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Considerations for an 8-inch Wafer-Level CMOS
Compatible AlN Pyroelectric 5–14 μm Wavelength

IR Detector Towards Miniature Integrated
Photonics Gas Sensors

Doris K. T. Ng , Guoqiang Wu , Member, IEEE, Tan-Tan Zhang, Linfang Xu, Jianbo Sun, Wing-Wai Chung,
Hong Cai, Qingxin Zhang, and Navab Singh

Abstract— CMOS compatibility and 8-inch manufacturability
have been highly desired in MEMS technology. In this article,
we demonstrate a MEMS pyroelectric IR detector using CMOS
compatible AlN and 8-inch semiconductor wafer technology.
This AlN pyroelectric detector detects IR over wavelength
ranging from 5 µm to 14 µm. In addition, this detector
is designed to have added mechanical stiffness for improved
device integrity. The detectors are fabricated with different
sensing area dimensions to compare their performance. The
best performing detector has an NEP ∼ 8.87 × 10-9 W/

√
Hz

and D∗ ∼ 6.04 × 106 cm
√

Hz/W. These pyroelectric detectors
are designed and built with the consideration to enable ease
of monolithic integration with other components to form an
integrated gas sensor system. This includes enabling detection of
illumination from the front side and using an absorber stack that
consists of CMOS dielectric layers. Subsequently, they will form
a crucial part of the architectures for miniature photonics-based
gas sensors. Their performance is a first step towards 8-inch
wafer level CMOS-compatible manufacturable photonics gas
sensors. [2020-0157]

Index Terms— Aluminum compounds, CMOS technology,
infrared detectors, pyroelectric devices, microelectromechanical
devices, optical sensors.

I. INTRODUCTION

PYROELECTRIC detectors are thermal detectors that
operates at room temperature. They make use of tem-

perature fluctuations to produce spontaneous polarization in
the pyroelectric sensing material [1], resulting in an output

Manuscript received May 12, 2020; revised July 30, 2020; accepted
August 6, 2020. Date of publication August 17, 2020; date of current version
October 7, 2020. This work was supported by the Agency for Science,
Technology, and Research under Grant IAF-PP A1789a0024. Subject Editor
C. Lee. (Corresponding author: Doris K. T. Ng.)

Doris K. T. Ng, Tan-Tan Zhang, Linfang Xu, Wing-Wai Chung, Hong Cai,
Qingxin Zhang, and Navab Singh are with the Institute of Microelectronics,
Agency for Science, Technology and Research (A∗STAR), Singapore 138634
(e-mail: Doris_NG@ime.a-star.edu.sg).

Guoqiang Wu was with the Institute of Microelectronics, Agency for
Science, Technology and Research (A∗STAR), Singapore 138634. He is
now with The Institute of Technological Sciences, Wuhan University, Wuhan
430072, China.

Jianbo Sun was with the Institute of Microelectronics, Agency for Science,
Technology and Research (A∗STAR), Singapore 138634. He is now with
HiSilicon Technologies Company Ltd., Shenzhen 518129, China.

Color versions of one or more of the figures in this article are available
online at http://ieeexplore.ieee.org.

Digital Object Identifier 10.1109/JMEMS.2020.3015378

electrical signal. Other than the ability to operate without
external cooling which helps to reduce the system footprint
considerably, advantages of pyroelectric detectors include wide
spectral of operation, covering infrared (IR) wavelength range
and no requirement for bias current. Some applications of
pyroelectric detectors [2], [3] are intruder alarms, fire alarms,
pollution monitoring and gas analysis, radiometers, laser
detectors and pyroelectric thermal imaging [4]. Materials used
for pyroelectric detection and effect include Lead Zirconate
Titanate (PZT) [5]–[7], Poly Vinylidene Fluoride (PVDF) [8],
Lithium Tantalate (LiTaO3) [9], Lead Tantalate (PbTiO3) [10].

