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IR imaging using uncooled microcantilever detectors
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Abstract

Uncooled bimaterial microcantilever detectors were fabricated and used to obtain infrared (IR) images of objects at

temperatures ranging from room temperature to a few hundred �C. Images were obtained using both single

50mm� 50mm microcantilever IR detectors and arrays of microcantilever detectors. Thermal radiation from the target

object was imaged onto the detector and the resulting temperature change caused microcantilever bending due to the

bimaterial effect. This micromechanical bending was measured using two different non-contact optical readout

techniques and IR images were obtained. A smaller size (20 mm� 20mm) microcantilever IR detector was also used to

capture IR images of near room temperature objects.

r 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction

The detection and imaging of thermal infrared
(IR) radiation has many commercial, industrial,
medical, and military applications [1–3]. Limiting
factors to present day IR imaging have been the
high cost of IR cameras and the high power
consumption required for detector cooling and
readout electronics [4–11]. Our present work is
aimed to overcome these limitations by developing
simple, low cost uncooled microcantilever detector
arrays with a low power non-contact optical
readout [12, 13]. The microcantilever detector

arrays we developed for uncooled IR imaging
can be fabricated using standard semiconductor
processing technology and require no electrical
connections or onboard electronics.

The individual microcantilever detectors in an
imaging array bend in response to incident IR
radiation due to the bimaterial effect [13–17]. As
the temperature of the bimaterial structure
changes, the lengths of the two layers change by
different amounts and the resulting stress causes
the structure to bend [18]. Earlier work has shown
that microcantilever bending can readily be
determined by a number of means, including
optical, capacitive, piezoresistive, and electron
tunneling with extremely high sensitivity [19–21].
For example, the metal-coated microcanti-
levers that are commonly employed in atomic
force microscopy (AFM) allow sub-Angstrom
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(o10�10m) sensitivity to be routinely obtained
[20, 21].

In our present work, the microcantilever bend-
ing due to IR absorption is observed by a
non-contact optical readout technique. For our
experiments, two different non-contact readout
techniques were employed. One technique, termed
the ‘‘quad-cell readout’’, uses an approach similar
to that used in conventional AFM and is useful for
measuring the bending of single detectors. The
second technique, termed the ‘‘CCD readout’’,
uses a read laser and charged coupled device (CCD)
camera (or a CMOS camera) to record images either
of a single IR detector or of an array of IR
detectors. Processing of the images captured by the
CCD camera allows us to determine the bending of
individual microcantilever.

2. Fabrication

During the initial steps in our design and
investigation of microcantilever IR detectors, a
single element detector is easier to fabricate,
modify, and test. For this reason, single cantilever
detectors of a particular geometry and material
combination are first fabricated and investigated
to determine the performance characteristics and
optimize their response. In this manner designs
which yield the best performance are then selected
to be used in focal plane array fabrication.

2.1. Fabrication of single detectors with focused ion

beam milling

The fabrication of the single microcantilever
detector is performed using a focused ion beam
(FIB) milling system (FEI 200) [22–24]. The device
shown in Fig. 1 was fabricated using our FIB
system. The device is composed of an IR radiation
absorbing area and two legs which provide
mechanical support, thermal isolation, and bima-
terial bending. The material used was a 0.6 mm
thick sheet of SiNx with a 50 nm coating of Al. The
FIB was used to direct write the pattern of the
device by rastering the ion beam over a user-
defined area. The large center portion of the
detector is the IR radiation absorption area with

dimensions of 36 mm� 50 mm. The incident IR
radiation is absorbed by the SiNx layer and when
the device is placed in an evacuated chamber the
principal mechanism loss of heat dissipation
occurs through the legs attached to the substrate.
The leg cross section is 2 mm (wide)� 0.6 mm
(thick). The Al was removed from the center leg
section to increase the thermal isolation while
maintaining the bimaterial effect from the outer
support legs. This isolation area increases the time
required for the heat to escape from the IR
absorbing area and thereby increases the tempera-
ture gradient across the bimaterial portion of the
leg. This increased temperature gradient enhances
the bimaterial bending and thus increases the
response of the detector. When taking into
account both the absorption area and support
leg area, the overall device is equivalent to a
50 mm� 50 mm IR detector.

