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1. Introduction/Background 

The ability to detect and interpret the incoming infrared radiation of a scene or object that is not 

visible (to the naked eye) is essential for the Army to maintain the upper hand. To be better 

aware of the surroundings, infrared detectors, which can remotely measure the temperature of an 

object or a scene, require microbolometers with high sensitivity, high detectivity, and a large 

bolometric response (6). Such microbolometers will produce inexpensive, uncooled infrared 

detectors. To improve the bolometric response of infrared sensors, single-walled carbon 

nanotubes (SWCNT) can be used as the semiconductor material to absorb the radiation. In 

addition to detecting radiation, these CNT-based sensors have potential for different applications, 

such as detecting agents other than radiation. For example, CNT-based sensors can also detect 

chemical and biological agents, and thus, has potential use in other areas (6). For these sensors, 

individual CNTs showed promise as they can detect non-visible light. 

As a solution, a uniform system of nanotubes provides an easily mass-producible material. 

Figure 1 shows a system of SWCNT deposited onto a sapphire substrate. In comparison to more 

commonly used vanadium oxide (VOx) microbolometers, CNT-based bolometers provide better 

resistivity, as well as higher sensitivity and detectivity. Incoming infrared radiation is absorbed 

by the SWCNT, raising its temperature. The thermal response is associated with the electrical 

response, i.e., the temperature change leads to a change in resistance. The measured change in 

resistance, which results from the change in temperature, corresponds to temperature values, 

which are represented in the resulting infrared image (3, 4). CNTs provide a wider range of 

resistance values, dependent on the temperature. A larger variation provides greater clarity in the 

infrared image by increasing the temperature resolution.  

 

Figure 1.  Scanning electron microscopy  

(SEM) picture of spray-deposited  

CNT on sapphire substrate. 
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CNT-based microbolometers offer multiple advantages over previously used VOx 

microbolometers. CNTs can provide temperature coefficient of resistance (TCR) values as high 

as those obtained from VOx, but CNT films are more easily reproduced. There is 

experimentation being done to obtain TCR values even higher than VOx, when certain conditions 

are modified to increase sensitivity. For other factors, such as detectivity, CNT-based 

experiments result in values comparable or better than those obtained from VOx 

microbolometers, as shown by table 1 (6).  

Table 1.  Comparisons of performance metrics between VOx and CNT-based microbolometers. 

Performance Metrics Current VOx Film Based 

Technology 

Expected From the Proposed 

CNT Technology 

Frame rates 30–60 Hz 100–1000 Hz 

Sensitivity (TCR) 0.02 to 0.025/K ≥ (0.01–0.025/K) 

Pixel size 25 µm <25 µm 

Detectivity, D* ~(4–7) x 10
9
 cm Hz 

½
 W

–1
 ~(4–7) x 10

9
 cm Hz 

½
 W

–1
 

Compatible with printed electronics 

requirements 

No Yes 

 

SWCNTs have a higher TCR, as well, which leads to higher sensitivity (5, 6). 

TCR is defined as the change in resistance per Kelvin, divided by the resistance measured at 

room temperature (5): 

 
1 e

e

dR
TCR

R dT
  (1) 

2. Experiment/Calculations 

To create the system of SWCNTs, the chemical vapor deposition (CVD) method was used. A 

carrier gas, consisting of argon and hydrogen, acted as the carbon source. The chips were heated 

to decompose the gases into the SWCNT network. Once the SWCNTs were situated on top of 

silica oxide, which sits upon the sapphire substrate, photolithography was performed on the 

samples to define the contact regions. First, resist was spun onto the samples at 3500 rpm and 

then baked at 75 °C. The samples were then exposed for 4 s and post-expose baked. Once the 

samples were flood exposed and developed, the areas for the metal to be deposited were defined 

within the remaining resist. Figure 2 provides a schematic of the SWCNT fabrication process. 
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Figure 2.  A schematic of the SWCNT fabrication process; (a) substrate template (sapphire/SiO2), (b) addition of 

SWCNTs, and (c) deposition of metal contact pads. 

Two metals, titanium and gold, were evaporated and deposited onto the samples. First, the 

pressure was pumped down to 1.9 x 10
–6

 Torr. Then, 0.15 nm of titanium was deposited, 

followed by 2.5 nm of gold. Once deposited, acetone was used to lift off the remaining resist. 

The removal of the resist also removed the excess metal surrounding the contact pads. Once 

complete, the samples were left with metal contact pads sitting atop the system of SWCNTs.  

After fabricating the samples, they were wire bonded onto a 68-pin leadless chip carrier  

(figure 3). Once bonded, the device was measured for current and resistance versus voltage at 

temperatures ranging from 78 to 300 K. Liquid nitrogen, which flows to the dewar, was used to 

cool the chip. A parameter analyzer, 4156C, took current-voltage (I-V) measurements at varying 

temperatures.  The range of voltages tested was from –2.0 to 2.0 V.  

Using Ohm’s law, resistance was calculated for each device at each temperature. 

 

Figure 3.  The 68-pin leadless chip carrier:  

wire-bonded metal contact pads  

on CNT network 

SiO2 

Sapphire 

Metal contact pads 

68-pin LCC 
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3. Results and Discussion 

As mentioned, I-V measurements were taken at temperatures ranging from 78 to 300 K, at a 

voltage range of –2 to 2 V. Figure 4 shows the I-V measurements for a device at 78, 105, and 

300 K. The current is seen to increase as the temperature increases, as expected. 

 

Figure 4.  (a) (left) Parameter analyzer 4156C and (b) (right) measured current-voltage vs. temperature using 

4156C. 

Figure 5 shows that as temperature increases from 78 to 300 K, the resistance decreases. Using 

the aforementioned equation, the TCR is calculated to be ~3.12% at 300 K. 

 

Figure 5.  Resistance vs. temperature graph: As temperature decreases, resistance increases, 

providing a TCR of ~3.12% at 300 K 
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4. Conclusions 

The fabrication of a microbolometer using SWCNTs, which includes the processes of chemical 

vapor deposition, photolithography, metal deposition, and wire bonding, creates a 

microbolometer with a better ability to detect incoming infrared radiation. The SWCNT device 

exhibits a high TCR of 3.12% when exposed to temperatures varying from 78–300 K. This TCR 

is comparable to that calculated from VOx microbolometers. Further experiments should be 

conducted using SWCNTs to measure the response to incoming infrared radiation with respect to 

frequency. Overall detectivity, D*, could also be examined in CNT-based sensors. By further 

experimenting and using SWCNT networks in microbolometers, infrared detectors could be 

improved such that they can be used for an even wider variety of applications in a greater 

number of situations. 
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