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Abstract — Non-dispersive-infra-red (NDIR) sensors are 
believed to be one of the most selective and robust solutions for 
CO2 detection, though cost prohibits their broader integration. 
In this paper we propose a commercially viable silicon-on-
insulator (SOI) complementary metal-oxide (CMOS) micro-
electro-mechanical (MEMS) technology for an IR thermal 
emitter. For the first time, vertically aligned multi walled carbon 
nanotubes (VA-MWCNTs) are suggested as a possible coating 
for the enhancement of the emission intensity of the optical 
source of a NDIR system. VA-MWCNTs have been grown in situ 
by chemical vapour deposition (CVD) exclusively on the heater 
area. Optical microscopy, scanning electron microscopy and 
Raman spectroscopy have been used to verify the quality of the 
VA-MWCNTs growth. The CNT-coated emitter demonstrated 
an increased response to CO2 of approx. 60%. Furthermore, we 
show that the VA-MWCNTs are stable up to temperatures of 
500 °C for up to 100 hours. 

I. INTRODUCTION 
The demand for low-cost, high selectivity, low power and 

long life-time gas sensors has significantly increased over the 
past decade owing to the ubiquity and reduced cost of portable 
electronic devices. To date, electrochemical, catalytic and 
metal oxide gas sensors dominate the low-cost gas sensing 
market. However, electrochemical sensors suffer from short 
life-times [1], whilst poisoning [2, 3] and high power 
consumption [4] are key drawbacks of catalytic and metal-
oxide technologies. In addition, temperature drift, poor long-
term stability and very poor reproducibility of the metal oxide 
resistive sensors are still issues to be addressed in spite of their 
low cost and enhanced sensitivity. Non-dispersive infra-red 
(NDIR) spectroscopic gas sensors are expensive [5], largely 
due to system complexity, but offer high accuracy, high 
reliability and enhanced selectivity [1]. Recently, much effort 
has been dedicated towards the development of low-cost, 
ultra-miniaturised NDIR systems [6], driven by a burgeoning 
number of applications. Exploiting standard CMOS processes 
is an attractive route toward the fabrication of such infrared 
emitters and detectors. Yet, the emissive and absorptive 
properties of these devices often need to be modified to fulfill 
particular application requirements – such as gas selectivity. 

Several solutions have been proposed including “black” 
coatings [7], and quarter-wavelength structures [8], in addition 
to plasmonic [9] and photonic crystal structures [10]. 
However, these solutions are often CMOS incompatible.  

Yang et al. [11] demonstrated that a low density vertically 
aligned nanotube array based material can be engineered to 
allow the creation of an extremely low reflectance object. 
However, their experiments, based on the theoretical 
predictions by García-Vidal et al. [12], were limited to the 
visible spectrum. Mizuno et al. [13] found that “forests” of 
vertically aligned single-wall carbon nanotubes have 
remarkably high emissivity, which was nearly wavelength 
independent between 5 µm and 12 µm. The application 
oriented work of Lehman et al. [14, 15] showed that vertically 
aligned multi-walled carbon nanotubes could increase the 
sensitivity of a pyroelectric detector in the IR (up to 15 µm).  

In the past, we have demonstrated local growth, on micro-
hotplate platforms, of both spaghetti-like and vertically 
aligned single-walled and multi-walled carbon nanotubes [16]. 
In all cases the CNTs were grown by CVD exclusively on the 
heater area (in-situ growth) of SOI-CMOS microhotplate 
based micro-reactors. We have also shown the feasibility of 
wafer level in-situ growth [17], where we performed 
simultaneous growth on many hundreds of sub-millimeter 
reactors, which we believe afford one route toward the mass 
production of novel CNT-based devices.  

In this paper, for the first time, we report on the in-situ 
growth of VA-MWCNTs on SOI CMOS-compatible 
microhotplate based IR thermal emitters for emissivity 
enhancement to improve their CO2 sensitivity in a 
miniaturised NDIR system. 

II. OPTICAL SOURCE DESIGN AND FABRICATION 
The IR emitter was designed using the standard CadenceTM 

Virtuoso® custom design platform. A schematic cross-section 
and a photograph of the actual device are shown in Fig. 1 and 
Fig. 2, respectively. The emitter chip features a 300 µm 
diameter tungsten micro-heater embedded in a 600 µm 
diameter dielectric membrane. Accurate emitter temperature 
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control is enabled by the Si p+/n+ diode te
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Fig. 1: SOI-CMOS MEMS technology cross-sect

Fig. 2: Optical micrograph of an SOI CMOS-com
emitter, featuring a 300 µm diameter heater emb
diameter dielectric membrane. Die size 1 mm × 1
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Fig. 4: Raman spectrum of VA-MWCNTs under 

IV. RESULTS AND DISCUSSI
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Fig. 6: Normalised time dependent NDIR detector output for CNT-
coated and uncoated IR optical sources during CO2/Air pulsing. 

 
Fig. 7: Change in detector output as a function of time, for CNT 
coated optical sources working at 500 °C and 730 °C. Linear fit of 
the detector output change for the emitter working at 500 °C is 
superimposed for clarity. 

V. CONCLUSION 
We have reported on the in-situ growth of VA-MWCNTs 

on SOI CMOS-compatible microhotplate based IR optical 
sources as an effective additive for emissivity enhancement 
which we employ to improve CO2 sensitivity in a 
miniaturised NDIR system. We have shown that our emitters 
can operate at high temperature with limited power 
dissipation, due to their small size and excellent thermal 
isolation. An approximate improvement of 60 % in CO2 
detection and excellent thermal stability (drift < 1.3 %) for 
100 hours have been demonstrated. 
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