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Today, uncooled micromechanical bimaterial IR-dtecare a rapidly developing approach
[1, 2]. The focal plane array (FPA) M3-50 consigtof 32x32 uncooled micromechanical bimate-
rial IR-detectors was designed and fabricated atMioscow Institute of Electronic Technology
[3]. The FPA is a microoptomechanical system (MOM&)ere reading out of an IR-image is car-
ried out with an optical method. The FPA is intethder acquiring thermal images in 8-fuifh
range.

Operation principle of the FPA sensing element (Bie 1(a)) is based on the thermome-
chanical effect. According to this effect, a bemgdimf a bimaterial microcantilever takes place
when temperature of an absorbing plate is chanfled.bending occurs due to a difference be-
tween the coefficients of thermal expansion of @ pmaterials (silicon nitride and aluminium)
from which the bimaterial microcantilever is falaied. Submicron thickness microminiature
membrane of silicon nitride covered with a thinhmame film is used as the absorbing plate. The
same plate is used as a mirror while reading aFfRA in visible spectrum. Temperature change
of a source of IR-radiation by 1 K causes membugfikection by several hundreds of nhanometers
in similar IR-detectors [1-4] that can be quitaakly registered by modern instruments.

The image of a single bimaterial sensing elemernthefinfrared FPA at high magnification
(see Fig. 1(b)) is obtained with the optical pefil(interference microscope) Wyko NT9300
(Bruker, Germany) [5, 6]. The membrane of increasgdlity is well seen in the figure. The
membrane is suspended over a substrate on theaantilevers. The distance between the mem-
brane and the substrate makes approximatelpu.5The through holes in the membrane improve
access of etchant to the sacrificial layer of S#D fabrication. The highly reflective aluminium
bimaterial regions are clearly seen on the micrblesers.

The output optical image formed by the FPA is showirig. 2. The image was registered
(read out) with the optical profiler. The measurateewere conducted in vacuum1Torr at
blackbody temperature 30. The used profiler carries out noncontact measent of a surface
topography with height differences up to 10 mm. Tiwmost vertical resolution of the profiler
makes 0.1 nm, the lateral resolution — @®. The measurements of optical response from the bi
material MOMS IR-detector were carried out in thed® of high definition vertical scanning in-
terferometry (HDVSI) [5, 7].
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(b)
Fig. 1. Uncooled bimaterial sensing element ofittieared FPA M3-50. The element has sizesZum?.
(a) Design of the sensing element: 1 is an absgnmembraneeflector, 2 is a bimaterial microcantileve
is a thermoinsulation region of the microcantilevkris an attachment point of the microcantilewea tsub-
strate (anchor). (b) Image of the sensing elembtaimed with the optical profiler Wyko NT9300. Mafimn
cationx101, HDVSI mode, stitching.
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Since the area occupied by the sensing ele-
ments directly forming the image makes ap-
proximately 70% of whole FPA area, the ob-
tained optical image would include a large num-
ber of points which do not carry any useful in-
formation about the imaged IR-object (see
Fig. 1, Fig. 2). Spaces between the IR-detectors
and the regions occupied by the elements of the
membrane suspension (sections of thermal isola-
tion of the microcantilevers, attachment points
of the microcantilevers to the substrate) are such
points. Thus, before an operator would receive a
final picture, the digitized optical image of the
0o : : 40 FPA should be subjected to a mathematical
0.0 0.5 1.0 1.5 mm treatment during which all the information not
Fig. 2. Optical image 55&%55 points of FPA M3-50re|ated to the observed IR-scene should be
consisting of 3232 uncooled bimaterial IR-gliminated from the image.
detectors. The image is obtained with the optical gjnce the surface image of each membrane
profiler. Magnification x10.2, HDVSI mode. Theconsists of many points (from hundreds to sev-

locations, where the profiler was unable to exec %I thousands) even at a low lateral magnifica-
reading because of a large slope of membrane edges,

are conditionally shown in black color. A manufac- h'of the profiler, this S.et of points §hou|d b.e
turing fault is well seen approximately in the egniPr€Sented on the output image by a single point.
of the FPA. The measurements were conducted fiH4S, the image having dimensionality of the

vacuum 10 Torr at blackbody temperature’g  original FPA, i. e., 3232 points should be ob-
tained at the output of the program of mathe-

matical treatment, where brightness of each pairduech image is a mean value of brightnesses of
the points belonging to the corresponding membrane.

