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Abstract. New materials and technologies for large scale IR arrays, readouts for them and
several principal trends of IR large scale array detectors development as well as their applica-
tions in different weather conditions are briefly discussed. Uncooled arrays should be much
more widespread both for civilian and military applications. Another trend is previewed in
enhanced capability readouts. For military and space applications, e.g., for satellites observa-
tion, surveillance and reconnaissance in near future high performance mercury-cadmium-
telluride (MCT) based detectors hardly can be replaced for two main atmospheric transpa-
rency regions, 3 to 5 and 8 to 14 microns. Because of similarity of technological operations
MCT large scale arrays for 1 to 3 microns applications can become even more preferable
compared to III-V detectors.
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1. Introduction

The characteristic feature of the scientific-technical
progress up to date is that the technical potential of the
developed countries is characterized by the scientific-re-
search sphere of activity, which is defined by close con-
nections of scientific-technological investigations and
elaboration for military, scientific and civilian purposes,
which is frequently called «dual technology applicationsy.
To technologies of dual applications belong and infrared
(IR) microphotoelectronic technologies which drive at the
moment to a large degree a scientific-technological poten-
tial of developed countries.

One should point out the growing utilization in the lat-
est time of IR technologies of «dual applications» in civil-
ian sphere at the expense of new materials and technolo-
gies, and also due to noticeable price decrease of these
high cost technologies. Demands to the use of these tech-
nologies are quickly growing which are due to their effec-
tive applications, e.g., in global monitoring of environmen-
tal pollution and climate changes, longtime prognoses of
agriculture crop yield, chemical process monitoring, Fourier
transform IR spectroscopy, IR astronomy, car driving, etc.
IR imaging in medical diagnostics is another important ex-
ample of IR technologies (see, e.g.,[1,2]). The combination
of high sensitivity and passive operation of IR systems is
also leading to many commercial uses.
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Satisfaction of these, and especially, military de-
mands, is based now on utilization, in the first place,
large scale arrays for different spectral ranges. These
detectors can not operate without different type signal
processing electronics (readout devices) in the focal plane
to provide charge-to-voltage conversion, integration, am-
plification, multiplexing, etc.

Traditionally, IR technologies were connected with con-
trolling functions and night vision problems with earlier
applications connected simply with detection of IR radia-
tion, and later by forming IR images from temperature and
emissivity differences. And up to now majority of develop-
ments in this direction are concentrated on military sys-
tems. For example, one can mention systems for recogni-
tion and surveillance, tank IR sight systems, anti-tank mis-
siles, air-air missiles, etc.

Nowadays, along with other technical advances, IR tech-
nologies are fast progressing, in spite of the fact that they
are high cost technologies as yet, and even for many mili-
tary and most of civilian applications the high cost, weight
and size of previous generation systems have limited their
deployment.

IR technologies belong to the so-called «high level tech-
nologies» and can be initiated successfully only in highly
developed countries as they need for their design and pro-
duction several important conditions: presence of highly
qualified specialists in various spheres, developed scien-
tific and industrial base, education system, and some others.
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2. Short history and remarks

Observing a history of the development of the IR detector
technology, and taking into account that a high percentage
of condensed matter effects fall in the range of about 0.1+1 eV
and even lower energies, a simple theorem can be stated
[3]: «All physical phenomena in the range of about 0.1+1 eV
can be proposed for IR detector».

Among these effects are: thermoelectric power (thermo-
couples), gas expansion (Golay cells), pyroelectricity
(pyroelectric detectors), photon drag effect (e.g., low tem-
perature long wavelength InSb free carriers detectors),
Josephson effect (Josephson junctions, SQUIDs), internal
emission (PtSi Schottky barrier detectors) fundamental ab-
sorption (intrinsic photodetectors), impurity absorption
(extrinsic photodetectors), electron confinement
(superlattice (SL) and quantum well (QW) detectors), dif-
ferent type of phase transitions, etc.

