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Abstract

This paper presents design, fabrication and measured performance parameters of micromachined infrared detectors on polyimide substrates.
The detectors are of bolometer type made of semiconducting yttrium—barium—copper oxide (YBCO) as the thermometer material and are built on a
40-50 pm-thick layer of polyimide (PI5878G) that serves as a flexible substrate. A thin film of Si; N, supports the detectors. Surface micromachining
is used to isolate the detectors and the supporting nitride layer from the substrate. Despite being supported by a layer of Si3Ny4, an average thermal
conductivity of 5.61 x 1077 W/K, comparable to self-supporting devices on flexible substrates has been measured. This opens the possibility of
placing such flexible sensors on micromachined membranes, integrated with other functions such as pressure sensing to build “Smart Skin.” Room-
temperature responsivity of 7.4 x 103 V/W and detectivity of 6.6 x 10° cm Hz2/W were demonstrated on 40 wm x 40 wm microbolometers. The
effect of substrate heating was also investigated and was found not to cause cross talk between the pixels. If these sensors are to be used as part
of multi-functional, flexible sensor systems, device-level vacuum packaging is necessary. This was investigated using computer simulations for

structural analysis and found to be feasible.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

The coalescence of integrated electronics and MEMS has
made the goal of system-on-a-chip — a single package contain-
ing sensors, actuators and associated electronic circuitry in one
chip — realizable. Flexible substrates facilitate conformal elec-
tronics, enabling foldable systems-on-a-chip, made of sensors,
electronics and actuators, with possible applications as elec-
tronic fabrics, smart tags and conformal sensor arrays among
others in the fields of defense, medicine, industrial monitoring
and testing. Microbolometers on flexible substrates are part of
a strategic goal of making a “smart skin”—a flexible substrate
housing a plethora of sensor systems for measuring parameters
like temperature, moisture, pressure, fluid flow and accelera-
tion. Typically, however, the performance optimization of each
type of sensor would put contradicting requirements on design
parameters. For example, if pressure and thermal sensors are
to be integrated on a single micromachined bridge, as would
be required in case of the “smart skin”, the mass, dimensions,
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material properties (thermal conductivity, specific heat etc.) of
the bridge structure need to be optimized as a shuttle mass for the
pressure sensors and as a support with low thermal conductiv-
ity and mass for the thermal detectors. Therefore, it is essential
to investigate the performance of such flexible bolometers on a
micromachined membrane. Similarly, if these systems were to
be used autonomously, self-packaging is necessary to maintain
flexibility. Consequently, computer simulations are performed
here to analyze the feasibility of device-level vacuum packag-
ing of these detectors.

Different materials used as bolometers include vanadium
oxide VO, [1-10], amorphous Si [11-15], doped poly Si [16,17],
and poly Si—Ge alloys [17-19]. Thin film metals like Ti [20,21],
Nb [4,22] and Pt [23,24] have also been reported. In this
work, the radiation sensitive material used is the polycrystalline
form of semiconducting YBayCu3Og,, (referred to as YBCO).
The structural, electrical and optical properties of the mate-
rial vary with the oxygen content x [25,26]. For 0.3< x <0.5,
YBayCu3Og¢4x behaves as a semiconductor and in crystalline
form it is tetragonal. Amorphous YBCO thin films deposited
on Si wafers with a buffer layer have exhibited a temperature
coefficient of resistance (TCR) of ~—3.1% K. YBCO can
be rf-sputtered from a target at room temperature to yield thin
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films for use as microbolometers [25-32]. The ability of low-
temperature deposition makes this material especially suitable
as a sensor material on polyimides, majority of which have strin-
gent thermal budgets.

