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Appendix A: Simulation and experiment comparison of CNTs

In order to show that the simulation and the experiments in the reference has the consistent data, the
parameters under different experimental conditions are simulated (Fig.1). We simulate the response
strength of the carbon nanotube sensor under different THz irradiation intensity. The CNTs sensor
layer consists of p-n junctions connected by source and drain electrodes. Focused illumination causes
local heating of the p-n junction and thus a temperature difference between the p-n junction and the
contacts. As a consequence, a voltage ΔV is generated across the device due to the thermoelectric effect,
ΔV = SpΔTp-SnΔTn = (Sp-Sn)ΔT, where Sp(Sn) is the Seebeck coefficient of the p-type (n-type) portion of
the CNTs [1]. So the corresponding response voltage or current are generated. The current-voltage
characteristics of our CNTs sensing and its response to THz irradiation at 1.4 and 39 THz are shown in
Fig. 1 (a) and (b), with the corresponding experimental reference data [1]. Fig.1 (c) and (d) show the
power dependence of the photocurrent under illumination by a 375 nm and 808 nm laser in the
simulation and experimental reference [2]. It can be observed that the photocurrent increases as the
light intensity increases, which can be attributed to the photogenerated charge carrier efficiency is
proportional to the absorbed photon flux. The simulation diameter range of carbon nanotubes is 0.8
nm-2.7 nm, and the result data is the optimal value of the simulation results. Compared with the
experimental data in the same environment, there are some small differences, but they're similar. To
sum up, it can be regarded as the simulation of CNTs as the sensing layer material in our system is
feasible and has experimental reference basis.

Fig. 1 Responses of CNT detectors to electromagnetic signals: comparison of emulational and experimental data. (a)-(b) Current
versus voltage for THz irradiation at 1.4 and 3.11 THz, respectively. The red lines are simulated results while the black lines are
experimental references which from a flexible CNT-array-based THz scanner at room temperature [1]. (c)-(d) The responsivity of
the photocurrent vs absorbed light power with wavelength 375nm and 808nm, respectively. The pink lines are simulated results and
the blue lines are experimental references from [2]. In simulation, the diameters of CNTs are adopted within a reasonable range from
0.8 nm to 2.7 nm, and the result data is the optimal value.1
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Appendix B: Performance analysis of terahertz detection materials
As a simulated material with experimental reference data in the system of sensing layer, CNTs can
detect terahertz range from 0.14 to 39 THz compared with other materials in Table 1 [3]. It has
responsivity as high as ~2.5 V/W and polarization radio as high as ~5:1 [3]. With the development of
nanometer technology, the preparation technology of CNTs will be improved continually, which is
expected to achieve a higher performance of responsiveness.

Table 1 Comparison of Characterization Parameters of Different Materials Detected by Terahertz

materials CNTs [4],[5],[3],[2] CMOS [6] GaN/AlGaN [4] Graphene [7] GaAs/AlGaAs [5]

Responsivity 0.58 A/W (2.5 V/W) 3.3× 103 V/W 48× 10−3 A/W 45× 10−3 A/W 6× 102 V/W

NEP (× 10-11 HzW / ) 3.1 10.6 5.7 4.8 1000

Detection zone (THz) 0.14~39 0.3~3 0.1~1.8 0.4~2.2 0.235~0.24

According to the waveform analysis in Figure 1 (d) of the text, signals of three types of different images
can be distinguished within one hundred nanoseconds. Therefore, it can be concluded that our system
can monitor 10 million different signals within one second.
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