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Fabrication and Characterization of Integrated
Uncooled Infrared Sensor Arrays Using a-Si
Thin-Film Transistors as Active Elements
Liang Dong, Member, IEEE, Ruifeng Yue, and Litian Liu

Abstract—In this paper, we report on the first realization and
characterization of monolithic uncooled 8 8 infrared sensor arrays, based on amorphous silicon thin-film transistors (a-Si TFT).
The a-Si TFT is employed as the active element of the sensor, because it possesses a high temperature coefficient of its drain current
of 1.5%–6.5% K 1 at room temperature. The improved porous
silicon micromachining techniques described here enable the integration of the a-Si TFT-based sensor array with the MOS readout
circuitry. The sacrificial material of porous silicon is prepared in
the first step. It is then well protected all the time during the fabrication of MOSFETs and sensors before being released. Optical
tests are performed to characterize the sensor. The influences of
the gate voltage of a-Si TFT ( ) and the voltage source of the circuitry (
) on the sensor performance are investigated. The measurement indicates that the sensor has a maximum detectivity of
= 15 V,
= 12 V and
8.67 108 cm Hz1 2 W 1 at
a chopping frequency of 30 Hz. The noise equivalent power (NEP)
of the sensor is less than 10 10 W Hz 1 2 , and the noise equivalent temperature difference (NETD) is as low as 67 mK at room
temperature, which compares well with the recent results of some
uncooled IR sensors developed by other groups. Primary imaging
tests indicate that the 8 8 sensor array has potential for high performance imaging applications.
[1168]
Index Terms—Infrared detection, micromachining, thin-film
transistor (TFT), thermal imaging.