Data given in Fig.1 show the approximate chronology
of the most widespread semiconductor detectors. In Fig. 1
shown are the detectors for three main atmospheric trans-
parency windows: 1.5 to 2.5 microns (short wavelength IR
(SWIR)), 3 to 5 microns (medium wavelength IR (MWIR)),
and 8 to 14 microns (long wavelength IR (LWIR)), which are
the most actual from the standpoint of both civilian and
military applications: reconnaissance, recognition and sur-
veillance, space applications, communications, agriculture
monitoring, meteorological studies, astronomy applications,
tank IR sight systems, target recognition, etc. Foralot of IR
imaging applications the last two spectral bands are of pri-
mary importance, since the atmospheric transmission is high-
est in these bands and the emissivity maximum of the ob-
jects at 7=300 K is at wavelength A = 10 micron.

However 3 to 5 and 8 to 14 microns spectral bands differ
substantially with respect to background flux, scene char-
acteristics, temperature contrast, atmospheric transmission
under diverse weather conditions, and some other param-
eters. Anideal IR system require dual spectral band opera-
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Fig. 1. Development of semiconductor IR detectors. Here «x» de-
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tion, as it allows, to discriminate the targets, measure
temperature of the objects, etc. Factors which favor
MWIR applications are higher contrast obtainability,
superior clear weather performance (favorable weather
conditions, e.g., in most countries of Asia and Africa),
higher transmittivity in high humidity, higher resolution
due to smaller optical diffraction. For example, at 4 mi-
cron wavelength a diffraction limited optical spot (Airy
disk) is about 10 microns for f/1 optics and 3 times larger
for 12 microns spectral band.

Factors which favor LWIR applications are better per-
formance in fog and dust conditions, winter haze (typical
weather conditions, e.g., in West Europe, North USA,
Canada), higher immunity to atmospheric instabilities, re-
duced sensitivity to solar glints, fire flares, and some oth-
ers. Possibility to get higher signal-to-noise ratio due to
greater radiance levels is not persuasive because of the
background photon fluxes are higher the same, and also
because of readout limitation possibilities. In this spectral
band the temperature contrast resolved is lower than for 3
to 5 microns spectral band but it is similar for day and night
time conditions. And for 8 to 14 microns spectral band, the
temperature of the targets to be detected and observed is
sufficiently lower compared to 3 to 5 microns region, and in
the last case difference in target/background metrics can
be substantial.

3. Infrared detectors

IR detectors convert IR photons to electrical signals. IR
applications require a wide range of specific types of IR
detectors in order to meet system needs. And totally there
were proposed a lot of solutions for IR detectors.

However, two families of;, first of all, multielement detec-
tors now can be considered for principal military and civil-
ian IR applications to meet the present-day and near future
system needs: one used for scanning systems and the other
one used for staring systems.

The simplest scanning linear focal plane array (FPA)
consists of a row of detectors (Fig. 2a). An image is gener-
ated by scanning the scene across the strip using, as a rule,
amechanical scanner. And at standard video frame rates, at
each pixel (detector) a short integration time has applied
and the total charge is accommodated.

A staring array is a two-dimensional array of detector
pixels (Fig. 2b) which are scanned electronically. These
types of arrays can provide enhanced sensitivity and gain
in camera weight. Theoretically, in these arrays, charge can
be integrated for the full frame time, but because of restric-
tions of charge-handling capacity of the read-out cells, it is
much less compared to the frame time, especially for long
wavelength IR (LWIR) detectors for which background
photons flux exceed the useful signals by orders.

The scanning system which does not include
multiplexing function in the focal plane belongs to so-called
first generation scanning systems. The typical example of
this kind of detectors are linear photoconductive arrays
(PbS, PbSe, HgCdTe, etc.) with preamplifiers in each chan-
nel, as a rule, out of the cooling zone (or multiplexer out of
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Fig. 2. Scanning focal plane array (a) and starting focal plane array
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the FPA plane). These kinds of detectors are still widely
used (e.g., tank sight systems, missile seekers, etc.).

When multiplexed (readout electronics) scanned
photodetector linear array with, as a rule, time delay and
integration (TDI) function in use, the system belongs to
the so-called second generation system. The typical exam-
ples of the second generation arrays are SOFRADIR MCT
multilinear 288%4 array both for 3 to 5 and 8 to 10.5 micron
bands [4,5] with signal processing in the focal plane
(photocurrent integration, skimming, partitioning, time de-
lay and integration (TDI) function, output preamplification
and some others).

