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ABSTRACT 
Carbon nanotubes (MWCNTs, SWCNTs) were utilized to manufacture near–infrared photoconductive detector. Porous silicon 
(Si) was utilized as a substrate to deposit CNTs by the drop casting system. The CNTs carrier concentration, conductivity and 
carrier mobility were measured. Different sorts CNTs photodetectors show a good photoconductive performance at wavelength 
(980-1200nm) particularly SWCNTs, responsivity was found to be (0.0199A.W-1) and specific detectivity (D*) 2.36×107 cm 
.Hz1/2.W-1and response time 2.5ns. 
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1. INTRODUCTION 
The entrancing optical and electrical properties of carbon nanotubes set off our enthusiasm for investigating their 
potential applications in close infrared (NIR) photoconductive (PC) gadgets. Carbon nanotubes (CNTs) are promising 
contender for future IR finders because of their extraordinary band structure, great electronic and optoelectronic 
properties, and super mechanical and concoction secure qualities and have novel properties that make them  
conceivably valuable in a wide assortment of uses in nanotechnology, electronics, optics, and different fields of 
materials science. Also, the band gap of a semiconducting carbon nanotube (CNTs) is tunable by changing its diameter 
and chirality [1-3]. 
In the previous couple of years, there were concentrated study on the infrared response of carbon nanotubes, the 
explorers of photodetector of CNT demonstrate that carbon nanotubes show strong infrared light absorption with 
broadband and fast  light responses up to picoseconds, which demonstrated that CNTs have potential application in IR 
detector. Optoelectronic properties of carbon nanotubes make them exceptionally intriguing segment for infrared 
sensors.[4]. There are two types of IR detector: photon and thermal types. In general, photon types are favored basically 
because of their superior sensitivity and resolution. Uncooled thermal sensors have attracted much consideration in 
light of the fact that they work at room temperature. These devices offer the benefit of low cost manufacture and a wide 
band of 8 - 14 μm [5]. Optoelectronic materials that are responsive at the wavelengths in the near- infrared (NIR) 
region (e.g., 800–2000 nm) are exceptionally desirable for different requesting applications, for example, telecom, 
thermal imaging, remote sensing, thermal photovoltaic, and solar cells [6, 7] In this work, the photoconductive 
response of different types CNTs (SWCNT, MWCNT) deposited on N-type silicon in the NIR spectral range was 
acquired. 

2. EXPERIMENTAL WORK 
n-type Si wafer of 1.5 Ω.cm resistivity and thickness (508+-15 µm) was used as a starting material in the 
photochemical etching. The samples of 2 x 2 cm dimensions were cut from the wafer and rinsed with acetone and 
methanol to remove dirt. In order to remove the native oxide layer on the samples, they were etched in diluted (10 %) 
HF acid. After cleaning the samples they were immersed in HF acid of 50% concentration and ethanol (1:1)  in a 
Teflon beaker. Tungsten halogen lamp of 250 watts was used as the photon beam source. The photoetching irradiation 
time was chosen to be 10 minutes. At the end of the photochemical etching process, the samples were rinsed with 
ethanol and stored in a glass container filled with methanol to avoid the formation of an oxide layer above the porous 
silicon film. 
The porous silicon substrate was   used to fabricate CNTs photoconductive detector. The micro mask of (o.4mm) 
electrodes spacing was used to deposit the Aluminum electrical electrodes on the surface, as shown in figure. 1. a.  
Two types of CNT were used to prepare the solution, single wall carbon nanotubes (SWCNTs) with a diameter (1-2nm) 
and length 30µm and  multi wall carbon nanotubes (MWCNTs) with a diameter (10-30nm) and length (1-2µm) are 
dispersed in 25ml DI-methyl formamide, sonicated for 2hour, and  stirred for 1hour. After depositing the solution on 
electrodes by drop method, the samples were left to dry in room temperature. The photoresponsivity  of the 
photoconductive detector are measured by using a laser diode with a wavelength range from (980-1200nm) and power 
(50mW) as the source of illumination. The light is modulated by a mechanical chopper; figure.1b shows a schematic 
diagram of the experimental setup. 
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Figure .1a: Schematic diagram of inter digital electrodes, b: Schematic diagram of the experimental setup. 