I. INTRODUCTION

R

ECENTLY, uncooled infrared sensors have been rapidly
developed and can be found in thermal imaging, IR
spectroscopy, pollution control, and in situ monitoring of semiconductor wafers during processing. Thermal sensors exploit a
simple principle: the heat generated by absorbed IR radiation
increases the temperature, which in turn changes a physical
property (i.e.,: resistance, capacitance, polarization, and so
on) of the active element. They usually show a relatively flat
response over a wide range of wavelengths and are sensitive
. There are several kinds
up to wavelengths longer than 100
of available uncooled IR sensors such as resistive or dielectric
microbolometers [1]–[7], pyroelectric detectors [8]–[11], and
thermopiles [12]–[14]. In essence, all these sensors consist
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of a two-dimension array of thermosensitive pixels, whose
temperature is increased by the impinging IR radiation. Regardless of the detection mechanism, the important factors of
achieving high responsivity are the thermal isolation of the
device, the capability of the device to absorb IR radiation, and
the temperature sensitivity of the active element.
To achieve good thermal isolation of the device, the use of micromachining techniques makes it possible to place the active element on top of a suspended air bridge that is thermally isolated
from the bulk substrate. A number of fabrication procedures
have been utilized to realize a micromachined bridge structure.
For bulk micromachining techniques, anisotropic silicon wetetching is usually preferred for fabrication of the large-area thermopiles [15], while isotropic silicon dry-etching and porous
silicon micromachining techniques appear in some small-area
uncooled IR sensors [16], [17]. For surface micromachining
techniques, a lot of sacrificial materials are used to fabricate the
[20]
air bridge, such as polyimide [18], polysilicon [19],
or MgO [21]. In addition, wafer-bonding is also a good choice,
which is based on low-temperature adhesive bonding of the sacrificial device wafer to the target wafer [22]. Traditionally, the
active element is supported by a low-conductivity layer of silicon oxide, silicon nitride, or silicon oxinitride. To further reduce the thermal conductance of the device, there have appeared
self-supporting uncooled infrared sensors, where the active element is held above the substrate only by itself or by the electrode arms without the need of any underlying supporting membrane [20], [23]. Sometimes, the whole device is built on top of
the low thermal conductivity materials such as P(VDF/TrFE)
copolymer [24] and porous silicon [25] instead of air bridges.
This substitution can not only improve the mechanical strength
of the device, but also simplify the fabrication procedure, though
the responsivity has to be further improved.
To improve the IR absorptance of the device, a number of
methods have been reported. In early examples, thin metallic
films such as gold are employed as the absorber, because they
can absorb about 50% of the incident IR radiation independent
of wavelength in theory when the electrical resistance of the
[26]. Unfortunately, the strong requirefilm is 189
ment of thickness control certainly limits the practical application of this kind of semitransparent metallic films. Dielectric
layers having appropriate absorption characteristics are also a
suitable option, an example being the widely used silicon nitride
passivation layer that has an absorption-peak at about 11.5
[27]. Forming an optical interference resonant cavity can improve the absorptance to nearly 100% for a certain wavelength.
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For a quarter-wave optical cavity, researchers commonly fabriwavecate an air gap which, for maximum absorptance at 10
length, means that the sensor is separated from the back surface
[4], [19]. Some groups do not
reflector by a gap of about 2.5
use this air gap, but certain dielectric materials with appropriate
refractive index to form the resonant cavity [5], [20], [28]. This
method provides greater flexibility in fabrication.
The choice of active-element materials is a multidimensional
problem. A wide variety of materials have been used for the
active elements of uncooled infrared sensors. Vanadium oxide
is widely known and used as resistive bolometer materials because of its high temperature coefficient of resistance
at 300 K [1]. However,
is not a stan(TCR) of 2–3%
dard material in IC fabrication; thin-film
undergoes a semiconductor-to-metal transition near 68 , accompanied by drathin film with a
matic drop of resistance; the depositing of
,
, and
is challenging
suitable mixed phase of
due to the narrowness of the stability range of oxides. Recently,
another alternative resistive bolometer material is the semiconductor phase of Y-Ba-Cu-O [21], [23], [29], which has a high
and is deposited at room temperature. HowTCR of 3%
ever, like
, it is not commonly used in IC technology. For
some IC compatible materials employed for active elements,
, they resuch as poly-SiGe alloy having a TCR of 1–3%
to
quire such a high processing-temperature of above 650
achieve a suitable resistance and reduction of residual stress that
the fabricated readout circuitry is destroyed [20]. There are efforts to implement a bolometer uncooled infrared sensor using
IC compatible meal films [2]. Metals have low excess current
noise, but low TCR is characteristical for them with two orders
of magnitude lower values than semiconductors. In recent years,
the use of the pyroelectric effect in thin-film ferroelectrics such
as lead zirconium titanate (PZT) for uncooled IR sensors has
generated much interest [30]. The feasibility of the pyroelectric sensor depends upon factors such as sufficiently high responsivity, and ease of device fabrication. However, high tem, are required to imperature anneals, typically above 550
prove crystallization quality of ferroelectric thin films, and thus
to achieve a high pyroelectric coefficient. This is an obstacle to
integrate ferroelectric thin films and readout IC together on silicon substrates.
As we know, amorphous silicon thin-film transistors (a-Si
TFTs) are widely used as the switching components in active
matrix liquid crystal displays, X-ray imagers and printing heads.
However, the thermal characteristics of the a-Si TFT have little
been exploited for the thermal sensors. In this paper, the a-Si
TFT is proposed to act as the active element of uncooled IR
sensors. One important reason that the a-Si TFT is useful for IR
detections is that it has a sensitive temperature dependence of
its drain current. According to our experiments, the measured
temperature coefficient of the drain current (TCC) of an a-Si
at room temperature, as described in Part
TFT is 1.5–6.5%
IV. Compared with the TCR values of some typical materials
and poly-SiGe, the a-Si TFT shows higher temsuch as
perature sensitivity. Apart from this, the a-Si TFT is fabricated
below 350 by using standard IC processes. In consequence,
the a-Si TFT-based uncooled IR sensor could integrate monolithically with smart electronics.