And the third generation system includes multiplexed
staring arrays. Based on second generation IR detectors,
staring systems are developed now with high rate both for
3 to Sand 8 to 12 micron spectral region, and include, e.g.,
pixel deselection, antiblooming on each pixel, subframe
imaging, output preamplification, and some other functions.

In order that IR technologies become a widespread rea-
lity, taking into account cost, weight and size of such sys-
tems, the key questions are connected with high perform-
ance IR cameras supplied with large scale detector arrays
and operating at temperatures which are compatible with
long life low cost coolers, or, better, without any cooler.
Not all IR detectors are good candidates for large scale
arrays, which for these aims should operate with low
power readouts. And only detectors with high impedance
can be used in such kind of arrays. Such requirements
restrict to rather narrow circle of possible detectors.

Today, it seems, one can select only several principal
trends of IR large scale array detectors development. Among
them mercury-cadmium-telluride (MCT) based arrays for
MWIR and LWIR applications both military and civilian,
uncooled integrated thermal imaging sensors for LWIR
mainly civilian application (e.g., helmet mounted fire-figh-
ter’s imaging cameras, car driving aids), and for some type
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of military ones (personal surveillance sensors, airborne
driving aids, weapon sighting systems, etc.), photovoltaic
Schottky barrier detectors, and for some special applica-
tions, perhaps the quantum well infrared photodetector
(QWIP) arrays (see, e.g., Refs [6,7]). For LWIR applications,
especially at low background flux conditions, the most popu-
lar photoconductive material system is doped extrinsic sili-
con (the most advanced among them are Si:As and Si:Ga).
These detectors still require serious cooling conditions
(about 20 to 30 K, see, e.g., [8]). As to SWIR detectors,
which can find two main types of applications, namely:
space applications with earth observation and advanced
optical communications, there can be used some quater-
nary III-V alloys, but because of some mismatch-induced
defects these are ranged now in 1.8 micron cut-off wave-
length region. For instance, InGaAs exhibits high perform-
ance for material with composition matched to InP substrate
(cut-off wavelength is close to 1.7 pm) but its performance
decreased substantially for longer wavelength region [9,10].

Now the time of rebirth of uncooled sensor technology
seems to have come. It has accelerated rapidly in the past
decade. The new features which favor the interest of this
type detectors rebirth are connected with higher perform-
ance, electronics integration, and enhanced signal process-
ing which generates new application areas. New character-
istics of uncooled arrays are based, first of all, on novel
levels of electronic technology applied to their fabrication.
But because of thermal character of their performance, even
the smallest size detectors, can not overcome rather moder-
ate detectivity level, which is still, at least, an order lower
compared to cooled detectors for the same spectral band
(as a rule, 8 to 14 um). Also, these detectors are rather
«slow» (time constant, as a rule, is about 10-100 ms). How-
ever, new phase of uncooled detectors is characterized
by new ideas and possibilities for thermal detector arrays
operating near the theoretical limit (see, e.g., [11,12]).

The technology advances in uncooled IR arrays have
generated a number of new applications. Some previously
seen areas only for cooled arrays now are being considered
for uncooled detector arrays, too. Among new applications
there are, e.g., helmet mounted sensors, sensors for robot-
ics, driver’s thermal imaging viewers, etc.

Rather large number of materials are good candidates
for fabricating uncooled FPAs. But regardless of the mate-
rial type, the integration of new material should require the
following issues [11]: compatibility with standard silicon
processing, low one-over f (1/f) noise, thin film deposition
technology with minimum stress, stability of operating point,
uniform large area deposition, low power bias.

There are a lot of different phenomena and materials
proposed mainly in last decade for uncooled arrays:
thermoresistance, thermoelectric power, pyroelectricity and
ferroelectricity, electronic stress in metal-semiconductor
interface, etc.

The thermal detectors class includes thermistor
bolometers, pyroelectric and ferroelectric detectors, ther-
mopiles, and microcantilever sensors.

