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ABSTRACT   

As microbolometer pixel dimensions for infrared imagers continue to decrease, the need for full-wave analysis 
in the design process is enhanced. Using reflectance as the validation point, an electromagnetic model of a dual-layer 
microbolometer pixel design was created for a 25 µm pixel design, and an in-depth study of the design was performed. 
With this model validated, further explorations were completed with a reduced size pixel. While simulating multiple 
variations of specific parameters, such as bridge thickness, upper and lower cavity heights, and different absorber 
configurations, a new evaluation metric of dissipated power in the structure was studied. This metric, provided by finite 
element analysis, provides great insight into absorption properties within the microbolometer structure, properties that 
cannot be directly measured but that are critical to the functionality of the pixel design. In this paper parametric analysis 
of microbolometer pixel designs are presented via both reflectance and dissipated power full-wave analysis. 
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1. INTRODUCTION  
Over the years, as manufacturing processes have developed the ability to create smaller devices, bolometers have 

greatly reduced in size. While these processes and size reductions were being developed, the field of computing has 
developed into a major field. Computers have become great tools, capable of performing huge tasks and the millions of 
calculations required to perform full-wave analysis of electromagnetic systems in a very short time; making them 
invaluable to researchers. As these technologies were evolving, infrared technologies were recognized as useful in 
military applications, and the fields of safety and security, and a huge market developed around them.   

1.1 Applications 

The resistive microbolometer has been implemented in many products world-wide, for both private and military 
uses. In the private sector, infrared imaging via the use of microbolometer arrays is used in fire fighting, law 
enforcement, security systems, hunting, aviation, automotive systems, building inspection, automation systems, and 
furnace inspections. The military uses them in targeting systems, advanced scouting systems, night vision systems, 
weapon sights, and marine and aviation systems.1  

1.2 Resistive Microbolometer Technologies 

As stated previously, there are many applications for resistive microbolometers; however, they started as classified 
United States Department of Defense projects in the late 1970s after the success of the single element detectors that 
Texas Instruments, Honeywell, and Hughes Aircraft developed in the 1950s and 1960s. This lead to more complex 
imaging devices that were capable of infrared images in 1979, produced by both Honeywell and Raytheon R&D.2 
Eventually, the technology was declassified in 1992, and subsequently patented and licensed to multiple companies for 
commercial use.  
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Modern resistive microbolometers are thin sheets of a material that are used to absorb electromagnetic radiation. As 
they absorb radiation, the temperatures of the sheets rise, and the resistance changes.3, 4 Typically, the modern 
microbolometers are arranged into arrays of multiple pixels at the focal plane of the imaging system. These pixels absorb 
the radiation in the 8 to 14 micron region of the spectrum, and their resistance is measured.3 From these measurements, 
the infrared scene can be rebuilt into a human-readable image.  

There are many metrics by which modern microbolometers are evaluated. Those figures that are typically found in 
discussions on microbolometer technologies are responsivity, reflectance, noise equivalent power, specific detectivity, 
minimum resolvable temperature difference, thermal response time, and noise equivalent temperature difference.3,4 
While these figures are all very important to the characterization of microbolometers, only a few of them can be directly 
measured on the array, and the one that the industry uses most to characterize pixel performance is reflectance. For this 
reason, the experiments performed used reflectance as the validation and comparison points. The experiments also 
introduce absorption factor as a parameter that compliments the reflectance calculations and helps to explain more of 
what happens within the structure.  

1.3 Numerical Analysis Technologies 

There are many different types of numerical solution techniques that have been created since the very first single 
element detectors of Honeywell, Hughes Aircraft, and Texas Instruments. A quick survey of literature will return 
hundreds of results with many more advances and calculation techniques for each method that has been proposed. The 
preferred technique of the authors for full-wave analysis is the finite-element method.  

The finite-element method first started appearing in electromagnetic literature in 1968, about the same time that 
Raytheon and Honeywell were developing the first infrared imagers. The method had matured enough by 1983 to merit 
several textbooks, and started becoming the focus of researchers that needed full three-dimensional analysis techniques.5 
Though the method had become well-developed over the years, it was still too cumbersome to use for complex structures 
until computers had developed enough to be able to store all of the data that is generated from the method.  

