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Design of miniature and light cameras requires an optical design breakthrough to achieve good optical performance. 
Solutions inspired by animals’ eyes are the most promising. The curvature of the retina offers several advantages, 
such as uniform intensity and no field curvature, but this feature is not used. The work presented here is a solution to 
spherically bend monolithic IR detectors. Compared to state-of-the-art methods, a higher fill factor is obtained and 
the device fabrication process is not modified. We made an IR eye camera with a single lens and a curved IR bol-
ometer. Images captured are well resolved and have good contrast, and the modulation transfer function shows 
better quality when comparing with planar systems. 

Today, both military and civilian applications require
miniaturized, light, and low-cost optical systems. To over-
come these requirements, optical systems with few op-
tics have to be found [1]. The study of vertebrate and
invertebrate vision offers interesting ways to design sim-
ple optical architectures [2]. Despite the large variety of
systems, animals share a common feature: their retinas
rely on a curved surface. However, due to manufacturing
constraints, detectors are planar. This leads to complex
optical systems with multiple lenses in order to achieve a
flat Petzval surface. Presently, some solutions exist to
correct aberrations by a computational treatment; first
results have been demonstrated in [3]. However, instead
of complicating the design or adding postprocessing, a
simple solution is to change our vision of the device,
and more specifically the geometrical shape. By curving
the focal plane array (FPA) as nature does, we are then
able to exactly fit the focal surface with the detector.
Subsequently, both on- and off-axis rays are well focused,
the field curvature is directly suppressed, and illumina-
tion is increased off-axis [4]. In this way, bioinspiration
achieves a simplification and a miniaturization of the op-
tical stage of modern cameras, in addition to better image
quality, and new trends of miniaturization are addressed
in spectrometry [5] and imaging systems [6].
Curving the detector is an original technological

challenge. Three strategies have been demonstrated in
literature. The first one consists of adapting micro-
technologies to curved substrates [7,8]; nevertheless, the
process is too complicated and optical resolution is not
sufficient enough to address today’s microelectronics
constraints. The second solution is based on a dedicated
architecture realized either on polymer [9] or silicon-on-
insulator wafers [10]: the detector is structured in small
separated islands of devices interconnected by metallic
lines. These devices could be twisted and flexed [11], and
address applications such as paperlike displays, electro-
nic skin, and biomedical devices. The specific hemisphe-
rical shape is less focused in literature, but two main
references [10,12] exist, and the most advanced [12]

achieved a hemispherical eye camera with a 16 × 16 pixel
array. However, all these solutions require a specific de-
vice fabrication process, which means that different tech-
nological steps must be made to realize the device, and
the fill factor is decreased due to the architecture needed
to bend. The last solution relies on thinning, partially or
entirely, the component [13,14]. Because of the a priori
on the fragility of such a structure, this solution is less
discussed and no functional device has been presented
so far.

The process developed and presented here is compa-
tible with device manufacturing, considering minor mod-
ifications and low cost. Indeed, this work has been
developed with off-the-shelf components, so the design
is not specific to our purpose. The bending ability is given
by an added step: the thinning, performed at the end of
the fabrication process. The total thickness is decreased
to 50 μm, which is now a standard in microelectronics
[15]. By thinning, the whole device reaches e sufficient
flexibility to stretch the detector into a hemispherical
shape. Strain in this mechanical deformation is mainly
proportional to the ratio between the device thickness
and the radius of curvature. First mechanical results per-
formed on square silicon samples show that the average
strain is inferior to the silicon yield stress, which is about
4 to 9 GPa depending the thinning process (with or with-
out stress relief) [16]. For instance, the strain of a 50-μm-
thick silicon sample curved to a radius of 45 mm is
209 MPa. After thinning, the device is curved on a holder
that is concave, convex, or even cylindrical, and placed
underneath the device. Presently, the holder is a spheri-
cal lens cut in a square, but a dedicated electrical board
could be spherically machined for future prototypes. By
applying a mechanical force through a soft tool in contact
with the thinned detector, the component is bent to fit the
holder surface underneath. The component is free to de-
form, except the four corners, which are simply in
contact on the holder. The soft tool is progressively de-
formed onto the component by the force applied in fitting
the holder shape. This curved deformation is kept by
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curing an underfilling layer between the holder and the
component. Once the curing step is done, the component
is definitively curved onto the holder, reproducing pre-
cisely the shape targeted. In this way, we curved a con-
ventional microbolometer glued onto a holder, which has
been interconnected on a standard electrical board.
This process can be applied to any kind of devices,