One of the commonly used materials is vanadium di-
oxide, which has of 2-3% responsivity change in resist-
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ance with temperature (operation at phase transition
point), ferroelectric ceramics (with transitions from
ferroelectric to paraelectric close to ambient tempera-
ture), metallic films, amorphous silicon, barium stron-
tium titanate, lead scandium titanate, lead scandium
tantalate.

But if the cooling system is a drawback for cooled
arrays, for uncooled arrays severe demands are tempera-
ture stabilization requirements (see, €.g., [13]), which in-
creases the complexity and power dissipation of an
uncooled systems. Since uncooled imaging efforts are to
produce compact, low cost systems, temperature
stabilization problem will eventually become the impor-
tant one.

For military and space applications, e.g., for satellites
observation, surveillance and reconnaissance in near fu-
ture, high performance MCT based detectors hardly can be
replaced for two main atmospheric transparency regions, 3
to 5and 8 to 14 microns. Because of similarity of techno-
logical operations, MCT large scale arrays for 1 to 3 mi-
crons applications can become even preferable compared
to ITI-V detectors [14].

MCT semiconductor material is unique since, as a ter-
nary compound, its composition can be tuned to detect IR
emission over a range from 2 and 20 microns (chemical com-
position from x = 0.52 to x =0.19). And for these detectors
almost the same technologies are used without any dupli-
cation of used equipment. This material can be applied in
both the photoconductive (PC) and photovoltaic (PV) modes
to produce different kinds of detector arrays that satisfy a
wide range of system requirements. Because Hg; ,Cd,Te
material is intrinsically doped, one of the main advantages
of this material is its ability to operate at high temperatures
with respect to other candidate materials and therefore to
reduce the cooling constraints (size, cost, power consump-
tion, etc.) [15].

Schottky-barrier emissive detectors are the most ma-
ture for large monolitic FPAs (see, e.g., [16]). For Schottky-
barrier IR detectors there are five silicides known: platinum
silicide (PtSi), iridium silicide (IrSi), nickel silicide (NiSi),
palladium silicide (Pd,Si), and cobalt silicide (Co,Si). The
important advantages of the Schottky barrier IR FPAs are
monolitic construction with standard LSI processing and
high uniformity of characteristics, high producibility that is
limited only by SI readout circuits. The drawbacks which
limit their wide applications are low quantum efficiency
n (for PtSin <0.1 % at A >4 um, the cutoff wavelength is at
A = 5 um), and because of rather large internal
photoemission dark currents these detectors require cool-
ing below 77 K. These arrays can be produced in large
formats [17].

Various type QWIP structures from chemically stable
wide band-gap systems were proposed (see, e.g., [6,7]) as
low-cost alternatives to MCT LWIR detectors. The most
widely proposed is photoconductive GaAs/AlGaAs QWIP
in which the detection of IR radiation is realized via
intersubband or bound-to-extended state transitions within
the multiple QW (MQW). Because of maturity of techno-
logy these detectors are promising due to high yield and
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uniformity of the pixel parameters. The wavelength of
the peak response can be adjusted by changing both chemi-
cal composition and thickness of the wells. But there are
several drawbacks in n-type GaAs/AlGaAs QWIPs which
limit their applications: (i) due to polarization selection
rules the electric field component of the electromagnetic
wave should ensured along the MQW axis and special
technological operations are necessary to do that; (ii) the
QWIP detector spectral response is narrow band (Al// is,
as a rule, less than 20%); low quantum efficiency (less as
a rule than 10%); the performance of QWIP is princi-
pally inferior to those of HgCdTe or related
photodetectors at T =40 K within the same spectral band
because of similarity nature of absorption to extrinsic
detector.

4. Signal processing (read-out) electronics

IR FPA sizes have consistently increased due to advances
in detector and complementary metal-oxide-semiconductor
(CMOS) multiplexer technologies, as well as hybridization
and packaging technologies. Charge coupled devices (CCD)
technology is used now for not very large scale arrays
[18,19], and their technology is more complicated compared
to the CMOS technology production line. For all second
and third generations arrays the signal processing elec-
tronics is an integral part of the sensor design. For uncooled
FPAs, signal processing electronics plays even more criti-
cal part in sensor performance compared to cryogenically
cooled FPAs.