The finite-element method requires that a unit cell be created. This cell is an enclosed volume, over which the 
method will iterate to numerically solve the problem. First, the model will be created inside of the enclosed volume. 
Then, boundary conditions will be applied to the edges of the volume. With the boundary conditions in place, an 
excitation can be applied to the structure. Once all of these are selected, the solver can begin to create a numerical 
solution.5, 6  

The solver first meshes the solution region. A mesh is a set of elements of a pre-defined shape (usually tetrahedron) 
that can be used to solve for free-points in a system. Once the free-points are solved for, interpolation functions can be 
applied to the elements to find a field quantity anywhere over the volume of the element. After the mesh is completed, 
and the interpolation functions are selected for the elements, the properties of each element are found and expressed as 
matrix equations. These equations are then solved using either a direct approach, weighted-residuals approach, or 
variational approach. The next step is to assemble the properties for each element, and develop the system equations. 
The system equations are then modified to enforce the boundary conditions, and solved using traditional linear algebra 
approaches. Typically, after this is completed, the numerical simulator will check these results for convergence, and if 
they do not converge enough, will refine the mesh and repeat the procedure. Finally, the results will be reported, and can 
be used to calculate any number of the field parameters that may be of interest.5, 6 

 
  

2. SIMULATION SETUP AND VALIDATION 
2.1 Software and Simulation Setup 

Ansoft High Frequency Structure Simulator (HFSS) was chosen as the platform for the full-wave analysis of a 
preexisting complex pixel structure due to its reputation as an excellent software platform. In addition to these reasons, 
HFSS contains many useful tools and configurations, and is capable of managing the very large quantities of memory 
that were required to simulate the preexisting pixel as an infinite focal planar array.  Among those features that were 
used are Floquet ports, periodic boundary conditions, integrated field calculator, integrated model builder, custom 
frequency-dependant material library creation, and integrated mesher.  
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The simulation for the base pixel was set to simulate the absorption and reflectance characteristics of the unit 
volume at wavelengths between 2 and 16 um. In addition, the unit volume would be repeated infinitely in the X and Y 
directions via the built-in Master/slave boundaries. At the bottom of the solution region was a perfect electric conductor 
(PEC) to simulate perfect reflection. These boundaries, with the addition of the Floquet port parallel to the PEC, allowed 
the simulator to approximate the solution to that of an infinite planar array. The boundaries and excitation can be seen in 
the figure below:  

 
Figure 1. The boundaries and excitation of the system simulation. Periodic Master 1(darker) and slave 1 boundary (top left), 
Periodic Master 2 (darker) and slave 2 boundary (top right), Perfect Electric Conductor (bottom left), and Floquet port (bottom 
right).  

 Microbolometer imagers typically contain focal-plane arrays with a large number of pixels. For this reason, it was 
necessary to use some sort of periodic boundary, and a large array, such as those found in infrared cameras, can be 
approximated by an infinite array at ranges as close to the pixels as these simulations are. In addition to this, the array is 
mounted on a very thick substrate that contains the read-out integrated circuit. This allows for the approximation of the 
thick substrate as a perfect reflector. Finally, the inclusion of the Floquet port is to give the system an incident plane-
wave excitation. The Floquet port predicts the reflectance at the same location that it introduces the plane-wave, so it is 
the perfect candidate for the excitation port.    

2.2 Base Model  

The base model that was simulated and validated with this method was a 25 um pitch pixel. The pixel itself is a 
dual-layer design containing a meandering leg structure set off of the PEC by approximately 1 um of via structure. There 
is another set of 1 um vias on the leg structure supporting a bridge structure. The bridge structure is composed of metal 
leads that connect to a vanadium oxide microbolometer that is a 24 um square patch sandwiched between silicon nitride 
layers. The vias and the legs are also comprised of the same metal, sandwiched between two layers of silicon nitride. The 
complete structure can be seen in Figures 2 and 3.  
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Figure 2. Side view of 25 um simulated pixel with important sections labeled.  

 
Figure 3. Perspective view of 25 um simulated pixel, showing VOx patch, metal leads, and via structure.  

2.3 Base Model Results 

The model from Section 2.2 was simulated and compared against experimental results for an array of the same 
pixel. The results showed a good agreement, with an average reflectance of 25.35% in the experimental data and 23.16% 
in the simulated data over the region of interest, 8 to 14 um. Figure 4 gives the full results of this simulation compared 
against the experimental reflection data.  

 
Figure 4. Modeled and measured reflectance data for the baseline 25 um design.   
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2.4 Power Absorption  

Using this baseline model, the metric of absorption factor was introduced as a way of explaining where the absorbed 
power was being dissipated within the structure. The idea behind the introduction of this new metric is that by 
maximizing the power dissipated in the bridge, the pixel will maximize its effectiveness and produce a much stronger 
and more reliable signal. In order to do this, there must be a way of measuring the dissipated power, and comparing it 
against other parts of the structure. Thus, the dissipated power in different parts is calculated through the HFSS field 
calculator, and the magnitudes are compared. The results of those calculations can be seen in Figures 5, 6, and 7. 