3. RESULT AND DISCUSSION 
The Hall Effect setting type (HMS3000) was used to study the electrical properties of CNTs (conductivity, carrier 
mobility, charge concentration). Table 1. Shows the Hall measurements for different types of CNTs. 
The table is shown that all types of CNTs are p-type semiconductor, with different carrier mobility. 
 

 Table 1. Hall measurement for CNT detector. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 

 
 
The current-voltage (I-V) characteristics of the fabricated photoconductive detector as a function of the bias voltage at 
dark and under illumination of laser diode (50 m W) were tested. The overall increase in current was observed at room 
temperature. Figure.2 shows the I-V characteristic of  different types of carbon nanotubes under the illumination by 
laser diode 980 nm, the figures  shows that the increase of the photocurrent for the SWCNTs IR detector samples are 
much more than the increase of photocurrent for MWCNTs sample.  
The mechanism of the IR photocurrent is related to the IR absorption in CNT, exciton generation and their dissociation 
on photoelectrons and photo holes at the (metallic electrode- nanotube interface) due to Schottky barrier. When the 
laser light is illuminated at the interface, some energetic electrons overcome the symmetric tunnel barrier at the 
interface and fall into the metal electrode leaving holes in the film. This causes an electron hole separation at the 
interface and thereby creates a local electric field. Under the influence of this electric filed, the carrier, and then 
diffuses to the other electrode through percolating CNTs network. 

 

Parameter SWCNT MWCNT 

Bulk concentration 
1/cm3 

5.580 1011 1.264 1016 

Conductivity 1/ Ω. Cm 2.575 101 5.577 

Mobility Cm2/Vs 2.880 108 2.753 103 

Average Hall 
coefficient m 2/C 

1.119 107 4.937 102 

Resistivity (Ω.cm) 3.88 10-2 1.79 10-1 
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Figure 2. The variation of the photocurrent of the fabricated CNT IR detector as a function of bias voltage for  

MWCNTs and SWCNNTs. 

Table .2 Figures of merit for CNT photoconductive detector. 

 

Table .2 shows the figure of merit for the IR CNT photoconductive detector. The photoconductive gain (G), which is 
calculated from the ratio between the photocurrent to the dark current at the same bias voltage, is given by the equation 
G= r. Also, the carrier life time ( ) was calculated after calculate Tr(transit time ) ℓ 2/µ.VB, using the value of 
gain  G and mobility for MWCNTs and SWCNTs as found from Hall measurements , L=0.04 cm and VB=5V. 

It can be noticed from the table that the gain for SWCNTs was about 6.6 at 5v bias whereas the photoconductive gain for MWCNTs 
was 3.4. These results show that SWCNTs has the best responsivity and response time (0.0199A/W, 2.5 ns). 

The response time τ of the prepared detectors was calculated from the relation between gain and transient time 
(G=τ/Tr). The response time of the fabricated SWCNTs detector was 2.5 10-3 µ Sec where the response time for 
MWCNTs 8.4 µ Sec. These results of photo response can be attributed to the metallic electrode –CNTs interface due to 
Schottky barrier when the laser light (980nm) is illuminated at simples exciton generated (electron and hole ) at the 
interface followed by charge transport and collection at the external electrode . 
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4. CONCLUSIONS 
Different types  of  CNTs photoconductive detector were fabricated on  (n-type) Silicon, the device exhibiting a good 
response and responsivity to near-infrared (980nm) wavelength especially SWCNTs the responsivity was 0.0199A/Watt 
and response time 2.5 ns . 
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