Up to date high performance IR imaging basically in-
clude focal plane arrays (FPAs) with multielement scanning
linear (or multilinear) and staring two-dimensional matrix of
PV detectors cooled down to cryogenic temperatures with
asignal processor in the focal plane (see Fig. 3). The FPA
technologies mainly include two major technologies, hy-
brid and monolithic. The concept of the IR FPA hybrid tech-
nology is widespread as permits to optimize separately pa-
rameters of detector array with a large number of sensitive
elements and typically silicon readout device coupled with
detector array [19]. The major hybrid technology uses MCT

Incident radiation

Detector array

Indium bump
Interconnect

Fig. 3. Schematic illustration of starting array with signal processor
in the focal plane.
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PV detector chips and silicon CCD or CMOS chips for
readout and multiplexing the sensed charge from the de-
tectors; there are a lot of various design of interface but
really it is source coupling or gate coupling [18, 20, 21].
Important thing is that the number of transistors per unit
cell is between 2 and 7 in dependence on the circuit archi-
tecture, and most of these transistors perform analog func-
tions compared to the functions in digital circuits in, e.g.,
CPU chips. That puts on much more severe requirements
to the quality of read outs.

The performance requirements for IR FPAs are highly
varied with respect to wavelength region, background pho-
ton flux, operating temperature, dynamic range, noise,
readout rate, power dissipation, detector bias, and some
other parameters. IR FPAs are mainly clustered in the at-
mospheric window wavelengths 1-2.5, 3-5, 8-12 pm and in
dependence of the wavelength region applications are aimed
at T=250-300, 77-150, 20-90 K operating temperatures, re-
spectively.

The primary function of a read-out device for IR
arrays is to provide an IR detector charge-to-voltage con-
version, integration of the electrons generated in
photodetector, permition to perform some preliminary
treatment of the signals, e.g., skimming, partitioning, am-
plification and time multiplexing of signals from the detec-
tors in the array [22], to much less number of outputs
from, as a rule, cold zone. In the case of array used in
scanning mode, TDI function should be included to im-
prove the performance of the array. Present IR FPA for
8-12 pm spectral region due to large (at 7= 300 K)) back-
ground flux are facing the problem of large charge inte-
gration implying a large charge integration capacitor.
Thus, the background signal suppression should be used
and this function must be performed in a short time com-
pared with a total integration time.

One of the principal problems limiting the performance
of IR FPA deals with limited readout circuit charge handling
capacity. To extend the application range of IR imagers to
higher background fluxes, higher FPA operating tempera-
tures, higher cut-off wavelengths (A.,) the read-out inte-
grated circuits (ROIC) should suppress large useless cur-
rents (dark or background) compared to scene photon cur-
rents. This situation limits sensitivity and thermal resolu-
tion and imposes large constraints on the detector ROICs
in terms of dynamic range requirements.

To achieve the suppression of the useless currents prior
to CMOS or CCD multiplexing, several possible solutions
exist [23,24,25]. Among them are: reduction the incoming
photon flux by narrowing spectral band and field of view
(FOW) of the detector; reduction of integration time (at a
price of lower signal-to-noise ratio); oversampling (multi-
ple detector signal read-out during one sampling); design
various circuits (subframe readout, DC level subtraction,
antiblooming, charge partitioning, charge skimming, in-pixel
current memory cell, which enables PV direct current sup-
pression [25]), etc.

For operation, these circuits need the inverted bias to
be applied to detector. Thus, all the time the diodes should
be biased and one need to choose the proper point for
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better operation of the diode, namely, maximum imped-
ance, which is at the maximum of differential resistance.
Is this any difference for n*-p- or p*-n-type MCT diodes
as it was earlier shown that at zero bias the Ry4-product
is higher for second type diodes? The technology fabri-
cation of the read-outs has some differences for these two
cases because of need to use #- or p-channel MOS transis-
tors. As one can see from calculations of the diode cur-
rents [26] (see Fig. 4) really at zero bias the Ry4-product
can be much higher for p*-n-diodes compared to n*-p-
diodes. But for reverse-bias operation (as a rule V,, = 30
mV) the R4-product is the same for both types of the di-
odes because at these biases the trap-assisted (TAT) cur-
rent via the deep states in the gap dominates in MCT
diodes, and diffusion current, which is responsible for
difference of the resistance at U = 0, is small at reverse
bias.