In recent years, Aluminum Nitride (AlN) material is gaining
significant interest [2], [3], [11], [12] as a pyroelectric material
for uncooled thermal IR detection. Characteristics of AlN
material include high Curie temperature (∼2000◦C) [13], [14],
complementary metal-oxide-semiconductor (CMOS) compat-
ibility and being free from lead (Pb) and lithium (Li). High
Curie temperature opens up the opportunity for the detector
to function at a higher temperature environment while still
maintaining its material properties as compared to materials
with lower Curie temperature such as poly(vinylidene fluoride-
trifluorethylene) (P(VDF-TrFE)) which has a Curie temper-
ature of around 100◦C [15]. CMOS compatibility allows
for monolithic integration of micro-electro-mechanical sys-
tem (MEMS) pyroelectric devices with other CMOS devices
over 8-inch wafer for increased manufacturability, through-
put and reduced footprint. There have been many studies
on AlN and enormous efforts to determine its pyroelectric
coefficient and material properties [16]–[20].

Most recently, there have been reports on progress of
integrated mid-IR optical gas sensors [21], leveraging on the
absorption characteristics of gas when interacting with light
at certain wavelengths for miniature, low cost and low power
devices. Specific to AlN pyroelectric detectors, there have been
recent demonstrations on AlN pyroelectric near-IR [22] and
mid-IR to far-IR [23] detectors, and AlN pyroelectric mid-IR
detector for carbon dioxide (CO2) gas sensing [24]. As most
gases absorb electromagnetic radiation at different IR wave-
lengths, pyroelectric detector could be used towards detection
of gas and its concentration by analyzing the electrical output
signal observed at the gas absorption wavelength. The mid-IR
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Fig. 1. Schematic of the pyroelectric detector showing the structure layers.
The absorber stack is the top most layer and AlN sensing layer is between the
top and bottom electrode. An array of SiO2 ribs is fabricated under the bottom
electrode to increase the mechanical stiffness of this membrane device. Al is
used for the metal contacts.

wavelength range from 2 μm to 20 μm has many characteristic
absorption lines who could help in gas sensing [21].

In this article, we present a CMOS compatible AlN-based
5 μm to 14 μm wavelength IR pyroelectric detector with
design considerations on maximizing absorption, increased
mechanical stiffness and output signal. In order to match
our device fabrication process as close as possible with
CMOS-MEMS industry standards, these detectors are fabri-
cated using micro-electro-mechanical system (MEMS) 8-inch
wafer technology. In addition, AlN sensing layer of different
sizes are also fabricated and measured to determine the optimal
sensing size for this detector. The work here demonstrates
functional pyroelectric detectors that is designed and built
with considerations to enable ease of integration with other
components to form an integrated gas sensor system. This
includes allowing thermal sensing from the front surface, using
an absorber stack that consists of CMOS dielectric layers and
determining the optimal sensing size. This CMOS compatible
pyroelectric detector using wafer level fabrication technology
can thus be easily integrated [25] with an emitter [26] and
waveguide [27]–[29], enabling realization of miniature pho-
tonics gas sensor systems.

II. DESIGN CONSIDERATIONS

Figure 1 shows a schematic of our pyroelectric detec-
tor design layer structure. The pyroelectric sensing material
used is AlN sandwiched between bottom electrode molyb-
denum (Mo) and top electrode Titanium Nitride (TiN).
As TiN has fairly low thermal conductivity (reported around
3 Wm−1K−1 [30] to 12 Wm−1K−1 [31]), we design our TiN
top electrode to be thin (thickness ∼50 nm) so that this layer
will not eventually become a serious thermal barrier. The metal
contacts used is aluminum (Al).

On top of this stack is an IR absorber structure of silicon
dioxide - silicon nitride - silicon dioxide (SiO2-SiN-SiO2) thin
film stacks. The role of the absorber is to maximize incident
thermal radiation absorption. The thermal energy received by
the absorber will later be transferred to the pyroelectric AlN
layer. AlN thin films of 100 nm thickness have been reported
to have high transmission (>90%) and low reflection (<10%)
from wavelength range from around 1 μm to 3 μm [9],