2.2. Fabrication of arrays of detectors

The diagram in Fig. 2 illustrates the basic steps
used for array fabrication. The process combines
several techniques, all of which are standard
processes in the semiconductor microfabrication

Fig. 1. FIB image of a 50 mm� 50mm microcantilever detector.
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industry. The initial material was a Si substrate
and reactive ion etching was used to remove
portions of the Si to create the posts necessary for
anchoring the detectors. The posts were 3.5 mm
tall. Next a layer of sacrificial material was
deposited and the surface was chemomechanically
polished (CMP) until the layer and posts were
2.5 mm high, leaving the surface flush with the tops
of the posts. SiNx was the principle material of the
detector and was deposited as a uniform 300 nm
thick layer directly on top of the posts and
sacrificial layer. The sacrificial layer was required
to provide a uniform 2.5 mm spacing between the
substrate and the SiNx layer which served as an IR
resonant cavity.

The next step involved reactive ion etching
which was used to define the detector geometry
into the SiNx layer. A 120 nm layer of Al was
deposited and patterned through a photolitho-
graphic mask to form the bimaterial leg sections
and a reflective surface on the head of the detector
for use by the readout laser. Finally, the sacrificial
layer was chemically removed leaving an array of
released detectors.

In Fig. 3, a portion of a 256� 256 array of
microcantilever IR detectors is shown. The detec-
tors are placed with a 50 mm square pitch. Also
shown is a close-up of one of the detectors in
which the patterning of the deposited Al layer is
readily apparent. The lighter color on the detector
head is the bare SiNx, and the darker color area on
the detector head indicate the presence of Al. The

dark color circle served as a reflective area for the
optical readout. The small rectangular opening
just below the center of the detector is an etch
release hole needed to allow etching chemicals to
remove the sacrificial layer under the detector.

3. Experimental

The readout of the microcantilevers used in the
present work was performed using two different
optical readout schemes. In each case the image of
an IR target was formed at the position of the
microcantilever detector by an IR lens. As the
microcantilever detector absorbs the IR radiation

Fig. 2. Microfabrication process diagram for the production of

arrays of microcantilever detectors.

Fig. 3. FIB image of a portion of a 256� 256 detector array

(top) and a close-up image (bottom) of an individual detector.
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and increases its temperature a bending occurs due
to the bimaterial layer [15, 25–27]. This bending is
then measured and analyzed to determine the
response of the detector. The main difference
between the two readout schemes lies in the
specific manner in which the actual bending of
the microcantilever is detected and measured.

3.1. Quad-cell readout

The basic components of the quad-cell readout
are shown in Fig. 4. The IR target was mounted on
a computer-controlled motorized stage. The IR
radiation from the target passed through a
mechanical chopper and was focused onto the
microcantilever detector by an IR lens. The
mechanical chopper was necessary to provide a
reference frequency to a lock-in amplifier used to
reject signal noise and increase the measured
signal-to-noise ratio. The detector was mounted
in a vacuum cell to prevent detector heat loss due
to thermal convection, thus increasing the detec-
tors thermal isolation. The pressure in the vacuum
cell was typically a few mTorr. The vacuum cell
had a germanium window to allow incoming IR
radiation to fall onto the detector, and a quartz
window on the readout side to transmit the visible
light from the readout laser.

The bending of the microcantilever detector was
measured by a quad-cell optical readout. A laser
was focused onto the detector and the reflected
spot was incident on a quad-cell position-sensitive
detector (PSD). As the microcantilever detector
bent in response to the IR radiation, the reflected

spot from the microcantilever moved on the quad-
cell PSD and a signal voltage was produced which
was proportional to the motion of the spot. This
signal voltage was monitored by a lock-in ampli-
fier which was phase locked to the reference
frequency provided by the mechanical chopper,
and output of the lock-in amplifier was recorded
by a computer.