As a figure-of-merit evaluating how the drain current
of the a-Si TFT responds to a change in temperature
, the
. The drain current in
TCC is expressed as
a-Si TFTs can be expressed essentially as for crystalline silicon
MOSFETs [31]
(1)
is the gate
where is the carrier mobility in the channel,
and are the gate dimensions,
capacitance per unit area,
are the gate voltage, the drain voltage and
and , , and
the threshold voltage of the a-Si TFT, respectively. In (1), two
important parameters that are sensitive to the temperature are
the carrier mobility and the threshold voltage. The temperature
dependence of the mobility is given by [31]
(2)
is the extended state electron mobility,
is the exwhere
tended state electron density,
is the effective density of band
is the activation energy, and is the Boltzmann
tail states,
constant. The threshold voltage depends on the initial charge
of the a-Si channel region, and is expressed as
density
, where is the a-Si thickness [31]. Since at
room temperature the initial charge density of the a-Si is mainly
can be
determined by the extended state electron density,
, where
is the
expressed as
conduction band edge energy, and
is the Fermi energy. Thus,
the temperature dependence of the threshold voltage is given by
(3)
The expression for the TCC can be derived from (1)–(3), and
is given by
(4)
Here, the first part is a positive value representing the temperature dependence of the carrier mobility, and the second part
is a negative value representing the temperature dependence of
the threshold voltage. Therefore, both the carrier mobility shift
and the threshold voltage shift contribute to the high temperature sensitivity of the a-Si TFT. It is interesting to point out
that as the temperature rises, essentially different from the active crystalline silicon in MOSFETs, the carrier mobility of the
a-Si channel region increases due to the thermal activation of
carriers at room temperature.
II. PIXEL STRUCTURE AND ARRAY CIRCUIT
The structure of the fabricated single sensor based on a-Si
TFT is displayed in Fig. 1. Like other thermal sensors, the active element needs to be thermally isolated from heat sinks to
improve the sensitivity. For this purpose, the a-Si TFT is fabricated onto a thermally well-isolated air bridge with a cavity
. The bulk silicon underneath the air bridge is reheight of 10
moved using porous silicon micromachining. It should be noted
out that the inverted-staggered a-Si TFT having a bottom metal
gate is preferred for the active element, because the gate serves
as a reflector. The incident IR radiation could be reflected at the
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SEM picture of a fabricated single IR sensor.

gate and be absorbed twice by absorptive materials. For certain
, no additional material
spectral bands in the region of 8–14
for enhancing IR absorption is needed, since the SiON passiva)
tion layer has good IR absorptions due to Si-O bonds (8–10
). Numerical calculations show an
and Si-N bonds (11–13
band.
absorptivity of over 60% can be reached in the 8–14
90
, and
In this design, each pixel has an area of 150
the a-Si TFT has a ratio of channel width to length (W/L) of
/8
.
100
Fig. 2 shows the configuration of an integrated sensor array
circuitry, which contains 8 8 pixels, vertical and horizontal
shift registers, switches and a preamplifier. The multiplexing operation allows individual addressing of each pixel. Since the currently fabricated array is a small-scale prototype, serial readout
with a single preamplifier is selected for simple implementation. A sensing pixel and a reference element are selected by
incorporating vertical and horizontal shift registers, and then
connected with two identical load resistors to form a Wheatstone-like bridge that converts the drain current change into
voltage signals. The reference element is identical to the sensing
pixel, except that it is placed on the bulk substrates. An additional MOSFET (referred to as the “Mb”) is used to balance the
bridge.
Fig. 2.

Schematic view of the circuitry for a monolithic 8

2 8 IR sensor array.

III. FABRICATION
The integrated a-Si TFT-based IR sensors were fabricated
using a novel integration approach that was based on the porous
silicon micromachining technique and NMOS IC process. Although many groups have reported on micromachining applications of porous silicon, they are generally concerned about either
formation and etching of porous silicon or overcoming geometrical limitations of the freestanding membrane. To our knowledge, there are few reports on integration schemes of combining
porous silicon micromachining process for MEMS-structures
with the standard IC process for smart electronics. Our integration scheme mainly consists of three parts in the following

sequence: (i) fabrication and protection of porous silicon sacrificial layer (SL); (ii) fabrication of readout circuits using the
standard IC process; and (iii) deposition and patterning of the
films for the sensors, followed by releasing the SL. A detailed
description of the fabrication procedures in Fig. 3.
Low-doped p-type silicon wafers (3 inch, 30–50
resistivity,
-oriented) were used as the starting substrates.
and
A composite membrane consisting of 100-nm-thick
was deposited by low-pressure chem150-nm–thick
ical vapor deposition (LPCVD) as the masking layer against
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Process flow for a-Si TFT-based IR sensors. (a-1) and (b-1) display optical micrographs for step (a) and step (b), respectively.