hence absorption is quite low over this wavelength range.
To compensate for this, an absorber on top of AlN is desired.
In this case, we design the absorber above the top electrode.
We consider using CMOS dielectric stack as the absorber
consisting of SiN sandwiched between 2 layers of SiO2. The
intention is to create absorption by destructive interference
between reflected and incident waves in this dielectric stack.
Three layers of dielectric films are chosen to broaden the
absorption bandwidth. SiO2-SiN-SiO2 stack is chosen as SiO2
and SiN dielectric films are CMOS-compatible and are quite
well-developed in terms of process and quality. In addition,
the top SiO2 layer could also help to protect the underlying
SiN layer from XeF2 etch process during the Si substrate
release step as XeF2 will react with SiN [32] during the etching
process if not protected. On top of all these, the SiO2-SiN-
SiO2 absorber stack allows us to fabricate the pyroelectric
detector as a device that could function both as a component
by itself and at the same time allow for ease of monolithic
integration with the emitter and waveguide. The thermal
energy generated upon incident IR radiation will result in
polarization changes in the pyroelectric AlN material which
in turn will generate an electrical signal.

To create thermal isolation for the detector to sense optimal
temperature change, the detector stack structure will be in
the form of a thin membrane with the backside silicon (Si)
substrate removed. Fabricating this is especially challenging
and could often result in membrane breakage, hence decreas-
ing yield of working devices. To reduce the incidents of
membrane breakage, we design an SiO2 rib array at the
mechanical support layer underneath the bottom Mo electrode
(Figure 1). This is done to increase the mechanical stiffness
of the membrane and ensure adequate support for the film
stack. The SiO2 ribs are of width 1 μm and length 5 μm. As
low pressure chemical vapor deposition tetraethyl orthosilicate
(LPCVD TEOS) process is used to fill the trenches, a trench
width of 1 μm would ensure that the trench depth of 5 μm
is filled sufficiently to form the SiO2 ribs structure. If the
trench width is too wide, the filling process will take very
long and results in high process cost. High density of ribs is
required to improve mechanical robustness of the membrane
but should not introduce too much additional stress on the
detector membrane. In this work, we choose a pitch of 10 μm
between rib to rib.

To obtain maximum output signal, we also consider the
pyroelectric current equation [24], [33] defined as follows:

i = Aρ
dT

dt
, (1)

where i is the pyroelectric current, A is the sensing area
of the detector, ρ is the pyroelectric coefficient of AlN and
dT/dt is the rate of change of temperature with time. Based
on (1), in order to achieve maximum pyroelectric current,
a large sensing area (A) and increase rate of change of
temperature with time (dT/dt) are desired. However, these
2 factors can form a trade-off. If the sensing area (A) increases
indefinitely, there will come a point when the temperature
response time (dT/dt) reduces due to the large sensing area.
Hence, a balance between both the sensing area (A) and
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Fig. 2. Process flow schematic to illustrate the fabrication process. Trenches
are formed and refilled followed by CMP to create the SiO2 ribs and thermal
isolation layer (Step 1 – 2). Step 3 – 5 shows pattern formation of the Mo
bottom electrode, AlN sensing layer and TiN top electrode. Subsequently,
at Step 6, an absorber consisting of SiO2-SiN-SiO2 stack is blanket deposited
followed by via opening and Al metallization (Step 7 – 8). The final Step
9 involves backside wafer thinning, DRIE and XeF2 for substrate release to
form the detector membrane.

temperature response time dT/dt is required. In this article,
AlN pyroelectric detectors with 4 different sensing areas are
designed and measured to observe how the effect of membrane
size will affect the output current.

III. EXPERIMENTAL

The fabrication process is done on 8-inch wafer-level scale,
to match CMOS-MEMS industry standards as close as possi-
ble. Figure 2 shows a schematic integration flow to illustrate
the fabrication process. We start with an 8-inch Si wafer.
Arrays of trenches, 1 μm wide are patterned and etched into
the Si wafer for 5 μm. This is followed by the deposition
of LPCVD TEOS of around 1 μm thick to form the thermal
isolation layer and the SiO2 ribs each of 1 μm wide and 5 μm
long for added mechanical stiffness. Chemical mechanical
polishing (CMP) is then done on this SiO2 layer to create a flat
surface. The respective stack layers were deposited, patterned
and etched to form the pyroelectric detector structure. As seen
from Figure 2, these layers are Mo, AlN and TiN. This is
followed by a blanket deposition of the absorber stack. Mo and
TiN form the bottom and top electrodes with thicknesses
of 150 nm and 50 nm respectively. Underneath the Mo bottom
electrode is a thin layer (thickness ∼ 20 nm) of AlN that
acts as a seed layer for Mo. The pyroelectric sensing material