Work on YBCO microbolometers started on rigid Si sub-
strates [29-32], which was followed by microbolometers on
flexible substrates. The first generation devices on flexible
substrates were made on prefabricated sheets of polyimide,
Kapton®, using a Si wafer as carrier during the fabrication [26].
This was problematic in that the polyimide substrate could not
be kept planar on the silicon due to the formation of bubbles
and the difference in thermal coefficients of expansion between
the polyimide and the subsequent layers. The next generation
of detectors was made by using spin-on polyimide layers (such
as PI5878G from HD Microsystems), which were subsequently
cured to form the flexible substrate. Again, Si wafers were used
as a carrier. The completed devices were then peeled off the
carrier to obtain the flexible detectors arrays [32]. The spin-on
polyimide is fully CMOS compatible in that it is resistant to
typical process chemicals. It has a glass transition temperature
(Ty) of ~400°C, providing ample thermal budget downstream
in the fabrication. Moreover, it poses no adhesion problems for
layers deposited on it.

To achieve low thermal conductance and hence high respon-
sivity, bolometers are generally vacuum-packaged, which con-
stitutes a large fraction of the overall cost of the sensor systems.
Wafer- and device-level packaging techniques have been pro-
posed to cut cost and improve reliability [33,34]. A new device-
level vacuum packaging process that envisages a vacuum cavity
created around the microbolometer during fabrication is inves-
tigated. The detector is embedded in a sacrificial polyimide. A
cavity wall/optical window combination is created using an opti-
cally transparent material. Openings in the optical window can
be used to remove all the sacrificial material around and under-
neath the detector by conventional micromachining techniques.
The openings in the optical window can then be sealed shut in
vacuum to yield a vacuum cavity “package”. This technique is
fully compatible with current CMOS fabrication techniques and
can be used for flexible substrate microbolometers. A vacuum
cavity containing a microbolometer has been simulated using
finite-element analysis based CoventorWare®. The flexible sub-
strate hosting the cavity was deflected up to a radius of 2 mm.
The stresses produced in the cavity materials were seen to remain
in the linear/elastic region up to a radius of ~10 mm proving the
feasibility of this fabrication scheme.

2. Detector fabrication

All depositions in the fabrication were done using 3-in. tar-
gets in an rf-magnetron sputter system in a pure Ar environment
of 10 m Torr pressure. First, 4000 A of SizN4 was sputtered on
to the Si wafer for passivation and improved adhesion of the
subsequent polyimide layer. This was followed by spin-coating
liquid polyimide PI5878G onto the wafer, which was repeated
five times. The polyimide-coated wafer was then loaded into
an oven at 110-115°C. The oven temperature was gradually
ramped to 275 °C, where the polyimide was cured for 5h to
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Fig. 1. Fabrication steps of microbolometers on flexible substrate. (a)
CoventorWare® generated model of a completed device, (b1) model showing Al
layer with open trenches, (b2) cross section view of slice at XX’ showing trench
opening in Al layer, (c1) model showing sacrificial polyimide, (c2) cross section
view of slice at XX’ showing sacrificial polyimide, (d1) model showing patterned
Ti arms and Au pads above support membrane, (d2) cross section view of slice at
XX’ showing Ti arm and Au pads above support membrane, (e1) model showing
YBCO detector in place, (€2) cross section view of slice at XX’ showing YBCO
detector above Au contact pad, (f1) model sectioned at XX and magnified 20X
along the height of the detector to show cavity and support details. The carrier
Si wafer and PIS878G have been suppressed in this figure, (f2) cross section
view of slice at XX’ showing micromachined cavity beneath the support layer
(Dimensions not to scale).
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Fig. 2. Completed microbolometers on a flexible substrate showing (A) a trench in the supporting SizNy layer, (B) supporting Si3Ny layer, (C) Ti arm, (D) Au bond
pad, (E) YBCO pixel and (F) Al reflecting mirror in; (a) cutaway of a CoventorWare® model detector pixel. The micromachined cavity under the detector can be
seen; (b) Array of 60 wm x 60 wm microbolometers under a microscope, showing the extent of lateral micromachining of sacrificial PI2610 after 10 h of ashing, (c)
array of 40 wm x 40 pm detectors after 10 h of ashing. The second pixel from the left has been removed and shows Al reflector surface without polyimide.

