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Chapter 6: Conclusions  

 

Micromachined wavelength selective microbolometers operating at room 

temperature have been fabricated including a conventional microbolometer, 

resonant dielectric cavity enhanced microbolometer, and resonant air cavity 

enhanced microbolometer. Using surface and bulk micromachining techniques, 

significant improvement in thermal performance was achieved by removing the 

substrate from the bolometer, supporting it with long and narrow suspension legs 

to increase the thermal impedance. Fabry-Perot based constructive interference 

was produced by a mirror placed a quarter wavelength of the incoming infrared 

signal behind the impedance matched bolometer layer. This enhances the 

absorption of the microbolometer with wavelength dependency. All three 

fabrications processes produce a self-aligned structure for electrical isolation, 

which eliminates the process of further patterning the bolometer layer. The 

thickness of the membrane supporting the bolometer layer, which determines the 

resonance, should be chosen to insure that the structure of the microbolometer is 

mechanically stable and IC fabrication compatible. These limitations should be 

considered in the design of the microbolometer.  

The wavelength dependency of the microbolomter was achieved by 

modulating the amount of power absorbed by the bolometer layer, resulting in a 

device with wavelength dependent response characteristics. To calculate the 

absorbed power coupling efficiency, a transmission line equivalent circuit model 
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associated with the physical structure was developed. The coupling efficiency of 

microbolometers was modeled as a function of sheet resistance of the bolometer, 

thickness of the dielectric, relative dielectric constant, and incoming wavelength. 

Critical to achieving a high degree of wavelength selectivity in a multi-spectral 

microbolometer is the ability to control the thickness and quality of each multi 

layer stacks. If the gap between bolometer layer and mirror layer is filled with an 

air cavity, the first resonance is generated at a wavelength of 4 times the actual 

thickness of the air gap. For materials that have a large dielectric constant such as 

silicon nitride and silicon oxide, the effective air thickness of dielectric films is 

larger than the actual thickness of the dielectric films. 

For characterizing the microbolometer, several measurements were 

performed. The TCR of chromium as bolometer layer was 0.0005 1/K, and the 

thermal impedance of the resonant dielectric cavity enhanced microbolometer was 

measured to be on the order of 104 K/W operating at room temperature and 

ambient pressure; under vacuum this would be expected to increase by tow orders 

of magnitude. The experimental results indicate that the measured thermal 

impedance was strongly affected by thermal loss to air.  

The most reliable and clearest method of verification of the power-

coupling model is measuring the infrared response for many narrow band 

incoming infrared signals. By measuring narrow band response, the entire spectral 

response could be reconstructed. Due to limited availability, however, a limited 

number of wavelengths were used to verify the model. For monochromatic HeNe 

laser at 1.15 and 3.39 um, the results are within the 20% between measured and 
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response data. For broadband infrared illumination with peak wavelength of 2.75, 

3.25, 4, and 4.5 µm, the optical response follows the trend, but unambiguous 

verification of the model is not possible due to the broad bandwidth of the 

illumination. It gives the ambiguity due to lack of information on wavelengths. 1/f 

noise is dominant for this device. The NEP was calculated to be 5 x 10-8 W/(Hz)-

1/2 at the modulation frequency of 1500 Hz. 

One of future developments would be optimizing response of 

microbolometer sensors via interference effects through improving better 

bolometer material, configuring the leg width and length ratio, and operating 

device under vacuum. To enhance the wavelength selectivity for the application, 

four-color array may be a possible method of resolving the multi-wavelength 

ambiguities. The combination of efficient signal processing algorithm and 

scanning the response using turntable microbolometer is useful approach for 

resolving multi-wavelength ambiguities 
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