
Snapshot: Mooney describes the quest for 

a high-temperature infrared imaging 

device and shows how platinum silicide 

complements 

charge-coupled devices 

in achieving that end. 

by Jon Mooney 

Historically, night time was the criminal's friend. Night shadows offered a 
haven from the watchful eye of the law. Now, with the modern technology of 
infrared thermal imaging, police can see in the dark, making the haven of 
darkness a thing of the past. In a similar vein, the delays in commercial air

line schedules caused by foul weather may also be a thing of the past, again due to the 
modern technology of infrared thermal imaging. It is even possible that your future 
car will be equipped with an infrared thermal imaging system to warn of hazards 
beyond the headlamps' reach. These dazzling feats of near-magic are possible due to 
the rapid evolution of infrared detector materials and the unique information avail
able from thermal imagery. 

Thermal imagery is different from visible imagery in that the amount of thermal 
'light' emitted by an object depends on its temperature; the hotter the object, the 
brighter it will be. For example: even in the darkest shadows, the heat of the crimi
nal's body is easily spotted with an infrared camera. Another unique feature of ther
mal imagery is its ability to see through haze that can severely limit visibility. Poor 
weather landing is made possible since fog and clouds are more transparent to some 
wavelengths of infrared 'light' than to visible light. 
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The cameras used to obtain infrared images are simi
lar to visible video cameras; however, infrared imagers 
have a semiconductor detector array sensitive to infrared 
radiation rather than the standard detector array that is 
light sensitive. Other unique features of infrared video 
cameras are that the optics are usually made of silicon 
and germanium, which are 
opaque in the visible, and the 
inside of an infrared camera is 
usually cold (77 K), since cold 
is analogous to the black 
inside of visible cameras. 

An infrared debate 
The detector array consists of 
an infrared detector that con
verts the infrared image to an 
electrical signal, and a multi
plexer to read out the electri
cal signal. There are a large 
number of infrared detector 
materials, and a large number 
of multiplexer technologies. 
The optimal detector materi
al/multiplexer technology 
combination has proven to be 
a contentious issue in the 
infrared community. 

Researchers in this field 
can be lumped into three 
groups. Some in the infrared 
community emphasize the 
efficiency with which photons 
are converted to electrons, 
since higher efficiency leads 
to higher pixel output. Others 
in the community emphasize 
removing the low operating 
temperature requirement, 
since a high operating tem
perature reduces imager cost. 
A third group emphasizes the 
uniformity of the detector 
material from detector to 
detector. To understand this last group's point of view, 
we need to understand more about infrared imagery 
and how it differs from visible imagery. 

In visible imagery, objects reflect the light emitted 
by light bulbs or the sun; the objects themselves emit 
virtually no visible light.Typical visible scenes have a 
moderate average intensity with high contrast details. 

In infrared imagery, each and 
every object emits its own 
infrared radiation based on its 
temperature. Since almost 
every object in a given scene is 
at about the same tempera
ture, typical infrared scenes 
have a large average intensity 
with low contrast details. 

Our last group of researchers point out that if the 
detector array responsivity varies from pixel to pixel, 
the large average infrared image intensity will be mod
ulated by the pixel-to-pixel responsivity nonuniformi
ty, and hide the low contrast image details. The pixel 
nonuniformities adversely affect imager performance. 

Consider a pilot using an 
infrared imager to see 
through fog at landing. To 
ensure a safe landing, he 
should see the runway from as 
far away as possible. Under 
optimal conditions, his first 
view of the runway will be 
low contrast, but visible 
against the uniform back
ground of the fog. If the 
pixel-to-pixel variations in 
imager response are large, the 
fog will not appear uniform, 
but will reflect the imager 
pixel-to-pixel variations. The 
variations will mask the subtle 
details of the runway, and the 
pilot will be forced to fly clos
er to the runway before he can 
recognize it. 

CCDs in infrared imaging 
Although uniformity is largely 
a detector material considera
tion, it does influence the 
choice of multiplexer. CCDs, 
we shall see, are the multiplex
er of choice for those who 
emphasize uniformity. The 
role of CCDs in infrared imag
ing is similar to that in visible 
imaging: to transport the ana
log signal from the focal plane 
of the camera to electronic 
processing circuitry. The CCD 
stores the signal from each 
pixel as a collection of elec

trons; brighter infrared features are represented by 
more electrons. The electrons from each pixel are held 
in a potential well (electronic bucket in which electrons 
are stored) separate from the electrons of other pixels. 
Voltage pulses are used to shift the potential wells 
across the multiplexer towards the conversion node. At 
the conversion node, the electrical charge is converted 
to a voltage. This voltage is the output of the CCD; it is 
the signal processed by subsequent electronics and con
verted to an video image. 