hydrofluoric acid (HF) during porous silicon formation. To
easily prepare the porous silicon within high-resistivity wafers,
windows for ion-implantation were opened on the masking
regions were formed by ion implanting
layer. Heavily doped
(5
boron at 100 keV) and thermal drive-in (8 hours
) procedures resulting in deep junctions to a depth
at 1200
. The porous silicon was prepared using conventional
of 10
anodization methods. It was carried out in a solution of 20%
wt. HF, 30% water and 50% alcohol with a constant current of
for 8 min. The thickness of the prepared porous
30
in accordance with the depth of
silicon layer was about 10
well [Fig. 3(a) and (a-1)]. It should be pointed out that
the
two factors were taken into account in arranging the porous
silicon formation in the first step. First, if it was carried out after
deposition and patterning of the sensing films, lateral formation
of porous silicon underneath a structure membrane would be
much more difficult than vertical formation [32], because the
electrical current could not reach the central silicon region
unless the lateral dimension of the structure membrane was
small. Second, to protect the formed MOSFETs and sensing
films during postpreparing porous silicon requires an additional
protective coating such as silicon carbide (SiC) deposited at a
and having a low stress and
low temperature of less than 400
excellent etching resistance in high-concentration HF solutions,
which is also challenging.
After porous silicon formation, the wafer was immersed into
a 40% wt. HF solution to remove the masking layer. In the subsequent process such as field oxide growth at a temperature of

, if the porous silicon was exposed to such a
above 1000
high temperature and left unsealed it would be oxidized and
even destroyed. Therefore, a protective membrane consisting of
and 150 nm thick LPCVD
50-nm-thick LPCVD
was deposited and patterned to seal the porous silicon surface
[Fig. 3(b) and (b-1)].
Next, n-MOSFETs were fabricated. A 600-nm-thick LPCVD
was then deposited over the circuit to form a flat surface.
This film was combined with the
(150 nm)/
(50 nm)
protective membrane to form a low-stress sandwich structure to
support the postfabricated air bridge [Fig. 3(c)]. It was found
that the porous silicon expanded thermally after the MOSFETs
fabrication, which may contribute to the nanometer pores of the
porous silicon.
The fabrication of a-Si TFTs was then carried out. A
400-nm-thick Al film was deposited over the wafer by sputtering and patterned for the gate electrodes of the a-Si TFTs.
After a 300-nm-thick SiN gate insulator, a 150-nm-thick
undoped a-Si active layer and a 30-nm-thick boron-doped
a-Si source/drain contact layer were deposited by plasma
enhanced chemical vapor deposition (PECVD) at 300
without breaking the vacuum, the two a-Si films were patterned
by dry etching, followed by opening the contact holes to the
n-MOSFETs. A 1.0- -thick Al film was deposited and patterned to form the source/drain electrodes of the a-Si TFTs
and the electrical connections of the circuitry. The doped a-Si
between drain and source electrode was then removed by dry
etching. After deposition of an 800-nm-thick PECVD-SiON
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Fig. 5. Drain current versus drain voltage characteristic of the a-Si TFT on an
air bridge. W=L = 100 m=8 m.

been studied. We attempted to make SU8-5 negative photoresist
or PECVD-SiC films to endure long times in HF solutions.
IV. RESULTS AND DISCUSSION

Fig. 4.

SEM picture of an 8

2 8 a-Si TFT-based IR sensor array.

passivation layer, anneals were performed at 350
for 40 min
in a hydrogen ambient [Fig. 3(d)].
Finally, etching holes were patterned and opened by removal
of a stack of films until the top surface of the porous silicon appeared. To release the porous silicon sacrificial layer, the wafers
were immersed into a solution of 5% wt. tetra-methyl-ammonium-hydroxide solution, 1.6% dissolved silicon powder
. The temperature of the solution was
and 0.6%
with a constant temperature bath. The
brought up to 85
porous silicon was completely removed within 15 min. At this
point, the sensors were complete [Fig. 3(e)].
A fabricated 8 8 sensor array is shown in Fig. 4. The overall
chip dimension is 1.9 mm 1.7 mm, and 45% of its area is
covered by 64 pixels. In our experiments, the notorious stiction
problem did not occur. It was attributable to the thick porous
silicon SL, which was much thicker than some traditional SL
and poly-Si. Of course, this advantage
materials such as
is based on sufficient protection of the porous silicon. We can
increase the thickness of the porous silicon to achieve larger
dimensions of the suspending membrane if necessary. It should
be pointed out that the integration approach described above
could be modularized to develop other sensors and actuators.
To simply the sensor fabrication process, preparing the porous
silicon within middle- or high-resistivity silicon substrates has

