the front-end electronics system,
including the functions implemented and the hardware design. This chapter also
describes the normalization coefficient calculation algorithms applied to correct non-

uniformities of the FPA. Chapter 5 presents the simulation and testing of the board.

Chapter 6 focuses on the integration of the front-end electronics system with
the video processing and system control board, and testing the system. Finally,

Chapter 7 gives the conclusion and future work.



CHAPTER 2

INFRARED IMAGING SYSTEMS

2.1 Introduction

“Infra” is a prefix from the Latin meaning “below” or “beneath.” Hence,
infrared refers to the region beneath the red [3], lying between visible light and
microwave portions of the electromagnetic spectrum. That region of the spectrum is
also called as the heat region of the spectrum since objects radiate energy in the
infrared region when they are heated. All objects, even the ones below 273K such as

ice, radiate some energy in the infrared region.

Infrared radiation (IR) is a form of electromagnetic radiation, and it mainly
differs from the other forms of electromagnetic radiation such as visible light, radio
waves, and x-rays in its wavelength. Infrared region spans the 0.7 - 1000 pm region
of the electromagnetic spectrum. Figure 2.1 shows a portion of the electromagnetic
spectrum. Detection systems can not use the whole IR emission spectrum due to the
absorption of the radiation by water or carbon dioxide in the atmosphere. However, a

number of wavelength bands have good transmission, which are given below.

- The long wavelength IR (LWIR) band extends from 8 pm to 14 um, and 100 %
transmission can be realized on the 9 — 12 um band. Most of the terrestrial
objects have perfect visibility in the LWIR band.

- The medium wavelength IR (MWIR or MIR) band is in the 3.3 — 5.0 um portion
of the spectrum, and provides 100 % transmission. The ambient background



noise is lower than that of the LWIR.

- Visible and short wavelength IR (SWIR or near IR, NIR) in the 0.35 — 2.5 um
region has a high atmospheric transmission and peak solar transmission, so that
the IR detectors provide better clarity and resolution than LWIR or MWIR.
However, objects at 300K can not be visualized without ambient or artificially

introduced illumination in SWIR.

Wavelength

25 Apm
Lai

—

uv Visible Long Wavelength Far Infrared
’ & Infrared (LWIR)
Near Infrared  Short Wavelength Mid Wavelength Very Long Wavelength
(NIR) Infrared (SWIR) Infrared (MWIR) Infrared (VLWIR)

Figure 2.1 Electromagnetic Spectrum.

2.2 General Classification of IR Detectors

An infrared detector is used to convert the radiant energy in the infrared into a
measurable form [3]. Infrared detectors have a wide range of applications in the
military, scientific, industrial, medical, security, and automotive areas. They provide
the ability of seeing the objects in the dark or in the obscured visibility by detecting
the infrared energy emitted by objects different from the visible light imagers.
Thermal images are formed from the detected energy based upon the energy
differences between the objects so that an obscured object in visible light can be

visualized.

Two fundamental methods are used for IR detection: thermal and photon



detection. Both types respond to absorbed photons, but they use different response
mechanisms [4]. In thermal detection, the absorbed photons cause a temperature
change, and then a temperature-dependent property of the detector material is
measured. In photon detection, the absorbed photons directly generate free electrons
or holes. Most of the advanced IR imaging systems makes use of photon detectors
due to the ease in fabrication of large 2D focal plane arrays. However, they require
cooling to cyrogenic temperatures. Thermal-detection based infrared imaging
systems are uncooled and lower cost systems, but their performance is limited. Table

2.1 shows classification of infrared detectors and their subtypes based on their

detection mechanisms.
Table 2.1 Infrared detector types.
Photon Thermal

Photovoltaic Bolometer

Photoconductive Pyroelectric
Photoelectromagnetic Thermocouple
Phototransistor Pyromagnetic

Photon Drag Golay Cells
Quantum Counter Liquid Crystal

Infrared detectors are usually specified by the parameters of responsivity,
cutoff wavelength, and detectivity. Responsivity is the ratio of electrical output to
radiant input power. Cutoff wavelength is the longer of the two wavelengths at which
the responsivity of the detector is half of its maximum. Detectivity is the figure of

merit that takes responsivity, noise, and detector element size into account.

A number of formats are possible for the infrared detectors. Infrared detectors
are available as single element detectors, long linear arrays, or 2D focal plane arrays
[5]. Single element detectors can be in circular, rectangular, cruciform, and other
geometries. Linear and 2D arrays are fabricated with different device architectures.
Obtaining a thermal image from a single element detector or a long linear array

requires the use of a scanning mechanism across the focused object.