yield a final thickness of 40 wm. The polyimide was then coated
with another layer of sputtered Si3sN4. This layer serves as a
passivation layer and also promotes adhesion between the poly-
imide and the subsequent layers sputtered during fabrication.
The nitride is resistant to the wet etchants used in subsequent
processing steps. To provide protection from dry etchants, a
500 A layer of SrTiO3 was sputtered. Fabrication steps up to
this point are similar to those used for self-supporting microma-
chined microbolometers on flexible substrates reported earlier
[32]. Subsequent fabrication steps are different since unlike self-
supporting devices reported in Ref. [32], the current geometry
employs a support layer to hold up the bolometers. A 4000 A
layer of Al was then deposited and patterned to form a reflect-
ing mirror as part of a resonant cavity beneath the detector
to improve absorption of radiation by the bolometer. The Al
layer was patterned in the shape of subsequently used trenches
for the sole purpose of facilitating alignment in following pho-
tolithography steps (Fig. 1(b)). PI2610 was subsequently spun
on to form the sacrificial layer. After curing, the final sacri-
ficial polyimide thickness was 0.5 wm (Fig. 1(c)). A 4000 A
thick layer of SizN4 was then sputtered onto the polyimide
followed by 500 A of SrTiO3 layer. A 1500 A layer of Ti was
used as the electrode material, followed by deposition and pat-
terning of 750 A of Au as bonding pads as well as contacts
between the detector material and the electrodes. Ti was used
due its relatively low thermal conductivity among conductors.
Ti was then patterned by dry etching in CF4:0;, forming the
electrode arms between the aforementioned Au pads and con-
tacts (Fig. 1(d)). The last deposition in the fabrication process
was 3600 A of YBCO, patterned to yield the detector pixels
(thermistors).

Surface micromachining was performed to remove the sacri-
ficial layer, thus releasing the SizNy bridge supporting the detec-
tors. Trenches were opened around each pixel in the SrTiOs.
This exposed the underlying layer of SizNy4. The wafer was put
in a reactive ion etcher and the exposed nitride was dry etched.
Nitride was thus removed in the trench area exposing the under-
lying sacrificial polyimide PI2610 (Fig. 1(e)). The sacrificial
polyimide was removed by multiple steps of 10 min of oxy-
gen ashing, followed by 10 min of cooling (Fig. 1(f)). It had
been observed that heating caused by continuous ashing for

long periods of time produces thermal stresses in the nitride
layer supporting the detector. The cumulative ashing time was
approximately 10h. At this stage, it was seen that the PI2610
beneath the smaller 40 wm x 40 pm pixels was removed com-
pletely (Fig. 2(c)). The polyimide can be peeled off the host
wafer to yield sensors on a flexible substrate.

The cutaway model of the finished structure together with the
optical photos of 1 x 10 arrays are shown in Fig. 2. Different
detector sizes and trench geometries are also evident.

3. Detector characterization

Electrical and optical characterization of the packaged and
bonded devices was carried out. Results presented here are
generally for the 40 um x 40 pm devices unless otherwise
specified. The dc resistance at 301 K was measured to be
~3.76 MQ. Resistance of the device was measured from 240
to 320K (Fig. 3) and the temperature coefficient of resistance
TCR =« = (1/R)(dR/dT), was calculated. A TCR of —2.63% K~!
at 301 K was measured. The resistance of the device varied
according to the Arrhenius relation R(T) =Ry exp(Ey/kT). The
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Fig. 3. Device resistance as a function of temperature and temperature coeffi-
cient of resistance. Effect of Joule heating: non-linear VI characteristics (inseft).
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values of Ry=1341 < and the activation energy E,=0.21eV
were determined by plotting In (R) versus 1/kT.