In the beginning, the drain current versus drain voltage
characteristic of the suspended p-type a-Si TFT was measured using HP4155B Semiconductor Parameter Analyzer. As
and beshown in Fig. 5, the drain current increased with
came saturated at high drain voltages. Hence the present a-Si
TFT exhibited a typical transistor characteristic. The threshold
from
voltage of the a-Si TFT was determined to be
versus
for
, and the carrier
the plot of
. The
mobility was calculated to be approximately 0.32
same a-Si TFT was then mounted into a closed cryostat and electrically connected to HP4155B Semiconductor Parameter Anacharacterlyzer. The drain current versus temperature
was measured over a temperature
istic for
range from 270 to 340 K. Fig. 6 presents the typical temperature
dependence of the drain current and TCC values. As the temperature increased, the a-Si TFT exhibited higher drain current.
The TCC value was sensitive to temperature change, decreasing
. At 296 K the a-Si
with the temperature from 6.5 to 1.5%
with a TCC value of 4.75%
TFT had a drain current of 1.65
. Although it was experimentally found that the TCC value
was relatively insensitive to the change of the ratio of W/L of
the a-Si TFT as expected from (4), we believe that a larger ratio
of W/L is helpful for the signal readout, because it could proand consequently a larger
vide a larger bias drain current
.
absolute drain current change
Optical tests were performed to characterize the same device
with a single test circuit illustrated in Fig. 7. A low noise bat, and a precise resistor
tery was used as the voltage source
was used as the load element that converted
the drain current change into voltage signals. The device was
mounted on a stage controlled by a position-manipulator and
then exposed to the radiation of a calibrated blackbody (CI Systems SR20) heated at 700 . The incident radiation was modulated by a mechanical chopper. The ac voltage signal was fed
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Fig. 6. Typical temperature dependence of the drain current and TCC values.
W=L
 =  . The I
T characteristics were performed at V
V
: .

= 100 m 8 m
= 07 5 V

Fig. 7.

0

=

Schematic diagram of the optical measurement system.

into a lock-in amplifier (SR510) with a bandwidth of 1 Hz. The
of the sensor was measured both by the lock-in
noise voltage
amplifier and by a dynamic signal analyzer (HP 3561A).
of the a-Si TFT-based IR
The voltage responsivity
sensor is defined as the output voltage signal generated per unit
input IR radiation power falling on the sensor surface, and is
expressed as
(5)
is the load resistance,
is
where is the IR absorptivity,
the total thermal conductance to thermal sinks, is the radiation modulation frequency, and is the thermal time constant.
is a figure-of-merit that takes
The normalized detectivity
into account the area and noise of the device as well as its re, where is
sponsivity, and is given by
the area of the sensor, and
is the measurement bandwidth.
In general, the noise voltage is determined by the sum of the
contributions of temperature fluctuation noise, Johnson noise,
, the device must
and low frequency noise. To achieve a high
have a large value of
, as well as a low noise spectral den. Another important figure-of-merit for a sensor
sity
is the noise equivalent power (NEP), which takes into account
both gain and noise parameters of the sensor and can be related

p1f and
= 010 V and

Fig. 8. Typical (a) responsivity, (b) noise spectral density
detectivity as a function of chopping frequency for V
: .
V

= 07 5 V

V =

to the responsivity. It is generally expressed as the incident radiation power required to produce a signal amplitude equal to
the root mean square (rms) noise of the sensor, and is given by
.
The typical responsivity, noise spectral density
and
detectivity are shown in Fig. 8, as a function of chopping freand
.
was found in
quency for
Fig. 8(a) to have a flat response until a frequency of 100 Hz was
reached due to the thermal time constant of the sensor. By fitting
the measured responsivity using (5), a steady-state responsivity
of 57.1 kV/W and a thermal time constant of 9.7 ms were obshape at low frequentained. The noise voltage exhibited a
was 3.48
at
cies. The measured
dropping to a value of 0.29
at 800 Hz. Although the
exact origin of the noise needs to be further investigated, it is benoise has a large contribution due to the nonlieved that the
crystalline structure of the amorphous silicon. The channel reof the a-Si TFT also serves as an important source of
sistance
voltage fluctuations due to Johnson noise (thermal noise) given
, independent of frequency, where is
by
the Boltzmann constant. The calculated Johnson noise spectral
that
density of the test circuitry was around 0.21
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Fig. 9. Influences of the gate voltage of the a-Si TFT on (a) responsivity, (b) noise spectral density and detectivity for 30 and 60 Hz. The voltage source V
constant at 10 V .