Fig. 3. Schematic of the test measurement setup with a fabricated pyro-
electric detector wire-bonded onto a TO-39 header and connected to a high
precision current meter. Thermal source comes from a thermal MEMS emitter
irradiating the detector from the top. Image on the left is a screenshot of the
output waveform obtained.

used is AlN deposited at a temperature of around 200◦C
for a thickness of 1 μm. The absorber stack consists of
SiO2-SiN-SiO2 structure. The stack layers’ thicknesses are
530 nm for the first SiO2 layer located on top of TiN, 230 nm
for the SiN layer and 450 nm for the final SiO2 layer. Vias
are then opened to expose the electrodes surfaces and Al
is deposited on Mo and TiN to form the contact pads. The
thickness of Al is 1 μm. Finally, the backside of the Si
substrate is thinned down to 500 μm at wafer level. After
a hard mask oxide layer of 1 μm deposition and patterning,
silicon is removed from wafer backside by combined deep
reactive ion etching (DRIE) and Xenon difluoride (XeF2)
etch. Thermal isolation is created so that the thermal energy
detected by the detector will not be lost by thermal conduction
through the Si substrate. The fabricated pyroelectric detector
device is in the form of a membrane connected to the Si
substrate. The wafer is then diced into die-form where each
die consists of a pyroelectric detector component.

The fabricated pyroelectric detectors are first optically mea-
sured using a Fourier Transform Infrared (FTIR) spectrometer
to observe the absorption spectra at wavelength from 5 μm
to 14 μm. Each die is then packaged by wire-bonding it to
a transistor outline (TO)-39 header and connected to a high
precision current meter (Keysight B2985A High Resistance
Meter) which can measure current down to 0.01 fA, allowing
us to extract the output current directly without the need of a
circuit board for current-to-voltage conversion.

Figure 3 shows a schematic of the test setup used to
measure the output from the AlN pyroelectric detector. The
source emitter is a commercially bought thermal MEMS
based IR component (Axetris EMIRS50 AT06V). A compound
parabolic concentrator (CPC) is mounted on the source emitter
to provide collimated light to the detector. The detector is fitted
directly on the other end of the CPC to receive the emission
from the source emitter. The length of the CPC is 10 mm,
therefore the source and detector are set apart by the CPC at
a distance of 10 mm. The source emitter power irradiating on
the detector is estimated to be ∼ 0.01 mW based on the data
sheet provided for Axetris EMIRS50 AT06V emitter and the
distance between the source emitter and detector. The source
emitting signal is set at a square wave frequency of 1 Hz. The
output spectrum, peak current and rising time are measured
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Fig. 4. a) Top-view SEM image of the fabricated detector before substrate
release which shows the top surface of the sensing area and b) Cross-sectional
TEM image of the fabricated detector stack which shows the layers fabricated.
Each layer thickness is measured. The AlN layer is also observed to have
columnar-like structure, an indication of c-axis orientation.

by the current meter. The image on the current meter is a
screenshot of an output waveform of the pyroelectric detector
when irradiated by the IR source.

IV. RESULTS AND DISCUSSION

Figure 4a shows the top view scanning electron
microscopy (SEM) image of a fabricated pyroelectric detector
before substrate release with sensing dimension of 500 μm
by 500 μm. SiO2 rib array is observed at the background
next to the detector sensing area. The 2 strips at the top of the
image are the top and bottom electrode lines. Figure 4b shows
the cross-sectional transmission electron microscopy (TEM)
image with the different layers defined. The thicknesses mea-
sured by the TEM are as follows: first bottom layer of SiO2
has measured thickness of 760 nm, Mo bottom electrode has
layer thickness of 144 nm, AlN sensing layer has thickness
1.014 μm, TiN top electrode layer has thickness 47.3 nm

and absorber stack of SiO2-SiN-SiO2 has layer thicknesses
of 527 nm, 221.2 nm and 436.6 nm respectively. In Fig. 4,
we can also see that the cross-sectional AlN layer shows
columnar-like structures, indicating that AlN layer is c-axis
oriented. Hence pyroelectric coefficient of this AlN layer is
around 6-8 μC/(m2K) [18].