For the image scan, the IR target was rastered
back and forth by the computer-controlled motor-
ized stage. The signal from the lock-in amplifier was
recorded by the computer and the final IR image of
the target was constructed by scaling the data into
an 8-bit array (256 levels of grayscale), where the
minimum microcantilever deflection was displayed
as black and the maximum deflection as white.

3.2. CCD readout

The quad-cell readout works very well for single
element detectors, but for arrays of thousands or
millions of detectors, this method becomes im-
practical. This was the motivation for developing a
CCD readout. The basic components of the CCD
readout are shown in Fig. 5. The IR radiation
from the target was focused onto the detector as
before; however, a collimated readout laser was
employed to illuminate the entire array at once.
The reflected laser light from the array was
observed with a microscope focused on the array
surface and this image was captured by a 12-bit
CCD camera. In the case of the quad-cell readout
the readout laser was focused onto a single
detector, concentrating approximately 5mW of

Fig. 4. Diagram of the experimental setup for the quad-cell

readout.

Fig. 5. Diagram of the experimental setup for the CCD

readout.
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power on the device. For the CCD readout, the
same beam was expanded and collimated so that
the total power incident on a single detector was
on the order of a few nW. The CCD readout
requires much less energy per detector for the
device readout.

The CCD readout was used to produce IR
images with a single IR detector as well as with
arrays of detectors. For a single detector the IR
target was rastered in an x–y grid and a CCD
image of the IR detector was captured at each x–y

point. As the cantilever deflected in response to the
incident IR radiation the intensity of the reflected
light from the readout laser changed, and these
changes in intensity were recorded in the captured
CCD images. Each image was then analyzed to
measure this intensity change and the result was
recorded as a final image pixel value. The final
image is therefore a point-by-point record of the
IR detector deflection as the IR target was rastered
in front of the microcantilever IR detector. Again
the data was grayscaled for display purposes with
the minimum cantilever deflection displayed as
black and the maximum deflection as white.

In order to make an IR image of the target using
an array of IR detectors, the first step was to
capture a background image (a CCD image of the
detector array with no IR stimulus). The IR target
was then imaged onto the detector by the IR optics
and the absorbed IR radiation caused the micro-
cantilever detectors to bend. A second CCD image
of the detector array was then captured and the
background image was subtracted from it. The
resulting image is the difference in reflected light
intensity from the entire array as it responds to the
IR stimulus. This difference image was then
analyzed to extract a single number for each IR
detector which corresponded to the change in
intensity for that detector. These values were then
recorded as the pixels of the final IR image.

4. Results and discussion

4.1. IR imaging with single detector

The experimental results for IR imaging with a
single detector for both readout schemes may be

seen in Fig. 6. The top image is a photo of the IR
target. The target was made by bending a wire into
the shape of the script logo of our laboratory: Oak
Ridge National Laboratory, ‘ornl’. The center
image in Fig. 6 is the scanned image of the target
taken with the quad-cell readout. The temperature
of the wire was B350�C. The image resolution is
600 points horizontally and 100 points vertically.
The grayscale from black to white corresponds
to temperature differences from minimum to
maximum.

The bottom image in Fig. 6 is the scanned image
of the same target taken with the CCD readout.
The image resolution is 850 points horizontally
and 100 points vertically. The grayscale from black
to white corresponds to temperature differences
from minimum to maximum.

Fig. 6. The top image is a photo of the target object to be

imaged. It is a wire bent in the shape of script logo ‘ornl’ for

Oak Ridge National Laboratory. The center image is a scanned

image of the target made with the quad-cell readout. The

bottom image is a scanned image of the target made with the

CCD readout.
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4.2. IR imaging with an array of detectors

For the first imaging tests using a detector array,
a 44� 43 detector section was chosen from a
256� 256 array of IR detectors. This imaging
array had a uniform coating of Al over the entire
surface, and therefore did not have the optimal
thermal isolation obtained with the single detec-
tors tested. As a result, the temperature of the
targets had to be substantially increased as
compared with the single detector tests. The results
of the first test can be seen in Fig. 7. The photo on
the left shows a commercially available blackbody
source used as the IR target. The temperature of
the source is 900�C. The image on the lower right
of Fig. 7 (directly below the close-up view of the
circular source) is the 44� 43 pixel image of the
target produced with the CCD readout. We should
point out that the temperature is imaged as hotter
near the center and cools slightly toward the
perimeter of the blackbody source.