either bulk material or functional imagers: complemen-
tary metal-oxide semiconductor (CMOS), CCD, cooled
photovoltaic IR detectors based on HgCdTe, or uncooled
IR microbolometers. As silicon is the main material of
these devices, first experiments have been made on
thinned silicon samples with chemical mechanical polish-
ing stress relief. The minimum radii achieved is 40 mm. In
this Letter, the process has been performed on bol-
ometers. These detectors are composed of a readout cir-
cuit (CMOS device) above which the detecting matrix is
processed. This is an array of small rectangular mem-
branes formedbyanabsorbing layer inamorphous silicon;
they are supported by arms that create a cavity up to the
readout circuit. IR radiation is absorbedby themembrane,
and converted into a temperature rise. This creates a
change in theelectrical resistanceof themembrane,which
is collected by the readout circuit. From a manufacturing
point of view, a sacrificial layer is deposited on the readout
circuit to pattern the silicon membrane. The plasma re-
lease of this temporary layer is made as a final step, just
before housing the detector in the package.
The IR detector used to realize the hemispherical cam-

era is a standard 320 × 256 pixel array at 25 μm pitch. The
holder is a concave glass holder scaled at the device size.
It is an initial choice to realize the first prototype of an IR
camera as achieved here. A dedicated holder could be
achieved by machining the electrical board with a curved
imprint for the detector; this solution will be used for the
next cameras.
The process applied to this functional detector is the

following: we use an off-the-shelf microbolometer with
the sacrificial layer. The substrate is thinned down to
50 μm. An intermediate electrical test has been per-
formed on this thinned device in order to check that this
added step did not damage the electrical functionality;
the result will be discussed later. Then, by applying a
force, the device is curved on a concave holder and the
curvature is kept by the underfill (epoxy glue). Once the
shape is achieved, the usual bolometer fabrication pro-
cess is pursued: plasma release is performed to remove
the sacrificial layer under the pixels, and the component
is electrically connected to the usual board.
The curvature performance is described in Fig. 1. The

curved component is scanned by an optical profilometer.
The radius of curvature is calculated from the perfect
spherical shape deduced from the scanned area. The de-
vice radius is 73 mm. This radius is larger than the one
achieved in the experiments on silicon samples; this is
mainlydue to themultiple layer of differentmaterials com-
posing the functional devices, and the grinding process
thatwasperformedonsingledevices,without stress relief,
which is available only on wafers. The holder radius is
70 mm. The radius difference between the holder and
the microbolometer could be explained by the underfill
thickness, which is not presently homogeneous through
the area, and the defects of the holder, which is not

perfectly spherical. Both parameters should be sup-
pressed by further process optimizations. However, the
perfect spherical surface is really close to the scanned sur-
face, as shown in Fig. 1(b). It represents the defects from
the scanned surface [Fig. 1(a)] to the perfect sphere. We
can easily distinguish in this figure the structure of the
FPA. Height variation through the device is 5 μm, so the
curvature is well spherical and no undesired folds appear.

This curved device [Fig. 2(a)] is easily bonded on the
electrical board by conventional wire bonding [Fig. 2(b)]
and placed in a conventional thermal vacuum chamber.
The final component is characterized as a conventional
device. We are then able to achieve an electrical test and
capture our very first picture with this new type of device
configuration.

Electrical characterizations have been made after each
crucial step: thinning and curvature. Indeed, both steps
induce strains in the device that could deteriorate the
electrical performance (modified bandgap structure, car-
rier mobility). The electrical parameters measured (see
Table 1) are represented as a variation from the thinned
and curved step compared to the bulk device.