was

0

was slightly below the total
, indicating the Johnson
noise at high frequencies. The denoise dominated over the
and
tectivity was calculated using the measured
values. In the case of
and
,a
was
relatively constant detectivity of 2–3
found from 15–130 Hz in Fig. 8(b), which could be translated
independent of the
into an NEP of 0.58–0.39
area the sensor.
Since the drain current of the a-Si TFT was controlled by the
gate voltage, the influences of the gate voltage on the sensor performance such as responsivity, noise spectral density and detecwas constant at
tivity were investigated. The voltage source
. The measured
for two frequencies and
characteristics are shown in Fig. 9(a). At
, below
, the responsivity was measured to
threshold
be as low as 700 V/W due to the low drain current on the order
. As
exceeded 5 V, the drain current was found
of
, which should theto increase approximately linearly with
oretically ensure that the responsivity varied linearly with
according to (5). However, the increasing rate became slower

than the expectation due to the self-heating effect that caused a
reduction of the TCC value. On the other hand, the noise spec, which
tral density was found in Fig. 9(b) to decrease with
was the consequence of the effective depression of the Johnson
noise. The
noise characteristic was in accornoise and
dance with the Hooge relation [33]
(6)
, and
is the number of charge carriers of
where
increased, the numerator
dethe a-Si film. As
creased, while more carriers were produced in the channel
of the a-Si TFT due to the field effect. The resultant
characteristic in Fig. 9(b) indicated that the defor
and
tectivity of 8.07
6.59
for
was achieved at
. These two values were higher by more than
and
four orders of magnitude than those at
corresponded to NEP values of 0.14
and
, respectively.
0.18
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Fig. 10. Influences of the voltage source of the test circuitry on (a) responsivity, (b) noise spectral density and detectivity for 30 and 60 Hz. The gate voltage V
was constant at 15 V .

0

We selected the gate voltage of
to investigate the
on responsivity, noise specinfluences of the voltage source
tral density, and detectivity. As shown in Fig. 10(a), the shape of
did not translate directly to that of
due to the
self-heating effect. In Fig. 10(b) the noise spectral density in, while the detectivity increased and reached
creased with
the peak value of 8.67
for
and
for
at
,
7.29
which corresponded to NEP values of 0.13
and 0.16
, respectively. It was also found that
the thermal time constant of 9.7 ms was almost unchanged for
and
.
different values of
According to the results above, the optimum bias voltage was
and
from the point of
selected to be
view of detectivity. In this case, the sensor was the most sensitive
to the temperature change of the heat source. The figure-of-merit
of noise equivalent temperature difference (NETD) was used
to evaluate the detectable temperature difference of the sensor.
NETD is defined as the temperature of a heat source above
(or below) the background temperature that produces an output

signal in the sensor equal to the total noise. When the sensor is
applied in the focal plane arrays of thermal imaging systems, the
NETD characterizes the minimum temperature variation across
a scene or an object that the sensor can detect, and is given as
(7)
where is the focal length of the optics, is the transmittance
of the optics, and
is the change with temperature of the power density from a black body at temperature
radiated to a detector from wavelength
to . To calculate
the NETD, we assumed that the measurement was carried out
where
at 296 K in the IR spectrum of 8–14
is about 2.63
, and
optics were used
. The NETD of the sensor was calculated to be 68
with
and 81 mK for
, which indicated
mK for
the sensor had sufficient temperature resolution for the high-performance IR imaging.
The spectral response of the sensor was also measured in the
wavelength range of 1–20
with a monochromator and the
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Spectral response of the sensor in the wavelength region of 1–20 m.

2

Fig. 13. Voltage responsivity surface of the 8 8 sensor array. The gate
voltage was 15 V , and the voltage source of the circuit was 12 V .

0

Fig. 14.

