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ABSTRACT 
Here we present a novel and simple way to fabricate 

uncooled infrared detectors suitable for integration into 
large-area arrays. The design is based on thin-film carbon 
obtained by means of parylene pyrolysis. We demonstrate 
the first micromachined carbon uncooled bolometer array 
made of two layers of self-supporting pyrolyzed-parylene 
carbon having different process-tuned properties. 
Measurements show that the target temperature resolution, or 
NETD (Noise-Equivalent Temperature Difference) to target 
temperature can be as low as 35mK for 100µs electrical 
signal integration time, respectively. This matches the 
current state of the art which is very promising considering 
the fact that this is the first time pyrolytic carbon has been 
used to fabricate a microbolometer array. 

1. INTRODUCTION 
Most of the radiation emitted by bodies around 

room temperature lies in the Long-Wavelength Infrared 
(LWIR) region, with the maximum emission occurring at a 
wavelength close to 10µm. Therefore, in order to remotely 
measure the temperature of objects around room 
temperature, a sensor must be able to detect photons of such 
wavelength. While semiconductor photon detectors can be 
used for this purpose, these detectors must be cryogenically 
cooled, due to the small bandgap requirement. Another kind 
of detectors called thermal detectors indirectly measure 
LWIR radiation by absorbing the emitted photons. The 
induced change in temperature can then be measured using a 
variety of temperature-dependent physical phenomena 
including pyroelectricity, thermal expansion, 
thermoelectricity. Resistive bolometer measure the radiation-
induced temperature with materials having a temperature-
dependent resistivity. 

Figure 1 shows the standard structure of a resistive 
bolometer: a free-standing temperature-sensitive element 
anchored to a substrate by low thermal-conductance 
suspension beams. Equations 1 and 2 show the expression of 
the responsivity and NETD respectively. P is the incident 
power, V is the voltage change across the bolometer due to P,  is 
the temperature coefficient of resistance (TCR),  is the pixel 
absorptivity and Gth is the thermal conductance to substrate. F is the 
F number of the optical system used, Vn is the bolometer total noise, 
Ad is the bolometer area and (dM/dT)8µm -14 µm is the change in 
blackbody excitance in the 8µm-14µm band for per degree of 
change on its surface (dM/dT) is the change in a blackbody’s 
excitance upon temperature change and F, the optics F 
number. The key parameters for a bolometer are high TCR, 
low thermal conductance and low noise. 
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Most uncooled bolometers use Vanadium Oxide (VOx) [1,8], 
amorphous silicon [2] or metals as temperature-sensitive 
material. The suspension beams are usually made of silicon 
nitride or polysilicon. In our previous work [6], we 
demonstrated that the pyrolysis of parylene can be used to 
produce carbon with various resistivities. In [7], we 
presented a single-element carbon bolometer made of two 
layer of pyrolytic carbon obtained through parylene 
pyrolysis. Here, a new 32x32 carbon bolometer imager is 
presented with IR images and the first noise characterization 
for pyrolyzed-parylene carbon. 
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2. DESIGN 
Figure 2 shows the layout of a single carbon 

bolometer pixel. The main difference between this bolometer 
pixel and the “conventional” pixel is the fact that both the 
absorber region and the suspension legs are made of carbon 
obtained by pyrolysis of parylene. The absorber area is made 
of silicon having a high resistivity and TCR. On the other 
hand, the suspension legs are made of carbon also obtained 
through parylene pyrolysis but having low resistivity and 
lower TCR. The different values resistivities and TCRs are 
achieved by performing the pyrolysis at different 
temperatures. The pitch is 75µm in both directions and the 
absorber dimensions are 50µm*50µm. The fill factor is 
therefore 44.4%. The suspensions are 60µm in length and 
2µm by width. Using a pyrolysis temperature of 800°C and 
640° for the suspension and absorber area respectively, we 
can make sure that the total electrical resistance of each pixel 
is dominated by the absorber area, while the achieving a high 
TCR where the radiation-induced temperature-change is the 
highest [7]. Row access and column access metal electrodes 
are located on the sides of the pixels and are supported by the 
bulk silicon and the bolometers are to be released in TMAH. 
Figure 3 shows the bolometer cross-section. 