 
Figure 5. Total absorption factor for the baseline simulation.  

 
Figure 6. Absorption factor for the baseline simulation in the leg structure.  
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Figure 7. Absorption factor for the baseline simulation in the bridge structure.  

Figure 5 gives a clear view of how the system reacts to infrared radiation with the bridge absorbing most of the total 
power absorbed in the region of interest, and the leg absorbing only about 10% of that for the majority of the region. 
Figure 6 gives a more detailed view of how the leg structure responds to the excitation, with the metal absorbing much 
more of the radiation than the silicon nitride. Figure 7 provides this same detailed look for the bridge structure; however, 
in the case of the bridge, the silicon nitride is the main absorber, while the vanadium oxide absorbs very little.  

 

 

3. FURTHER EXPLORATIONS 
3.1 Summary of Explorations  

With the good agreement found in the baseline case, a set of further explorations in the 25 um case were developed 
and simulated. While those explorations were being developed, a similar model was developed in parallel with a smaller 
scale and simulated with similar configurations. There were three big changes between the 25 um and reduced size case. 
The first is the reduction of the width of the vanadium oxide. The second change is a much lower bridge fill factor, down 
to 59.16%. The third major change is an absorber on the bridge. The configurations that were tested in both cases include 
the introduction of an absorber with several different configurations, upper and lower cavity size variations, and 
variations in the thickness of the silicon nitride in the bridge.  

3.2 Reduced Size Baseline Results  

Similar to the larger model, the small model gives about a 23.77% average reflectance over the 8-14 um region, seen 
in Figure 8. In addition to that, it also followed similar trends in the absorption data, as can be seen in Figure 9.  
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Figure 8. Reflectance for Reduced Size Pixel  

 

 
Figure 9. Absorption factor for the reduced size pixel.  
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3.3 Absorber Variations  

An absorber was added to the top of each pixel, and the reflectance values were calculated. From those simulations, 
a nominal value of 600 ohms per square of sheet resistance was chosen for the resistance of the absorber in 25 um. For 
the smaller pixel, the material properties of a real metal based absorber were measured and input into the system, and 
simulated at three different thicknesses above the pixel, with the nominal having an equivalent sheet resistance of 490 
ohms per square. Table 1 gives the average reflectances for both nominal cases. Table 2 gives the results for the 25 um 
case expanded to include all of the variations performed on the sheet absorber. Table 3 shows the results of the different 
absorber configurations on the smaller pixel, as well as the average absorption factor of the absorber.  

 
Table 1. Reflectance comparison for the nominal configurations tested over the 8-14 um region of the spectrum.  

 
Table 2. Reflectance comparison for the different configurations tested on the 25 um pixel over the 8-14 um region of the 
spectrum.  

 
Table 3. Reflectance and absorption comparison for the different configurations tested on the reduced size pixel over the 8-
14 um region of the spectrum.  

In the case of the smaller pixel, the thickness given to the “real” absorber allows for the calculation of the sheet 
resistance. This thickness also gives the ability to calculate the absorption factor for the absorber, and the results show 
very clearly that the absorber is acting as it was expected to, absorbing the majority of the radiation. When considered in 
respect to the rest of the structure, it is clear that the two parts that will dominate the output are the bridge silicon and the 
absorber, as seen in Figure 10. 
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Figure 10. Absorption factor comparison for the different configurations tested on the reduced size pixel.  

3.4 Upper and Lower Cavity Variations 

In both the 25 um and smaller pixels, the cavities were varied incrementally by modifying the top gap size by the 
amount shown in the table, and holding the bottom gap size at the modification shown in the table  and simulating until 
all variations had run. Those simulations produced some clear trends in reflectance in the 25 um pixel, and in both 
reflectance and absorption factor in the smaller pixel. At 25 um, the reflectance lowered as the cavities got shorter, 
indicating that there is still some optimization that can occur with the cavity heights. For the smaller pixel, the best 
reflectance data that was observed was the nominal case, and as the gap was increased or decreased, the reflectance 
increased. From these results, two tables were obtained, and can be seen in Tables 4 and 5.  

 
Table 5. Reflection comparison of the 25 um pixel with top and bottom gaps modified by the amount in the row and column 
headers.  
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Table 6. Reflection comparison of the reduced size pixel with top and bottom gaps modified by the amount in the row and 
column headers.  