Fig. 12. FTIR absorption spectra of the stacked films: SiON/a-Si/SiN/Al and
SiON/a-Si/SiN. The thickness of the SiON, a-Si, SiN, and Al films was 800,
150, 300, and 400 nm, respectively.

same blackbody source. As shown in Fig. 11, the sensor had a
to 6.5
relatively flat response ranging from 3
in the 1–20
wavelength range. The peaks at around 9, 10.1
were attributable to the absorption band of Si-N
and 11.1
and Si-O in the SiON passivation layer. To verify the effect of
the bottom Al gate on the absorption of the IR radiation, we measured the FTIR absorption spectra of two different stacked films:
SiON/a-Si/SiN/Al, and the identical structure except without the
Al film. Each film had the same thickness as that in the fabricated sensor. As shown in Fig. 12, the absorption of the multilayer without Al film decreased approximately by a factor of
two over the measured wavelength range. This was mainly attributable to the reflecting effect of the Al film, although a comprehensive optical analysis of the multilayer films remains to be
performed.
Fig. 13 displays the distributions of voltage responsivity of
. The mean responsivity was
an 8 8 sensor array at
with a standard deviation of 6.3
.
7.58
The reponsivity variation of each pixel was thought to be caused
by the voltage drop along the routing resistance in the array,
which could be compensated in imaging applications.

Thermal image of a cross produced by the 8

0

2 8 IR sensor array.

To test the capability to produce an IR image, we constructed
a setup consisting of an incandescent light source, a silicon
wafer, a germanium lens, and a mechanical chopper. A point
source was achieved by enclosing the incandescent light source
into a box with a patterned opening. The silicon wafer was
used to filter out ambient visible and near IR radiation. A
with 5.0 cm focal length was used
germanium lens
to focus the IR radiation. The distance between the patterned
opening and the sensor array was 3.0 m. By adjusting the
position of the germanium lens, a focused radiation with the
covered the pixel-region of the chip.
area of 1.2 1.2
Fig. 14 shows a cross-shape thermal image acquired by the
8 8 IR sensor array at 30 Hz. The values corresponded to the
output signal after on-chip amplification without any external
amplification. A MATLAB program was used to construct the
image based on the output voltage signals. The profile of the
cross was clearly seen, and crosstalk between adjacent pixels
was negligible.
Table I compares the parameters of the a-Si TFT-based sensor
to those of some recently reported uncooled IR sensors [3],
[10], [34]. Our sensor possesses comparable responsivity, detectivity, and NETD values at optimal bias voltages (
and
), although the noise voltage was somewhat
higher, mainly due to the noncrystalline structure of amorphous
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TABLE I
COMPARISON OF SENSOR PERFORMANCE

silicon in the TFTs. To further improve the sensor performance,
efforts should be made to decrease the thermal conductance of
the whole pixel. In fact, there exits much space to reduce the
thickness of the films in the sensing region, such as the supporting membrane of the air bridge and the structural layers of
the a-Si TFT; the thinner and longer the supporting arms, the
lower the thermal conductance of the pixels. In addition, the capability to absorb IR radiation could also be improved if the
effective area of the metallic gate in the a-Si TFT is increased.

V. CONCLUSION
A novel a-Si TFT-based uncooled IR sensor was fabricated
and tested. The a-Si TFT is a promising candidate for the active
element of the IR sensor, because it has a high temperature coefficient of the drain current of 1.5%–6.5%
at room temperature. The sensor was constructed using an improved porous silicon micromachining technique, monolithically integrated with
NMOS readout circuitry. The sacrificial material of porous silicon was formed in the first step of the whole process. A composite membrane of LPCVDprotected the porous
silicon from being destroyed during MOSFETs fabrication. The
measurements indicated that the performance of the sensor was
controlled by the bias voltage applied to the gate of the a-Si TFT
and the voltage source of the circuitry. The thermal time constant of 9.7 ms was almost unchanged for different bias voltages. The NEP of the sensor was less than
.
The maximum detectivity of 8.67
for
was achieved at
and
, corresponding to a NETD of 67 mK at room temperature. The spectral response measurements showed that the sensor had a relatively flat response ranging from 3
to 6.5
in
the IR spectrum of 1–20
. Imaging tests for the 8 8 a-Si
TFT-based IR sensor array were performed. The result indicated
that the a-Si TFT-based IR sensor array showed potential for
high-performance imaging applications.
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