5. Possible near-future trends

IR technologies still are high-cost technologies. Possible
near-future trends of IR technologies development are con-
nected with the pace of progress in three primary tech-
nologies [3]: (i) digital computing, both hardware and
software, (ii) display formats (the question which was not
discussed here), and (iii) communications bandwidth at
which digital data can be communicated, as now best
LWIR and MWIR arrays are almost background lim-
ited. Communication bandwidth is important for commu-
nication technologies in general, and communication
bandwidth restrictions will be overcome to a large degree
in the near future.

Digital computing limitations include processor through-
put, memory size, and software complexity. For LWIR arrays
they are connected with, e.g., with nonuniformity correc-
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Fig. 4. The RA product for p*-n-type Hg;_.Cd,Te diode (x = 0,226,
cutoff wavelength A,, = 10 um). Diamonds are experimental data
[26]. Solid curve are calculations for p*-n-type diode, and dashed
line are calculations for n*-p-type data [27].
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tions on a pixel-by-pixel level, which are required espe-
cially for LWIR arrays because of the contrast is typi-
cally very low for 300 K background flux. As the
nonuniformity corrections are performed, as a rule, in
software level, it is the subject of digital memory, proces-
sor throughput, and software coding limitations.

In spite of the huge achievements in readout chip sizes
and their preprocessor capabilities in the focal plane, they
are now an order lower compared to memory chip sizes as
the design rules for their design and production, as a rule,
are one generation older. But it should be pointed out that
most FPA transistors perform analog functions. In Fig. 5
[14] compared is the number of transistors in microproces-
sor and readout chips with pointed design rules. One should
anticipate that in the near future more preprocessing func-
tions will be brought into the focal plane readouts.

Best LWIR and MWIR detectors are almost now back-
ground limited and it is almost impossible to improve their
sensitivities. But readouts in LWIR arrays can utilize now
only about 1% of the available signal at f/1 optics and
T=300 K background, as compared to the background
flux signal, as unit cell capacitors are filling up in about
20 to 50 psec because of background signal influence,
while the frame times are about 20 msec. What are sup-
posed to happen is that readout capabilities will evolve
to utilize much more value of the signal, thus improving
LWIR FPA sensitivities.

But there are some other things which will restrict the IR
FPA capabilities principally. For example, one can hardly
imagine that IR wavelengths will change. This lead to very
important consequences: pixel size can not be significantly
reduced, unlike the size of DRAM memory cell, because of
a diffraction-limited optical spot. For a typical {/2.0 lens
at A = 10 um wavelength, the spot size is about 50 pum.
Currently, some typical LWIR arrays of 288x4 or

128x128 and 256x256 formats have = 25 pm pixel size.
For MWIR and SWIR arrays there can be a reduction of
the pixel sizes to about 20 to 10 pum.

Detectivity D* will not change, too, since statistical
fluctuations in the background photon flux provides a
fundamental limit to D*. Because MWIR and LWIR state
of the art of cooled arrays are now almost background
limited, again chip sizes need to grow for achieving bet-
ter performances.

Summary

It is impossible to preview what will happen, e.g., in 50
years. But analyzing the state of the art situation one can
suppose to look ahead of about 10 to 20 years. It seems that
uncooled arrays should be much more widespread both for
civilian and military applications. Another trend is pre-
viewed in enhanced capability readouts. The availability of
readouts and assosiated with them signal processing hard-
ware and software seem anticipated to appear in several
years.

For two main atmospheric transparency regions, 3 to 5 and
8to 14microns, and, perhaps, for 1 to 3 microns region, MCT
based FPAs in near future will be basic FPAs for military and
space applications, as this type of FPA is the only one to have
application in all wavelength regions using the same detector
material type. After a long gap between first- and second-
generation systems, military applications are again entering
production [27].

Multicolor FPA, though for broad spectral coverage
they need of use now different detector materials to com-
plete multicolor FPA, should find, e.g., space applica-
tion as they allow to measure the real temperature of the
objects.
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