In the case of the smaller pixel, the absorption data was also calculated. Again, trends can be seen in the averages as 
they are plotted with respect to the change in height of the gap between PEC and leg or leg and bridge. One of the trends 
is that the absorber is always the largest absorption factor and its lowest points are the first three times the bottom gap is 
increased by 2 um. The highest absorptions occur when there is no net change to the bridge heights and when the cavity 
heights are reduced by 1 um. At the lowest absorptions for the absorber, where the total height of the cavities are 
increased by at least 2 um, the leg metal takes over the role as the absorbing material that is second to the absorber. In 
these cases, it is likely that the output of the pixel would suffer in accuracy. All of these features can be seen in Figure 
11.  

    
Figure 11. Average absorption factor by component in the smaller pixel. Organized by change in height from nominal 
model: (change in bottom height, change in top height).   
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3.5 Bridge Thickness Variations: Silicon Nitride 

The bridge thickness variations on the 25 um pixel comprised of model modifications which changed the thickness 
of the upper and lower layers of silicon nitride to 100 nm, 300 nm, and 500 nm on each side of the vanadium oxide. On 
the smaller pixel the bridge thicknesses variations were 250 nm, 500 nm, and 1000 nm.    

The results of both the smaller pixel and the 25 um pixel show a clear increase in reflectance over the 8-14 um 
spectrum as the silicon nitride is thickened. For the 25 um pixel, the average reflectance at the 100, 300, and 500 nm 
increases are 17.53%, 26.98%, and 34.35% respectively. For the smaller pixel, the average reflectance at the 250, 500, 
and 1000 nm increases are 25.01%, 27.70%, and 29.97% respectively.  

For the 25 um case, there seems to be a trend of the peak absorption for the bridge silicon to shift toward the smaller 
wavelengths with greater thickness. This same trend can be observed in the smaller pixel as well, despite the inclusion of 
the absorber. Not only does the trend exist, but it is at the complete expense of the absorber, which is no longer the 
dominant force for absorption when the thickness of the bridge is varied. The results for the 25 um set of variations can 
be seen in Figure 12, and the results for the smaller pixel may be seen in Figure 13.  

 
Figure 12. Absorption factor by component for the 25 um pixel at each bridge thickness tested.   
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Figure 13. Absorption factor by component for the reduced size pixel at each bridge thickness tested.   

 
 

4. CONCLUSION 
The modern microbolometer is a very complex structure that requires careful consideration. Now that technology 

has advanced enough to allow for these simulations to take place in a relatively short amount of time (for these 
simulations: roughly four hours per variation), both independent researchers and companies alike should reevaluate their 
current systems with modern numerical techniques. It is from such reevaluations that the 25 um model discussed in this 
paper was produced.  

Though these experiments produced no governing equations, simplifications, or hard-fast rules by which to design 
future microbolometers, they did serve to introduce two thoughts, and several trends that are worth further investigation. 
The first thought is that numerical simulation has matured to the point where it is now beneficial to go back over the 
well-known designs and validate them on computers. The second is that these designs can then be expanded in whatever 
ways the designer wishes as virtual experiments. The purpose of such experiments being to isolate the changes that make 
the best impacts to the results and incorporate them into a production-level experiment, saving both time and money that 
the traditional methodologies of incremental experimentation would have used to arrive at the same results.  

The models show several trends that may be useful to microbolometer designers in the future. The first of these 
useful trends is the tendency of the bridge silicon in both the 25 um and smaller design to dominate the absorption, and 
the leg metal to be second to it. In the case of the absorber study, the trend for the 25 um pixel is to decrease reflectance 
with increased sheet resistance. This trend, however, is exactly opposite that found when using real absorber material 
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data with the smaller pixel. In the case of the reduced size pixel, the trend is for the reflectance to decrease (and 
absorption factor to increase) with decreased sheet resistance. With the cavity variations the 25 um pixel had a trend of 
decreasing reflectance with smaller cavity sizes, but the reduced size pixel was already at its lowest reflectance. In 
addition to that, the best absorption factors were found to be at the lower heights, or where there was no net change in 
overall pixel height. It also highlighted several areas of concern, should the overall height increase by 2 or more microns. 
Finally, the bridge thickness study showed two repeated trends. The first is that the thinnest bridges gave the least 
reflection. The second trend is that the bridge silicon was the dominant force for absorption and its peak absorption 
factor shifted toward smaller wavelengths with increased bridge thickness.  
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