The thermal conductivity of the detector to the substrate Gy,
is a measure of the thermal isolation of the device and thus, of
the extent of micromachining. Thermal conductance was mea-
sured using the Joule heating method. The detector was placed
in a cryostat at room temperature and evacuated to 50 mT. The
bias current I, was swept from —2 pA to 2 wA in increments
of 100nA and the voltage across the device measured using
an HP4155B semiconductor parameter analyzer. The non-linear
VI curve shows the effect of Joule heating (Fig. 3 inser). The
effective thermal conductance Gef depends on the thermal con-
ductance Gy,, the radiative conductance Grag and the heating
effect of the biasing current P; = VI = Ig R(T):

Gett = Gth + Grad — a Py (D

The effective conductance is related to the temperature 7" and
the non-linear resistance of the device as:
P; IZR(T)

Geii(T) = — = —— 2

()= 3= 7 g )
where T is the ambient temperature of the substrate (the heat
sink). In the current geometry, G4q is negligibly small. It is
expressed as:

Grag = 8eAq0T; 3)

where ¢ is the device emissivity and is assumed equal to the
device absorption n at all wavelengths, A is the area of the detec-
tor and o is the Stefan—Boltzmann constant. The dependence of
the thermal conductance on the Joule heating, the non-linear
resistance and TCR of the device was investigated by calcu-
lating Gefr and Gy, using Eqgs. (1) and (2) over the entire bias
range from —2 pA to 2 wA. The mean room temperature Gy,
was calculated to be 5.61 x 1077 W/K with a standard devia-
tion of 3.63 x 10~ W/K, which is comparable to those reported
earlier [32]. Similarly sized, non-micromachined devices in
full contact with the substrate have a thermal conductance an
order of magnitude higher [32]. Fig. 4 shows the resistance of
the device as a function of the dissipated power. Measured as
well as theoretical data are shown. The theoretical device resis-
tance was calculated from the measured mean thermal conduc-
tance Gy, using Geff = G + Grag — @ Py, and the Arrhenius
relation.

The optical characterization was done using a blackbody IR
source kept at 900 °C. The detector was biased from 136 nA
to 970 nA. The device output was measured by a dynamic sig-
nal analyzer through a low noise preamplifier. For calibration
purposes, an Oriel 70124 pyroelectric detector with a respon-
sivity of 1000 V/W was used. The device was mounted inside
a cryostat and the measurements were made in air as well as in
vacuum with the cryostat evacuated to ~100 m Torr pressure. A
chopper was used to modulate the infrared signal incident on
the detector. Fig. 5 shows a typical signal spectrum. The device
had a maximum voltage responsivity Ry of 9.2 x 10?> V/W and
7.4 x 10 V/W in air and vacuum, respectively. The expression

for the voltage responsivity is Ry = naRIly/Gn(1 + a)2rt2h)1/2
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Fig. 4. Measured and theoretical resistance of the device resistance. The theoret-
ical resistance was calculated using the mean calculated Gy, =5.61 x 1077 W/K.

[35], where 7 is the optical absorption coefficient of the ther-
mometer, o is the angular modulation frequency of the incident
IR radiation and 1y, is the thermal response time of the detector
Tth = Cin/G, 1.€., the ratio of the thermal capacitance to the ther-
mal conductance of the microbolometer. The fact that there is an
appreciable improvement in the detector responsivity with evac-
uation of air points to good thermal isolation achieved between
the detector and the substrate by micromachining. In addition
to the signal at different chopper frequencies, noise at these fre-
quencies was also measured (Fig. 5), which was used to calculate
the specific detectivity defined as D* = Ry /AAf/AV, [35].
Here, A is the detector area, Af is the electrical bandwidth and
AV, is the total noise voltage in frequency bandwidth Af. The
detectivity is a form of area normalized signal-to-noise ratio.
The highest measured detectivity of the device in vacuum was
6.6 x 107 cm Hz!"2/W at 94.4 Hz with a bias current of 970 nA.
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Fig. 5. A typical signal spectrum showing the signal peak at 23 Hz and the noise
spectrum. Odd harmonics of the signal are also visible. Measurement was made
at 50 mT pressure at a fixed current bias of 970 nA.
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Fig. 6. Responsivity and detectivity in vacuum of a 40 pum x 40 pwm detector on
a layer of supporting Si3Ny. vs. optical modulation frequency.

