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Abstract—Thermal characterization of individual 
pixels in microbolometer infrared image sensors is 
needed for optimal design and improved performance. 
In this work, we used thermoreflectance microscopy 
on uncooled microbolometer image sensors to 
investigate the thermal characteristics of individual 
pixels. Two types of microbolometer image sensors 
with a shared-anchor structure were fabricated and 
thermally characterized at various biases and vacuum 
levels by measuring the temperature distribution on 
the surface of the microbolometers. The results show 
that thermoreflectance microscopy can be a useful 
thermal characterization tool for microbolometer 
image sensors.    
 
Index Terms—Microbolometer, infrared image sensor, 
thermoreflectance microscopy, thermal characterization   

I. INTRODUCTION 

The microbolometer image sensor is a type of thermal 
image sensor in which the thermal infrared radiation 
from an object is absorbed on the surface of the 
microbolometer detector, and the resultant temperature 

rise of the detector, corresponding to the amount of 
absorbed infrared energy, is measured by a readout 
circuit as a change of microbolometer resistance. These 
sensors have become a technology of choice in both 
military and commercial applications due to their small 
size, minimal power consumption, and low cost [1-3]. 
High-end commercial applications in the automotive, 
security, and medical fields require large format arrays; 
this in turn necessitates a reduction in pixel size for 
weight reduction, system size, low cost, and resolution 
enhancement. However, downsizing of the micro- 
bolometer pixels produces a dramatic drop in sensitivity. 
The performance of microbolometer image sensors is 
driven by the thermal characteristics of the individual 
pixels [4]. Therefore, optimized bolometer design and 
precise thermal analysis of individual pixels on image 
sensors are required to improve the thermal properties as 
the pixel size is reduced.  

In general, the thermal behavior of a microbolometer 
detector can be evaluated by the electro-thermal analogy 
[2, 5]. The electrical and thermal properties of a single 
pixel of a microbolometer array can be estimated through 
the measurement of electrical resistance, but it is difficult 
to measure thermal distribution over the active area. 
Although the two-dimensional (2-D) thermal modeling 
of a microbolometer can be accomplished with 
simulation tools such as ANSYS and CoventorWare [6, 
7], precise parameter setting and iterative calculations 
are indispensable to obtain the correlation factors for 
reliable results. Recently, a long-wave infrared (LWIR) 
microscope has been used for thermal characterization of 
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a microbolometer array [8]. However, this approach 
provides only an average temperature of the detector 
array, but not actual thermal information on individual 
bolometer pixels. Moreover, this approach requires an 
additional fill factor correction due to the limited spatial 
resolution and field of view of the LWIR camera.  

In this paper, we demonstrate, for the first time, 
thermal imaging and characterization of individual pixels 
in microbolometer image sensors using thermore- 
flectance microscopy (TRM), a contactless optical 
imaging technique that provides a 2-D thermal image of 
semiconductor devices with high spatial and thermal 
resolution [9-11]. Two types of custom-designed 
microbolometers with a shared-anchor structure were 
prepared, and the thermal properties of both were 
quantitatively measured at various bias and vacuum 
conditions by self-heating of the active area. 

II. MATERIALS AND METHODS 

Fig. 1 shows a schematic of the TRM system based on 
a conventional microscope head (FS70, Mitutoyo) 
integrated with a blue light-emitting diode (λ=473 nm), a 
14-bit CCD camera (1600´1200, 30 Hz), and a 
microscope objective (100´, 0.7 NA). The probe beam 
illuminated a vacuum-packaged microbolometer surface 
and the reflected light was measured by a visible CCD 
camera. The 2-D self-heating images were acquired by 
measuring the temperature-dependent reflectivity change 
distribution on the microbolometer surface with bias 
voltage modulation. The bias modulation was phase-
locked to the CCD frame triggered at four times the bias 

modulation frequency for the lock-in detection of the 
reflectivity change distribution. The CCD triggering 
signal was supplied by analog output signal from the data 
acquisition (DAQ) board (NI PCIe-6353, National 
Instruments). Each pixel on the microbolometer array 
was electrically controlled by a SaFPA™ (Semi-Active 
Focal Plane Array) measurement circuit [12]. The system 
control and image-processing program was written in the 
LABVIEW programming environment. A spatial 
resolution about 0.5μm can be achieved with a 100´ 
objective lens with 0.7 NA [10, 11].  

As test samples, we prepared two types of 
microbolometer image sensors, both based on amorphous 
Si. Both types had a shared-anchor structure designed to 
enhance the fill factor, as shown in Fig. 2(a) and (b); they 
will be referred to as design1 and design2, respectively. 
Generally, the microbolometer pixels are designed to 
suppress the heat loss by the thermal conduction through 
the support structure (anchor and leg) of suspended 
membrane, which provides mechanical support, thermal 
conduction path, and electrical conduction path. To 
obtain high performance microbolometer sensors, the 
support structure should be optimized. Microbolometer 
design1 and design2 effectively have one anchor per unit 
pixel by sharing the anchor with neighboring pixels. The 
difference between microbolometer design1 and design2 
is the support structure. Design1 has two anchors around 
unit pixel and one anchor is shared by two pixels, located 
diagonal direction. Design2 has four anchors around unit 
pixel and one anchor is shared by four neighboring pixels. 
The mechanical simulation results and fabrication 
processes for design1 and design2 have been described 
elsewhere [12]. As shown in Fig. 3, the fabricated 

 

Fig. 1. Schematic of the thermoreflectance microscopy system  

 

Fig. 2. Shared-anchor microbolometer, (a) design1, (b) design2. 
Black line: leg for mechanical support of suspended membrane, 
red line: leg for electrical conduction. Inset: unit pixel structure 
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microbolometer arrays were vacuum packaged with a 
zinc sulfide (ZnS) window that was transparent from the 
visible range to the far infrared (0.4 to 12μm) for both 
TRM imaging at visible wavelength range and thermal 
sensing with the bolometer array itself in the long-
wavelength infrared range. The measured fill factors of 
design1 and design2 were 73% and 62%, respectively. 
These fill factors are significantly higher than that of the 
conventional unshared-anchor design (fill factor 53%).  