3. FABRICATION 
The fabrication begins with 4000Å oxide. The oxide 

is patterned as a mask for the final TMAH release. A first 
layer of parylene (4µm) is deposited and pyrolyzed to carbon 
at 800°C in nitrogen. The carbon is then etched by an O2 
plasma in an RIE reactor to define the bolometer suspension 
beams. The etching rate for this layer of carbon was 
0.21µm/min while the etching rate of photoresist was 
0.39µm/min. Surface cleanliness is critical to get good 
adhesion between pyrolyzed-parylene carbon and silicon and 
silicon dioxide. Therefore, the wafers are thoroughly cleaned 
using RCA-1 prior to parylene deposition. Good adhesion is 
especially critical for the final TMAH release. 
A second layer of parylene (1.6µm) is deposited, pyrolyzed 
at 640°C and patterned to create the absorber. A layer of 
Cr/Au/Cr (50Å/1000 Å/50 Å) is deposited using lift-off to 
define the row electrodes. Since these electrodes are very 
long and only 3µm wide, a layer of lift-off photoresist (LOR 
3B from Microchem) is spun and baked on the wafers prior 
to the conventional photoresist spin and bake. The wafers are 

then slightly over-developed in order to create an undercut 
underneath the photoresist pattern. After the metal 
evaporation, the wafers are placed in ST22 photoresist 
stripper at 90°C for 10 hours to complete the lift-off. 
After applying an A-174 silane coating as adhesion promoter 
on the wafers, a thin layer of parylene C (0.3µm) is deposited 
and patterned to serve as insulation between the column 
metal layer and the row metal layer. A layer of Cr/Au 
(50Å/2000Å) is then deposited using the lift-off process 
described above in order to define the column electrodes. 
The bolometer array is finally undercut in TMAH and dry-
freed in a supercritical CO2 dryer to avoid stiction. Figure 4 
shows a bolometer pixel before release, and Figure 5 shows a 
group of released bolometer pixels.  

4. RESULTS 
The average bolometer pixel resistance was measured to 

be 3.8M  with a standard deviation of 421k . This corresponds to 
an average resistivity of the first layer of pyrolyzed-parylene carbon 
was measured to be 2.7*10-2 .cm while the resistivity of the second 
layer of pyrolyzed-parylene was 190*102 .cm. This ratio ensures 
that the total bolometer is indeed dominated by the absorber area. 
The temperature dependence of the bolometer’s resistance was 
measured in a vacuum oven using a precision thermocouple. As 
expected, the conductivity of the pyrolyzed-parylene carbon 
followed an Arrhenius dependence [7]. The TCR was found to be 
=-2.1%K-1.
After measuring the TCR of the bolometers, the arrays were placed 
in a vacuum chamber with electrical feed-throughs and a ZnS 
infrared viewport (obtained from ISP Optics). The ZnS window has 
a transmittance higher than 60% from 0.5µm to 14µm. The I-V 
curve of the carbon bolometers was measured at 20mTorr in 
order to extract their thermal conductance. Figure 6 shows 
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the resistance as a function of the input power. The thermal 
conductance extracted from this curve using the previously 
measured TCR was Gth=6.1*10-8W.K-1.

Then, the time constant of the bolometers was measured 
using a light chopper wheel to modulate the frequency of the 
optical input to the bolometer. A spectrum analyzer was used 
to measure the amplitude of the fundamental component as a 
function of chopping frequency. As expected the dynamic 
behavior of the bolometers in vacuum followed that of a 
first-order system, and the time constant was 31ms. This is a 
little too slow for video applications, but acceptable. Using 
the measured time constant and the calculated thermal 
conductance, the thermal capacitance is estimated to be 
1.9*10-9J.K-1. The absorptivity was estimated using an 
infrared source and a calibrated pyroelectric sensor 
(Coherent P1-31). The low-frequency responsivity of the 
carbon bolometers was compared to the known responsivity 
of the calibrated commercial detector. The bolometers the 
absorptivity was then calculated to be =55%.