Fig. 6 shows the responsivity and detectivity measured in vac-
uum as a function of chopper frequency.

The effect of substrate heating on detector performance was
also investigated. The detectors were placed in a cryostat with
a ZnSe window. The cryostat was evacuated to 50 mT pres-
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sure. To emulate a point source, a small aperture was placed
in front of the blackbody source and a ZnSe lens was used
to focus the infrared energy onto the detector. A smaller aper-
ture would have been desirable as it would have meant higher
image resolution. However, the infrared power incident on the
detector was a limiting constraint. The aperture was kept at
400-500 wm to keep the power incident on the detector greater
than the noise equivalent power (NEP). The lens was mounted
on an XYZ-axes translational stage controlled by a Newport
MM3000 motion controller. This made it possible to traverse
a small spot of light on the surface of the detector while keep-
ing the detector in the plane of optical focus. The detector was
biased with 0.97 wA of current. An HP 3561A dynamic signal
analyzer was used to record the detector output. A SRS 560
low noise amplifier was used to improve the signal to noise
ratio before the signal analyzer. The area in the vicinity of the
detector was scanned in steps of 25 pwm and the detector output
signal was plotted using MATLAB. The experiment was per-
formed on two devices; a self-supported 60 pum x 60 wm device
[32] and 240 pm x 40 pm micromachined bolometer supported
by a Si3zN4 membrane presented in this work. The images in
Figs. 7 and 8 show a convolution of the spot of infrared light
over the area of the detector. The dimensions of the images are
comparable to those of the microbolometer pixels. In vacuum
environment, the self-supported device is thermally connected
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Fig. 7. 60 pm x 60 wm self-supporting device scanned by a point source of infrared light. (a) Isotropic view and (b) top view.
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Fig. 8. A 40 pwm x 40 pm device on SizN4 support membrane scanned by a point source of infrared light. (a) Isotropic view and (b) top view.
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to the ambient by the Ti arms, while the trenches in the support-
ing Si3zN4 membrane isolate the detector from the ambient and
minimize the effect of substrate heating. Because of good ther-
mal isolation from the ambient, the detectors respond only to
direct incident infrared radiation. This makes them suitable can-
didates for larger arrays on polyimides without compromising
image resolution due to cross talk between adjacent pixels.

4. Device-level vacuum packaging

Microbolometers work best when they have as low ther-
mal loss as possible. Isolating the detector from the substrate
by micromachining serves to this end. Further improvement
in performance is obtained by operation in vacuum. This has
hitherto been done by using conventional packaging techniques.
The process consists of dicing the wafer, mounting on suitable
ceramic or metal packages and wire bonding using ultrasonic
or thermo-ionic techniques. This is followed by capping. For
microbolometers, this would require an optically transparent cap
in the IR range, which can be sealed on top of the package in
vacuum. This packaging technique is adopted from traditional
CMOS processing, where the packaged chips are mounted on
boards for computers and communication devices. This is an
expensive technique and also sacrifices the flexibility of the
detector.

Chip-scale packaging has also been employed. Of special
interest is die-level vacuum packaging technology demon-
strated, among others, by Lee et al. [33] and Cheng et al. [34].
The main idea has been to fabricate devices on a silicon wafer
and apply a top glass cap structure in vacuum. The joints are
sealed to yield vacuum-packaged devices. These methods have
shown to provide sufficiently low level of pressure around the
packaged device. However, in case of the detectors on flexible
substrates, the polyimide substrate has to be peeled off the car-
rier silicon substrate after completion of the fabrication process,
a procedure that would get more challenging with the introduc-
tion of a capping wafer. Hence, device-level vacuum packaging
is considered.