The second test involved imaging the ‘ornl’ test
wire as in the single pixel tests above. The tem-
perature of the wire was B700�C. The 44� 43
detector array section was used and the results
may be seen in Fig. 8. At the top is the photo of

the wire shown again here for comparison
purposes. The center left image is the 400� 400
pixel CCD image of the 44� 43 IR detector
array after background subtraction. The CCD
image contains an approximately 9� 9 pixel
picture of each detector in the IR detector array.
These 81 pieces of data can then be analyzed for
intensity changes to produce a single pixel value
for the final image. This final 44� 43 image is
shown at the center right of Fig. 8. At the bottom
left of Fig. 8 is a photo of a stove-heating element
and at the bottom right is an IR image of the
element made with a 64� 64 array of detectors.
The temperature of the heating element was
190�C.

Fig. 7. The images on the left and close-up in the upper right

are photos of blackbody source. The image in the lower right is

the IR image of the source made with a 44� 43 detector array

section using the CCD readout.

Fig. 8. The upper image is a photo of the ‘ornl’ wire target. The

image on the center left is a 400� 400 pixel CCD image of the

44� 43 detector array after background subtraction and the

final 44� 43 pixel IR image is shown at the center right. The

image at the bottom left is a photo of the stove heating element

and to the immediate right is the final 64� 64 IR image of the

element.
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4.3. IR imaging with a 20 mm� 20 mm detector

As the array was being fabricated, newer pixel
geometries were being tested. Detector size is an
important parameter due to the fact that image
resolution is ultimately determined by the detector
density of the array, i.e., for a given format
(allowable array size for a specific application) the
higher the density of the detectors, the more
detectors may be incorporated into the array,
giving a higher resolution. The results of pre-
liminary tests of a 20 mm� 20 mm detector are
shown in Fig. 9. The image on the left is a photo of
the IR target at a temperature of 34�C. The image
on the right shows the IR image obtained using the
quad-cell readout. The image resolution is 450
points horizontally and 150 points vertically.
The design details of this detector are published
elsewhere.

5. Conclusions

We obtained IR images of objects using both
single uncooled microcantilever IR detectors and
arrays of microcantilever detectors. The single
detector images appear sharper for the following
reasons. First, the necessity of rastering the target
to produce the image enables the resolution of
the image to be arbitrarily high, i.e. by changing
the number and spacing of points in the x–y

scan we can make the number of pixels in the
final image be as large as desired. The section of

the array of detectors used was limited to 44� 43
detectors for the ‘ornl’ test wire image and 64� 64
detectors for the stove heating element image, and
therefore the final image resolution was much
lower than in the rastered single detector images
(B600� 100). A second reason for a difference in
image quality is due to differences in detector
thermal isolation. The single detector had Al
removed from a leg section (as described above)
to increase the thermal isolation of the detector,
while the detector array did not. This is also
the reason that the target temperatures were
higher for the detector array tests. The fabrication
and testing of an array of detectors with this
thermal isolation is expected to occur in the near
future.

We also obtained an IR image with a new
20 mm� 20 mm detector design which had an
optimized isolation section. This detector is
smaller than typical IR detectors. Room tempera-
ture objects emit IR radiation at a wavelength of
about 10 mm, therefore a 20 mm pixel is approach-
ing the diffraction limit for a detector at these
wavelengths.

Two different non-contact optical readout
schemes were used to produce the images. The
quad-cell readout benefits from the use of a
mechanical chopper used with a lock-in amplifier
to reduce noise in the quad-cell signal. The CCD
readout gave comparable results with no mechan-
ical chopper and therefore requires less power and
has no moving parts as compared to the quad-cell
readout.

Fig. 9. IR image made with 20mm� 20mm detector. The image on the left is the IR target at a temperature of 34�C. On the right is the

IR image made using the quad-cell readout.
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