The /f noise at different biasing voltages was measured using 
a low-noise amplifier and a dynamic signal analyzer. The 
obtained low-frequency noise power spectrum is shown on 
Figure 7.  
Images were focused on the carbon bolometer array using an 
AMTIR (Amorphous Material Transmitting Infrared) lens 

having F-number 1.5. (obtained from Newport) and a data 
acquisition system was used to individually access the 
bolometer pixels on a 12*11 subset of the 32*32 array. Also, 
small software application was written to extract thermal 
images. First, the resistance of each pixel is measured while 
no radiation is allowed to fall on the array. Then, the 
resistance of each pixel is measured again when radiation is 
incident on the array. Although the IR optics is far from 
being optimized, we managed to obtain IR images. Figure 8 
(a) shows a soldering tip and Figure 8 (b) shows four 
resistors arranged in a rectangle and heated up to 202°C (the 
picture was spatially interpolated). The brightest pixel on 
Figure 7 (b) corresponds to a -3.6% resistance change. In 
those experiments, the noise was mostly due to pick-up noise 
in the readout circuit outside the vacuum chamber. 

Noise Analysis 

Neglecting the temperature fluctuation noise and background 
noise, the voltage noise appearing in Equation 2 is given by 

2 2
, , (3)n n f n jV V V

Figure 6: Bolometer Electrothermal Behavior 

Figure 7: Bolometer Low Frequency Noise Spectrum 
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Figure 8:Obtained Thermal Images
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where ,n fV , ,n jV  are the 1/f (“flicker”) and thermal noise 

contributions respectively. The power spectral densities of 
these noise sources are given respectively by 

2
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where K  is the 1/f noise factor depending on both the 

material and the volume of the device, biasV  is the bias 

voltage, Bk  is Boltzmann’s constant, T is the temperature, 

and R is the bolometer resistance. For a readout circuit that 
averages, or integrates, the signal over a period of time 

pulse , the total flicker and thermal noise contribution 

become [9] 
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where 1f  is a frequency arbitrarily chosen to be the low-

frequency limit of both noise contributions and 0.58  is 

the Euler-Mascheroni constant. Using a 100µs integration 
time, a bias of 5 Volts and a low-frequency limit to the noise 
of 1mHz, the NETD is calculated to be 35mK (assuming the 
optical system has a transmission of 100%). The temperature 
increasing during readout for such parameters is only 
0.35mK due to the high resistance of the pixels. 
Table 1 summarizes key parameters of the carbon 
microbolometer imager, compared to those of the VOx array 
reported in [8]. The reported 1/f noise power spectral density 
for VOx bolometers is lower than our carbon bolometers: 
2.5*10-12/f V2Hz-1 versus 1.6*10-10/f V2Hz-1 at 5V bias. 
However, the carbon bolometer has higher responsivity and 
its higher resistance allows for a longer integration without 

excessive self-heating. Moreover, since the carbon used as 
the sensing material is obtained from pyrolysis, it is expected 
to be able to withstand higher temperature increase pulses 
than VOx. A 320*200 carbon bolometer imager with an 
integration time of 100µs. The NETD of the carbon 
bolometers is calculated to be slightly better than the VOx 
bolometers. 

5. CONCLUSIONS 
We demonstrated an uncooled microbolometer 

array based on a two-level self supporting carbon structure 
obtained through pyrolysis of parylene with process-tuned 
electrical and thermal properties. The responsivity, dynamic 
behavior and noise properties of this thermal imager show 
promising results, with a calculated NETD of 35mK under 
optimal conditions. Possible future directions include the 
development of a high fill factor surface-micromachined 
process, which could also help in increasing the absorptivity 
using a reflector. 
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Pitch 75 µm 50 µm
Pixel Area (µm2) 50*50 35*35 
Fill Factor 44% 70% 
TCR (%.K-1) -2.1 -2.3 
Average Pixel resistance 3.8M  20k

Thermal conductance (W.K-1) 6.1*10-8  2*10-7

Thermal capacitance (J.K-1) 1.9*10-9  3*10-9

Thermal time constant (ms) 31 15 

Absorptivity 55% 80% 
DC Responsivity V.W-1@5V 9.5*105 4.6*105

Total noise (µV) 54 14 (calc) 
Calculated NETD (mK) 35 39 

Table 1: Bolometer Array Parameters 
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