Absorption spectra of the pyroelectric detectors are mea-
sured experimentally using Shimadzu AIM-9000 FTIR Spec-
trometer and numerically simulated using Finite Difference
Time-Domain (FDTD) software. In FTIR, we first measure
the transmittance (T) of the entire detector stack followed by
reflectance (ρ). Absorbance (α) is then calculated based on
the following equation:

α = 1 − ρ − T (2)

Figure 5a shows measured reflectance and transmittance
spectra of the entire detector stack over the wavelength range
from 2.25 μm to 14 μm. It can be seen that reflectance is quite
high at shorter wavelengths less than 5 μm, peaked (>90%) at
around wavelength 4 μm. Transmittance is in general less than
6% transmission and reduces further at longer wavelengths.

Figure 5b shows the experimental FTIR absorption (%)
spectrum calculated based on the FTIR transmission (%) and
reflection (%) spectra (black line). Due to the higher reflection
(%) and transmission (%) at wavelengths less than 5 μm,
absorption (%) is lower at short wavelengths and higher
at longer wavelengths (5 μm to 14 μm). From Fig. 5b,
we observe absorption > 60% from wavelength range of 5 μm
to 14 μm in our experimental FTIR spectrum. Absorption also
goes up to 80% at the wavelength of around 6.5 μm and 100%
at wavelength of around 10.5 μm and 13.5 μm respectively.
High absorption in the detector stack could contribute to more
sensitive gas sensing at the specific gas absorption wavelength.
The wavelength ranging from 5 μm to 14 μm is important
as it covers applications from environmental monitoring to
industrial process control and medical diagnosis [21].

A 2D FDTD simulation based on the fabricated detector
stack using the layer thickness measured by TEM is also
presented in Fig. 5b (blue line). The material parameters used
for SiO2 and TiN are from the FDTD material database,
namely ‘Glass-Palik’ and ‘TiN-Palik’ respectively. For AlN,
the material parameters used in FDTD simulation are based
on experimental data from our in-house deposited AlN film,
measured using an ellipsometer with refractive indices and
absorption coefficients obtained across wavelengths ranging
from 1.7 μm to 40 μm. Material parameters used for SiN
and Mo are extracted from literature [34], [35]. In FDTD
simulation, the source is set incident on the absorber layer
and transmission and reflection are calculated simultaneously.
Absorption is calculated using (2). The FDTD simulation
shows overall similar trend with the FTIR absorption spec-
trum with absorption above 60% over this wavelength range
of 5 μm to 14 μm. The difference observed between FTIR
experimental spectrum and FDTD simulated spectrum could
be due to the different material parameters (refractive indices
and absorption coefficients) used in FDTD simulation com-
pared to that of the actual material deposited.
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Fig. 5. Optical spectra of the pyroelectric detector stack device.
a) FTIR measurement on the reflection and transmission spectra of fabricated
pyroelectric detector, b) Absorption spectrum (BLACK line) of the fabricated
pyroelectric detector calculated from the FTIR reflection and transmission
data, simulated absorption spectrum (BLUE line) using FDTD software and
c) simulated absorption spectra for the pyroelectric detector stack with
absorber of various layer thicknesses using FDTD software. The BLUE line
is based on fabricated absorber layer thicknesses. The MAGENTA line is
based on rounded-off absorber layer thicknesses for ease of comparison when
varying absorber layer thickness.

As the FDTD simulated spectrum in Fig. 5b shows a
dip in absorption at around 9 μm wavelength, we further

Fig. 6. Photos with their respective microscopy images of the detector
devices showing different sensing areas. a) Detector 1 with area of 1.04 mm2

(1.02 mm × 1.02 mm), b) Detector 2 with area of 0.29 mm2 (0.54 mm ×
0.54 mm), c) Detector 3 with area of 0.09 mm2 (0.3 mm × 0.3 mm) and d)
Detector 4 with area of 0.03 mm2 (0.18 mm × 0.18 mm).