III. RESULTS AND DISCUSSION 

The temperature increment (T-To) due to the self-
heating effect can be estimated from the electro-thermal 
analogy with the following formula [2]  
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where I and R are applied current and electrical 
resistance respectively of a microbolometer pixel, G is 
the thermal conductance, Rth is the thermal resistance and 
Pin is the applied power. The thermal resistance can be 
calculated by measuring the inverse of the resistance as a 
function of I2 according to the following relation  
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where Ro is the resistance at the temperature To and a is 
the temperature coefficient of resistance (TCR), which 
was experimentally determined to be 2.3%. By 
measuring the inverse of the resistance as a function of I2 
according to Eq. (2), the thermal resistance (Rth) can be 

found by linear curve fitting. The extracted thermal 
resistances of design1 and design2 were 6.8 and 11.5 
K/mW, respectively, under a vacuum level of 2´10-5 torr. 
The corresponding temperature increments estimated by 
electro-thermal analogy with Eq. (1) were 6.7 K and 11.4 
K, respectively, at 1 V bias. 

Fig. 4(a) and (b) are conventional microscope images 
of shared–anchor design1 and shared–anchor design2, 
respectively. A sinusoidally modulated voltage bias with 
an amplitude of 1.0 V peak-to-peak, 0.5 V DC offset, and 
a modulation frequency of 0.5 Hz was applied to selected 
pixels, and the temperature increment due to self-heating 
was measured by the TRM system. The pressure in the 
microbolometer package was 2´10-5 Torr. Fig. 4(c) and 
(d) show corresponding images of the 2-D temperature 
distribution in design1 and design2, respectively, 
measured by the TRM system. We can immediately 
conclude that the temperature increment of design2 is 
higher than that of design1. The average temperatures in 
the active areas increased linearly as a function of input 
power in both microbolometers as shown in Fig. 5. The 
average temperature increments measured by the TRM 
system for design1 and design2 were 6.2 K and 11.2 K, 
respectively, at 1 V bias, in close agreement with the 
values estimated by electro-thermal analysis. With this 
direct measurement method, we determined that the 
temperature increment with design2 was 1.8 times higher 
than that of design1; this means that design2 has better 
thermal isolation properties than design1.  

 

Fig. 3. Vacuum packaged microbolometer sensor with ZnS 
window 

 
 

 

Fig. 4. Conventional microscope images of shared-anchor 
structures, (a) design1, (b) design2. (c) and (d) Thermal 
distribution images of microbolometer design1 and design2 
measured by TRM system at 1 V bias 
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In the case of uncooled microbolometer detectors, 
vacuum packaging is critical to maximize the thermal 
isolation, and ensure good responsivity [13]. In this work, 
we measured the thermal distribution images under 
various pressures to investigate the dependence of the 
thermal isolation properties on pressure. Fig. 6 presents 
the pressure dependence of temperature distribution for 
the selected microbolometer pixel design2 at 1 V bias. 
Fig. 7 shows average temperature variations in the active 
area as a function of pressure, and Fig. 6(a) to (d) show 
corresponding thermal distribution images at pressures of 
(a) 10-5, (b) 10-3, (c) 10-1 and (d) 10 Torr. The temperature 
increase (ΔT), which represents the amount of thermal 
isolation, maintained nearly the same value until the 
pressure reached about 10-2 Torr, and then started to drop 
due to heat loss by convection. From the quantitative 

experimental measurements of the pressure dependence 
of thermal isolation, we can directly estimate the 
packaging performance of the microbolometer image 
sensors after vacuum sealing. 

IV. CONCLUSIONS 

We experimentally demonstrated the thermal 
characteristics of individual pixels in microbolometer 
image sensors by use of a thermoreflectance microscopy 
technique. The 2-D temperature distribution on the pixels of 
two types of shared-anchor structured microbolometers was 
quantitatively measured. The measured thermal 
characteristics agreed closely with the results extracted 
by electro-thermal analysis. We also evaluated the 
pressure dependence of the thermal isolation charac- 
teristics of microbolometer sensors by measuring the 
quantitative thermal distribution images as a function of 
pressure. The results demonstrate that thermoreflectance 
microscopy is a useful tool to estimate the thermal 
properties of microbolometer pixels for optimal 
bolometer design and performance enhancement. 
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Fig. 5. Measured temperature variations of microbolometer 
design1 and design2 as a function of input power 

 

 

Fig. 6. Thermal distribution images of microbolometer design2 
measured by the TRM system at vacuum levels of (a) 10-5, (b) 
10-3, (c) 10-1, (d) 10 Torr 

 
 

 

Fig. 7. Average temperature variation of microbolometer 
design1 and design 2 as a function of pressure measured by 
TRM system 
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