Voltage variation between bulk and thinned is less than
1%, and between bulk and curved is less than the disper-
sion in measures realized on the same bulk devices (e.g.,
6% at 30 °C). Noise is quite sensitive to measures: mea-
surement dispersion is high (theoretically about 5%);
nevertheless, the noise measured after curvature is smal-
ler. The signal response is really close to the bulk value in
the range of deviation accepted in industry, e.g., 1.5%
[17]. So the thinning and the curvature did not damage
the component performance.

To go further, we made a camera inspired by the hu-
man eye. The single lens is aspherical and plays the role

Fig. 1. (Color online) Images of the curved detector array
scanned by optical profilometry, the colored scale illustrates
the deformation in the z axis. (a) is the scanned surface, and
(b) is from the software analysis; it represents defects from
the scanned surface to the perfect sphere.

Fig. 2. (Color online) Pictures of curved microbolometer:
(a) the thinned curved component on a glass holder; (b) this
curved bolometer bonded onto an electrical board.
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of the cornea, and the detector is curved like the retina.
Figure 3(a) presents the optical system: the focal length
is 12.4 mm, the field of view is 60°, and the f -number is
1.8. The overall system is 27.4 mm long. The main aber-
rations of this optical system are distortion and field cur-
vature, which is suppressed by the curved focal plane,
and leads to good resolution. Considering a similar pla-
nar system, such an image quality would not be possible,
except by adding one more lens.
The system performance has been measured by bar

targets at different spacings. The resulting modulation
transfer function (MTF) in Fig. 3(b), shows good unifor-
mity between on- and off-axis responses. Images cap-
tured by this bioinspired system [Fig. 3(c)] are well
resolved and have good contrast. This picture proved

the good functionality of the curved detector on its whole
surface; this image quality would not be possible with a
planar FPA.

In conclusion, we developed a process to curve into a
hemispherical shape a monolithic 320 × 256 pixel detec-
tor; the unique added step of thinning is easily achievable
in the device fabrication process and the curvature is
done using a dedicated holder. The final device is
mounted and characterized like usual planar devices.
A functional camera based on the human eye, with a
curved IR bolometer and a unique lens, has been made
without any electrical damage. Images in this biomimetic
configuration have been obtained. They represent the
very first pictures achieved in the state of the art by a
monolithic curved detector, to the best of our knowledge.

By this work, we have initiated a new kind of device
that simplifies optical designs. This result can be trans-
ferred to any kind of detectors. Opportunities offered
by this new curved design are wide especially for minia-
turized applications such as spectrometers [10] and
imaging systems [11].

This work has been realized thanks to J. B. Moullec
and the French Ministry of Army (DGA). The authors
thank G. Gaude for the thinning step, J. Routin, and A.
Gueugnot, E. de Borniol and A. Perez for the electrical
and optical tests.
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Table 1. Electrical Characterization of Thinned and

Curved Bolometer
a

Reference Blackbody at 30°

Voltage Noise Voltage Noise

Δjthinned-bulkj 0.4% 4% — —

Δjcurved-bulkj 0.2% 4.6% 5.8% 2.7%
Signal response NETD

Bulk bolometer 6.19 mV∕K 68 mK — —

Curved bolometer 6.25 mV∕K 59 mK — —

aParameters measured are the voltage and the noise measured at the re-
ference stage, that is, when the device is not detecting IR radiation, and
when the device sees a blackbody at 300 K. The thinned bolometer is
characterized only at the reference stage, because it still has the sacri-
ficial layer, so pixels are not functional. Signal response is the voltage
difference for a small temperature change. NETD is the noise equivalent
temperature difference representing the sensitivity of the detector to
thermal radiation.

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1

0

(a) (a)

(c)

2 4 6 8 10 12 14 16 18 20

0° 5° 10°15°

Spatial frequency (cycles/mm)

Fig. 3. (Color online) IR camera inspired by the human eye,
system f ∕ � 1.8 and focal length 12.4 mm. (a) Optical system;
(b) experimental MTF; (c) IR picture captured by this camera.

3