investigate the effect of the absorber layer thicknesses on the
absorption spectrum of the entire detector stack. Figure 5c
shows the simulated absorption spectra of the pyroelectric
detector stack with varying SiO2-SiN-SiO2 absorber layer
thicknesses. By keeping the thickness of the other layers
constant, we change only the thickness of the SiO2 and SiN
in the absorber stack. For reference, simulated absorption
spectrum of the detector stack based on the actual fabricated
detector stack thicknesses is indicated by the blue spectrum.
We start with an absorber stack thicknesses closed to the
actual fabricated absorber – 500 nm SiO2, 300 nm SiN, 500
nm SiO2 (magenta spectrum). As the thickness of the center
SiN layer reduces from 300 nm to 50 nm (cyan spectrum),
the absorption drops at 9 μm wavelength. Another observation
is that when the SiO2 layer (layer on TiN top electrode)
reduces from thickness of 500 nm to 50 nm (purple spectrum),
absorption drops at 9 μm wavelength and longer wavelengths
(11 μm to 14 μm). Nevertheless, this thinner SiO2 layer
(layer on TiN top electrode) does help to increase absorption
at lower wavelengths (2 μm to 5 μ m). For the top-most
SiO2 layer, it should not be too thin as it will reduce the
absorption at short (2.5 μm to 5 μm) and long wavelengths
(11 μm to 13 μm) when its thickness reduces to 50 nm
(green spectrum). Depending on applications and wavelength
of interest, the absorber stack layer thicknesses can be adjusted
accordingly. In this work, we focus on wavelength range from
5 μm to 14 μm in which the fabricated structure gives an
experimental absorption spectrum above 60%.

Figure 6 shows the photo and microscopy images of 4
fabricated pyroelectric detectors with 4 different sensing area
sizes. The sensing area sizes are Fig. 6a) Detector 1 with area
of 1.04 mm2, Fig. 6b) Detector 2 with area of 0.29 mm2,
Fig. 6c) Detector 3 with area of 0.09 mm2 and Fig. 6d) Detec-
tor 4 with area of 0.03 mm2. These detectors are wire-bonded
to TO-39 header and the microscopy images show clearly
that the Si substrate underneath the AlN sensing element is
removed.

Figure 7a-d shows the measured output current spectra of
these 4 pyroelectric detectors. It can be seen that Detector 2
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Fig. 7. Measured output current of 4 pyroelectric detectors with different
size of sensing areas a) Detector 1 with area of 1.04 mm2 showing peak
output current of 34.6 pA, b) Detector 2 with area of 0.29 mm2 showing peak
output current of 187.1 pA, c) Detector 3 with area of 0.09 mm2 showing
peak output current of 26.9 pA and d) Detector 4 with area of 0.03 mm2

showing peak output current of 35.1 pA. e) Graph of peak output current
against sensing areas indicating region where sensing area (A) dominates and
region where rate of change of temperature with time ( dT

dt ) dominates.

(Fig. 7b) gives the best performance with peak output current
∼187.1 pA. Rise time ∼ 20 ms and dark current ∼ 1 pA.
As defined by (1), pyroelectric current is directly proportional
to size of the sensing area and rate of change of tempera-
ture with time. There is however a trade-off between these
2 factors. The sensing area cannot increase indefinitely to
obtain maximum current output. There will come a point
where further increase in the sensing area causes a decrease
in the output current. This is because the rate of change of
temperature with time has become the dominating factor and
it takes a much longer time per unit change in temperature.
This is observed experimentally and shown in Figure 7e which
shows a plot of the output current against the sensing area.
There is an increase in output current when the sensing area
is 0.29 mm2 compared to when the sensing area is 0.09 mm2.
However, output current decreases when the sensing area
increases further to 1.04 mm2. Hence we can postulate that
the sensing area (A) is the dominating factor at region around

TABLE I

SUMMARY OF THE PERFORMANCE OF OUR AlN PYROELECTRIC
DETECTORS OF DIFFERENT SENSING AREAS. THE BEST

PERFORMANCE IS OBTAINED FOR DETECTOR 2 WITH

SENSING AREA OF 0.29 mm2

A = 0.29 mm2. At region around A = 1.04 mm2, due to
the large sensing area, the response time has slowed down
( dT

dt reduces) and dT
dt dominates at region when A = 1.04

mm2. From Fig. 7e, to get maximum pyroelectric detector
performance, a sensing area in the range of 0.2 mm2 to
0.4 mm2 could be considered.