Using the current microbolometer design, a new device-
level packaging scheme was investigated, where the vacuum
packaging is completed during the fabrication process, using
a combination of conventional micromachining and vacuum
sealing techniques. The process builds on the micromachined
devices presented above and is fully CMOS compatible. After
fabricating the detector pixel, trenches are opened in the support-
ing nitride layer to expose the underlying sacrificial polyimide
(Fig. 1(e)). Instead of proceeding with the micromachining,
however, 1 wm-thick photo definable polyimide PI2737 is spun
on the wafer and patterned to form a mesa above the detector.
Si3Ny is then deposited on and patterned to be etched above
the polyimide mesa. 0.5 pm of PI2737 is again spun on and
patterned to make a larger mesa than the previous one. Another
layer of Si3N4 (0.5 pm) is deposited and patterned to be removed
above the larger mesa. These steps facilitate the fabrication of a
stepped nitride well filled with polyimide. A layer of a mechan-
ically strong, albeit optically transparent material, can then be
deposited. Slits can be opened in the optical layer to expose the

(a)

Fig. 9. CoventorWare® model of proposed device-level vacuum packaged
microbolometer. (a) Complete bolometer showing open Au bond pads with
optical layer rendered transparent and (b) vacuum cavity sectioned at YZ and
magnified 20X to show detail. (A) Trench in support layer of SizN4 and SrTiO3
to facilitate micromachining under the bolometer, (B) support layers of SizN4
and SrTiO3, (C) Ti arm, (D) Au pad, (E) YBCO detector element, (F) Al reflect-
ing mirror, (G) lateral etch stop and step geometry to facilitate cavity formation
above the detector, (H) optically transparent layer of Al;O3 and plugs to seal
the vacuum cavity.

sacrificial polyimide that can then be removed by oxygen plasma
ashing. The nitride enclosure will limit lateral ashing and direct
the micromachining through the open trenches towards the sacri-
ficial polyimide supporting the detector from underneath. Upon
completion of the micromachining process, the slits opened in
the optical layer can be sealed shut by sputtering some more
of the same material. This yields a vacuum cavity evacuated
to the sputtering pressure of 10 m Torr and encapsulated by an
optical window. Polyimide PI5878G can then be spun onto the
wafer to yield the superstrate. The polyimide superstrate pro-
vides mechanical strength to the vacuum cavity. It will also
help keep the detector close to the zero-strain plane [27]. Bond
pads can be opened for subsequent characterization. Fig. 9(a)
shows a computer-generated model of the completed vacuum
cavity while the interior details of the proposed vacuum cavity
can be seen in Fig. 9(b). Given the glass transition tempera-
tures of 400 °C and 360 °C of PI5878G and P12610 polyimides,
respectively, the detectors could be baked at a suitable lower tem-
perature prior to vacuum sealing. This would reduce outgassing
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Fig. 10. CoventorWARE® model of a flexible vacuum cavity showing mesh
generated for finite-element structural analysis. The figure has been magnified
50X along the z-axis and the superstrate and optical window have been removed
to show interior details of the cavity.

in the vacuum cavity without affecting the stoichometry of the
sensor material YBCO. The impact of baking on the quality of
the vacuum over an extended period of time would need to be
investigated.

The design of the vacuum cavity will largely depend on the
optical and mechanical properties of the material chosen to form
the optical window. The optical window will have to withstand
a pressure differential of approximately 1 atm. For the vacuum
cavity to survive when subjected to the atmospheric pressure
and the weight of the superstrate polyimide, the stresses induced
on this window should be less than the yield stress of the mate-
rial. This was investigated using computer simulations. A model
of the vacuum package was created using CoventorWare® and
analyzed to study feasibility (Figs. 9 and 10). CoventorWare®
creates a 3-D model using 2-D process masks and a process
flow based on deposit and etch steps. It employs finite-element
analysis for numerical computations.