Analysis of the above formulated task peculiariseews that methods of recognition should
be used for effective computer processing of thainbd image. To build an appropriate recogni-
tion algorithm, it was decided first to conduct hehatical treatment of the image by means of an
already existing recognition program and then, thasethe got experience, to formulate require-
ments to the algorithm and write own recognitioagsam which later could be built into a com-
mercial device.

The program of feature-oriented scanning (FOS)d®}eloped at the Institute of Physical
Problems named after F. V. Lukin was used as tbegration program. The main purpose of the
FOS program is control of a scanning probe micrpsc®PM) and conduction of ultra-precise
measurements of topography and surface propetttee aanoscale. At present, the OOC program
is used at the Solid Nanotechnology Laboratoryhefabove mentioned institute and controls the
commercial instrument Solver™ P4 (NT-MDT, Russia).

Besides real scanning mode, the FOS program hasla of virtual scanning. In this mode, an
image (real or synthesized) of a surface topograplgd into the program input, after that the im-
age is “scanned” and recognized by the program twhiodels operation of a probe microscope.
In our case, the optical image obtained on theilpradind presented in Fig. 2 was fed at the input
of the FOS program. The separate IR-detectors (memeb-reflectors) of the FPA under recogni-
tion are considered as surface features on sucheinidhe surface features are used by the FOS
program as reference points.

The result of the FOS program operation (see Bigs @an FPA image assembled of separate
fragments (segments). In order to avoid appearahcemplex feature contours and shifts of fea-
ture coordinates during recognition, the black simere temporally replaced for the white ones.
Since the fragments are partially overlapped amdréfative coordinates between them are pre-
cisely determined by the FOS program, the recoodimage has no distinctions from the origi-
nal one.
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Fig. 3. Result of recognition of the infrared FP&\ K 4_4}%2};//447%?&/47 A AN 727 ﬂXI

the FOS program. The surface image is assemtp
of separate fragments (segments). The recognlgﬁezﬁ

4. Raster-like trajectory of connection of the
ures in a chain. The trajectory is createdrdpuri

@ virtual FOS. The positions of the detected fea-
tures (FPA membranes) are marked with “+” sign.

The trajectory of connection of the featurd§€ “movements of the SPM-probe” are shown by
in a chain shown in Fig. 4 is automatically bulftin ines.
during the FOS process. Usually, the formed
connection trajectory visually looks like a rasthen some membranes are absent at their prede-
fined positions, for example, as in the case ofarfert infrared FPAS, the regular path of the con-
nection trajectory will be disturbed. The “movensnt the SPM-probe” from one feature to an-
other are shown by thin lines. It does not matteittie FOS method, how the topography elements
under recognition are arranged. Thus, an ordeatigl in arrangement of the sensing elements in
the imperfect FPA would not effect on the finaluk®f the computer processing. This means that
anya priori information about mutual arrangement of the sensiements of the analyzed FPA is
not required.

The sought for optical image of 822 points formed by the FPA is shown in Fig. 5. lieao-
age point (points have a square shape) represeptpanse of the corresponding bimaterial IR-
detector shown in Fig. 2. The dark points represietectors with heavily deformed membranes,
the black points — with completely absent membranes

Usually, the membrane deformation relates to aiogref the membrane edges as a conse-
guence of hogging. Hogging is caused by uncompedsatechanical stresses appeared in the
membrane during device fabrication. The soughirf@ge is built by a surface assembler adapted
to the task under consideration. The surface adsemsba special program being part of the FOS
software package, which builds a reconstructecasarimage of segments.

With a uniform illumination of the FPA by IR-radiah, for example, from a lengthy radiating
plate of a blackbody simulator, the obtained awhagignals of the output image can be used for
correction of unequal thermomechanical sensitigftthe FPA detectors. The information on sen-
sitivity of each detector can be stored in an IRxeea memory and then it can be taken into ac-
count for each frame processing. The response atiggamong the bimaterial IR-detectors is
caused by the always taking place technologicaatian of sizes, differences in composition and
structure of the used materials, inhomogeneityeftteatment methods across wafer surface, etc.

elements of the FPA (membranes) are marked
H+1, Slgn_
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