Based on the measured data, we first calculate the responsiv-
ity of the detector by dividing the amplitude of the measured
current with the incident power at the fundamental frequency.
Using the responsivity calculated and by doing Fast Fourier
Transform (FFT) analysis on the dark current, we derive the
Noise Equivalent Power (NEP). Specific detectivity (D∗) is
subsequently obtained by dividing the square root of the
sensing area (A) with NEP as indicated by the following
equation:

D∗ =
√

A

N E P
(3)

Responsivity gives us the output of the pyroelectric detector
with respect to the input power at 1 Hz frequency (source
emitter frequency set to 1 Hz in this work), without taking into
consideration the device noise. D∗, on the other hand, takes
into account the device’s signal-to-noise ratio and is a better
measure in comparing the pyroelectric detector’s performance
since device noise has been considered. As seen from (3), A
has also been taken into account in the calculation of D∗.
From (3), larger A will give better D∗ if NEP remains the
same. However, NEP takes into account responsivity which in
turns takes into account the device’s output current. Therefore,
when A gets bigger (A = 1.04 mm2 as seen from Fig. 7),
the reduced output current explained earlier by (1) will result
in reduced responsivity, hence larger NEP.

The performance of the 4 detectors are summarized
in Table I. Our best performing pyroelectric Detector 2 (A =
0.29 mm2) has responsivity of 2.94 × 10−5 A/W, NEP =
8.87 × 10−9W/

√
Hz and D∗ = 6.04 × 106 cm

√
Hz

/
W.

The results are comparable with reported AlN pyroelectric
detectors [24]. Although the specific detectivity of the best per-
forming AlN pyroelectric detector is still around 2 orders [36]
behind commercial LiTaO3 pyroelectric detectors, this gap
could be closed by doping the AlN pyroelectric material
to increase its pyroelectric coefficient or by replacing the
absorber to push absorption up to > 90%. More importantly,
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the demonstration of a functional AlN pyroelectric detector
fabricated at 8-inch wafer level to match as close as possible to
CMOS-MEMS industry standards, gives us a glimpse towards
the possibility for an 8-inch manufacturable, CMOS compat-
ible pyroelectric detector. The lower deposition temperature
for AlN (∼ 200◦C) compared to LiTaO3 opens the flexibility
to integrate these MEMS detectors with CMOS processes,
which in turn expands the platform towards multi-functional,
increasing the applications and functionality of pyroelectric
detectors.

On-going work includes optimizing the absorption of these
AlN pyroelectric detectors to expand maximum wavelength
absorption in the range of 2 μm to 14 μm and doing detailed
statistical analysis on the device performance uniformity over
8-inch wafer. Beyond this, we are currently in the process
of integrating these pyroelectric detectors at wafer-level scale
with IR emitters and waveguides via wafer-level bonding to
realize monolithic integrated miniature photonics-based gas
sensors.

V. CONCLUSION

We have demonstrated a functional pyroelectric detector
that has absorption optimized to operate in the wavelength
range from 5 μm to 14 μm. The pyroelectric sensing material
used is AlN deposited at a temperature of around 200◦C.
This helps to realize CMOS-compatible, lead-free MEMS
pyroelectric infrared detector, fabricated over 8-inch wafer to
be as close as possible to CMOS-MEMS industry standards.
The design considerations are discussed with emphasis on
the absorption layer, membrane mechanical robustness and
maximizing output current. These pyroelectric detectors are
designed and built with the consideration to enable ease of
monolithic integration with other components such as MEMS
emitter and waveguides to form an integrated gas sensor
system. They can therefore function as a component by itself
and can also be easily integrated to be part of a gas sensor
system. Pyroelectric detectors fabricated with different sensing
areas are measured and the results are compared. So far,
a sensing area of 0.29 mm2 has shown to give the best
performance out of the 4 sensing areas with D∗ = 6.04 ×
106 cm

√
H z

/
W and N E P = 8.87 × 10−9W

/√
H z. The

results from these pyroelectric detectors will form a crucial
part in the design, realization and monolithic integration of
architectures for CMOS-compatible miniature photonics-based
gas sensors, manufactured at 8-inch wafer-level scale.
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