Infrared imaging is, in many ways, the most 
demanding imaging application of CCDs. The number 
of electrons generated by the infrared detector can be 
much greater than the capacity of the CCD; CCDs do 
not operate well at the low temperatures required by 
infrared detector materials; and CCDs cannot hold a 

Figure 1. The two figures above illustrate the effect of 
focal plane array nonuniformities on the performance of an 
infrared camera. In both pictures, the camera is observing 
a series of four-bar test patterns. In the top picture, the 
array nonuniformities obscure the four-bar test patterns to 
the point that they are not visible. In the bottom picture, 
the array nonuniformities have been computer corrected, 
and the test patterns are clearly visible. Control of the 
array nonuniformities in infrared imagery is vitally impor
tant to infrared camera performance. 

Glossary 
Quantum efficiency: The ratio of the 
number of collectible electrons to the num
ber of incident photons. 

Staring infrared video camera: A video 
camera that uses a 2 - dimensional detector 
array and has no moving parts. 
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constant bias across a detector as many detector materi
als require. Competing multiplexer technologies con
sume less power and do not have the charge transfer 
efficiency problems inherent in CCDs. Given this list, 
the reader might wonder why anyone would consider 
CCDs for infrared imaging.The 
advantage CCDs have over 
competing technologies is that 
the charge accumulated by 
each and every pixel is convert
ed to a voltage at a single node. 
The importance of a single 
conversion node becomes clear 
when we consider that multiple 
conversion nodes are a source 
of pixel nonuniformity, and 
recall the importance of pixel 
nonuniformity in image per
formance. Since CCDs can 
have only one conversion node, 
they minimize the multiplexer-
induced nonuniformity. 

Detector material compatibility 
with CCDs 
The infrared image quality 
debate has fostered the devel
opment of a myriad of detec
tor material variations. Many 
require constant bias operation 
and are therefore incompatible 
with CCDs, and others have 
bias currents that are too large 
for CCDs to handle. For one 
reason or another, only plat
inum silicide (PtSi) is compati
ble with CCD operation. 

PtSi suffers from low quan
tum efficiency (about 1%) (for 
a definition of this and other 
terms, see glossary, p. 30); how
ever, due to its well-behaved 
uniformity, PtSi was the first 
detector material to be success
fully demonstrated in a staring 
infrared video camera. Low 
quantum efficiency means that 
PtSi performance will never 
reach the theoretical limit of 
performance, but its excellent 
uniformity means that PtSi based imagers are not limited 
by pixel nonuniformities which limit other detector tech
nologies. 

It is perhaps merely a coincidence, but it could be 
divine intervention that the uniformity and low quan
tum efficiency of PtSi infrared detectors are extraordi
narily well matched to CCD multiplexers. If PtSi had to 
be operated any colder, if the signal from a typical 
infrared scene were much larger, or if the uniformity of 

PtSi were poorer, then there would be no detector 
material compatible with CCDs, and they would have 
only a small role in infrared imaging. However, PtSi 
infrared CCDs offer both low cost and high perfor
mance, and are one of the most widely used of all 

infrared focal plane array tech
nologies. 

The future of CCDs in infrared 
imaging 
The reader has probably sur
mised that the future of CCDs 
in infrared imaging is closely 
linked to that of PtSi. While 
the uniformity of both PtSi 
and CCDs indicate a bright 
infrared future for CCDs, two 
factors conspire against it: 
their low operating tempera
ture, and their low efficiency. 
Low operating temperature 
adds expense to imager cost, 
since cryogenic refrigerators 
are needed to reach the 
required operating tempera
ture. Low efficiency means the 
performance of PtSi IR CCDs 
can never reach the theoretical 
performance limit. 

The recent introduction of 
relatively low performance 
uncooled infrared detectors 
highlights the significance of 
the cost of refrigerators in 
infrared imaging. These 
uncooled infrared cameras 
give very respectable infrared 
imagery without the expense 
of a refrigerator. However, 
recent reductions in the cost of 
refrigerators and the superior 
performance of the cooled 
detector technologies have 
kept refrigerated imagers com
petitive. 

The future of PtSi IR CCDs 
is under siege by both high 
efficiency and uncooled 
infrared imaging technologies. 
These three radically different 

solutions to the infrared imaging problem, mentioned 
earlier, illustrate the complex tradeoffs made to achieve 
high quality imagery at the lowest possible price. The 
hidden unresolved issue is what quality of imagery 
consumers require, and how much they are willing to 
pay for it. 

Jon Mooney is an electrical engineer at Rome Laboratory, Hanscom Air 
Force Base in Mass. 

Figure 2. Infrared (left) and visible (right) images of an 
airport runway in the presence of heavy fog. The details 
of the runway are apparent in the infrared image, while 
they are almost completely obscured by the fog in the 
visible image. Since the fog is much more transparent in 
the infrared, IR imagery can be used to extend the condi
tions under which safe landing is possible. 

Figure 3. This infrared image of the author's son (at the 
age of five weeks) illustrates many of the salient features 
of infrared imagery. Visible features such as eye color or 
flesh tone are not present, while thermal features such 
as his hot bald pate, cold hands, and cold cheeks are 
evident. 
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