Fig. 10 shows a CoventorWare® model of a flexible micro-
cavity. The polyimide superstrate and the optical window have
been removed to show interior details of the microcavity. Based
on the mechanical strength and optical transmission characteris-
tics, materials suitable for the role of the optical window include
AlpO3, ZnSe and Si. Amorphous Al,O3 has over 90% optical
transmission in the infrared region up to 15 pum [36,37], while
ZnSe has an optical transmission range up to 22 wm [36]. Si
has an optical transmission range up to 15 wm [36]. All of these
materials can be deposited by rf-sputtering. The transmission
properties of ZnSe and Si have been quoted for a single crys-
tal material and would be poorer for amorphous films deposited
by sputtering. For simulation purposes, the optical window lat-
eral dimensions were kept 100 wm x 100 pm and a thickness of
2.5 pm was assumed. The top surface of the model was exposed
to 1 atm pressure. The stress in the optical window was com-
puted using finite-element analysis. Both Al,O3 and ZnSe were
tested as a window material. It was concluded that Al,O3 is
the more appropriate material as the stresses developed were

Table 1
Induced Von Mises stress in bent microcavity optical window made of Al,O3

Radius of curvature (mm) Max Mises stress (MPa)

48.0 30
12.0 44
7.0 990
5.1 1300
4.2 1500
3.6 1600
32 1800
29 2000
2.6 2100

Al O3 has a tensile strength of 260 MPa [36].

less than the tensile strength of 0.26 GPa [36]. The stress in the
Al,O3 increases as the detector/vacuum cavity is bent across
smaller radii of curvature. After application of the superstrate
polyimide though, it is the polyimide superstrate and not the
Al,O3 membrane that maintains the integrity of the vacuum
element. Stresses produced in the optical window are shown in
Table 1. Similar analysis with a ZnSe optical window showed a
failure of the optical window because crystalline ZnSe has much
lower yield strength of 55 MPa [38].

The optical transmission characteristics of the superstrate
polyimide PIS878G have been measured and published [39].
There are transmission windows in the short wave region up to
5 pm as well as another transmission window in the far infrared
region around 11 pm. The bolometer needs to be tuned to one
of these transmission windows for maximum absorption.

5. Conclusion

A new micromachined infrared detector on a flexible sub-
strate is presented. Unlike previously reported microbolometers
on polyimides, these detectors are supported by a thin layer of
SizNy4. Despite the difference in geometry, the measured ther-
mal conductance Gy, is comparable to that of self-supported
devices. This opens the possibility of employing infrared sensors
on thin membranes integrated with pressure sensors or micro-
phones/speakers; thus leading to more compact multi-functional
sensor systems on flexible substrates. Room temperature TCR of
—2.63% K~ and a relatively low mean thermal conductivity of
5.61 x 1077 W/K were measured. The maximum responsivity
of the detectors was 7.4 x 103 V/W in vacuum. The maximum
detectivity in vacuum was 6.6 x 10° cm Hz!/2/W. The effect of
substrate heating on the performance of the detector was also
investigated and was found to be negligible. As a step towards
truly flexible detectors, the idea of a flexible device-level vac-
uum cavity was analyzed using FEM based CoventorWARE® .
Different materials were simulated to investigate suitability as
a robust yet optically transparent optical window material for
a self-packaged flexible bolometer. Al,O3 was found to be the
most suitable. The stresses produced in the vacuum cavity, espe-
cially in the optical window, were found to be in the linear region,
even when the cavity was bent through a radius of ~10 mm;
mimicking wrapping these detectors around a small cylinder,
such as a pen. Future work entails fabrication of vacuum encap-
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sulated detectors based on the current analysis. The detectors
are going to be sandwiched between a PIS878G superstrate and
substrate, creating a vacuum “bubble” around the detectors. This
will contribute to greater mechanical strength as the device can
be placed in a near-zero-strain plane between the top and bottom
layers of the polyimide.
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