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Nowadays radiation in teraherz frequency range 

has many applications in different areas of science 

and industry. Despite years of research, the THz re-

gion of electromagnetic spectrum still has lack of 

sources and detectors. Almost all created high sensi-

tive detectors require cooling to liquid nitrogen or 

even helium temperatures.  
In 1996 M.Dyakonov and M.Shur  have shown 

theoretically [1] that a short channel High Electron 

Mobility Transistor demonstrate a resonance response 

to electromagnetic radiation at the plasma oscillation 

frequencies of the two-dimensional electrons in the 

device. The described device implements Field-

Effect-Transistor (FET) configuration and consists of 

transport channel framed by two contacts (source and 

drain) and a top-gate contact. As a consequence of the 

high plasma wave velocity and small FET dimen-

sions, the plasma wave frequencies are in the terahertz 

range. The plasma waves are accompanied by a varia-

tion of a dipole moment created by charges in the 

FET channel and the mirror image charges in the gate. 
In that view devices based on carbon nanostruc-

tures look promising because of operation with zero 

bias and their high electron drift mobility. In carbon 

nanonutubes (CNT) it reaches 100’000cm2/Vs [2].  

 
Fig. 1. Scheme of internal structure of the sample 

In this work we report on first studies of efficien-

cy of such detectors (Fig.1). Using CVD method we 

grew our CNT films on oxidized silicon substrate that 

serves as a back gate of the transistor. After that using 

photo- and electron- lithography we made Ti/Au con-

tacts and put over a layer of overexposed PMMA re-

sist as dielectric [3]. On the top of the PMMA we 

plated one more contact as top-gate. Source contact 

and top gate are part of a broadband log-spiral anten-

na that couple the radiation (see figure 1). Applying 

back gate voltage we control concentration and type 

of charge carriers in transport channel. We observed a 

strong photoresponse in a broad spectral range from 

130 to 900GHz. 

 In order to charecterize the device we first sweep 

potential of bottom gate and measure conductance as 

a function of the back gate voltage applying source-

drain voltage  of 10meV (see Figure 2). All measure-

ments were carried out at three temperatures (room 

temperature, temperature of liquid nitrogen, tempera-

ture of liquid helium). We further used these depend-

encies to calculate Seeback coefficient and compare 

its dependence on Vg to the gate dependence of the 

device responsivity (see figure 4).   

 
Fig. 2. Transistor characteristic of the tested sample 

measured at three temperatures (300K, 77K, 8K) 

As seen from the figure 2 the conductance de-

creases with cooling down, This indicates that there 

are more semiconducting tubes in the film than metal-

lic, which corresponds with the probabilistic estimate 

obtained from the conditions on the chirality vector 

components. [4]  
At the lowest temperature on figure 2 (8 K) it is 

possible to observe numerous irregularities. This hap-

pens due to different reasons but poor dielectric quali-

ty that introduces lots of local potential fluctuations 

makes this pattern non-reproducible. Charge traps 

formed by organic molecules of PMMA make noise 

during the low-temperature experiment.  

-10 -5 0 5 10

-6

-4

-2

0

2

4

6

R
e

sp
o

n
se

, 
m

V

Vg (V)

 300K

 77K

 8K

129GHz, 62mcW

 

Fig. 3. The photoresponse of the device to 129GHz ra-

diation at three temperatures (300K, 77K, 8K) 
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The experimental curves of photoreponse to dif-

ferent temperatures are shown on figure 3. It can be 

seen that the response grows up with cooling down 

the device. On the figure 4 responsivity curves are 

shown. As can be seen from the figure 4 all curves 

have a common trend regardless to the frequency of 

radiation. The main mechanism involved in rectifying 

the THz radiation was identified.  
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Fig. 4. The responsivity of the device to different fre-

quencies radiation at liquid helium temperature 

Thus, we showed that FET device with carbon 

nanotube film as a transport channel detect THz radia-

tion in all temperature ranges. Previously CVD gra-

phene device in the Dyakonov-Shur configuration 

was shown to have 1V/W responsivity [5] and gra-

phene encapsulated between 

two slabs of hexagonal boron nitride 20V/W [6]. In 

comparison with this CNT device shows responsivity 

up to 100V/W to  radiation of THz frequency range. 

This fact makes CNT devices promising for industry 

and interesting for scientific research. 
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