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Progress in carbon nanotube films based photodetectors
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Abstract: Photodetectors play a key role in various demanding applications, such as remote sensing, night vision, re-
connaissance, medical imaging, thermal imaging and chemical detection, etc. Structures and features of the photode-
tecting materials directly affect the performance of the photodetectors. In recent years, carbon nanotubes (CNT) have
rapidly grown into the alternative materials in photodetection due to their unique optical and electrical properties. The
early researches were mainly focused on photodetectors based on individual carbon nanotubes, while potential applica-
tions require carbon nanotube thin films as the detecting layers to maximize the photo absorption ability and the detective
efficiency. Therefore, preparation of large-area, high-density, high-orientation, and high-uniformity carbon nanotube
thin films, and fabrication of the photodetectors based on these thin films, have attracted great research interest in the
field of CNTs. Herein we elaborate the development of preparation methods of CNT thin films as well as the recent prog-
ress in the CNT-based photodetectors with a discussion on its development tendency in the near future. .

Key words: carbon nanotube, aligned carbon nanotube film, photodetector, photovoltaic effect, photothermoelectric
effect
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carbon nanotube cylinders blown from carbon nanotubes, (c)

(a) device diagram, (b) reaction photos of hollow

the entire carbon nanotube film removed from the substrate,

(d)cut small pieces of carbon nanotube film""
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Fig. 4 (a)-(c) Macro and micro morphology of the prepared
carbon nanotube film, (d) a schematic diagram of a device de-
signed to synthesize, deposit, and transfer SWCNTS films,

(e)carbon nanotube film on simple substrate'*’
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Fig. 5 Fabrication and characterization of wafer-scale monodo-
main films of aligned CNTs (a) A CNT suspension goes through
a standard vacuum filtration system. For spontaneous CNT
alignment to occur, the filtration speed must be kept low and
the CNTs must be well dispersed in the suspension, (b) A wa-
fer-scale, uniform CNT film is formed on the filter mem-
brane, (c)Optical image of the produced film after being trans-
ferred to a transparent substrate by dissolving the filter mem-
brane, (d)a high-resolution SEM image, (e) and a top-view
TEM image'™
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Fig. 6 Schematic diagram of layer by layer self-assembly of
MWCNTs with negative charge™’
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scopic images, (d) device preparation process and schematic

(a) - (¢) Carbon nanotube optical and SEM micro-

diagram, (¢)schematic diagram of device testing, "’
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Fig. 8 (a)-(b) are the respective current-voltage characteris-
tics of bolometer and PTE devices under darkness and illumi-

nated conditions.
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Fig. 9 Schematics of the (a) millimeter-scale and (b) mi-

crometer-scale CNT-based photodetector ™’
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Fig. 10
140nm, Al/Au electrode gap is 3. 9mm; (b) photothermoelet-

(a) suspended SWCNTs films with a thickness of

ric detector with p-n doping ™"’
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Table 1 Summary of Carbon nanotube film -based
bolometric and PTE photodetectors with key
device parameters from 2015to 2020

ok WA N e i WA IR
Aligned swent film'™ 2.5 V/W 0.1 1.39-3. 11 THZ
Aligned swent film'"*' 0,028 A/W =32 pis 0.66-3. 3 pm
Aligned swent film""* 2.5 V/W 0.1s 1.39-3. 11 THZ
M-swent/thymine ') 252 V/W 0. 8-1. 6 ms 10. 6 pm
VO, /swents' ! 0.017A/W  0.28s 0.8-2.5 pm
Suspended s—swents 0. 58 A/W 150 s 10 THZ
Swent film™”! N/A N/A 0.66-1.8 pm
Aligned swent film'"! N/A N/A 2.5-25 um
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Fig. 11

conductive detector with or without light, (b) the current-volt-

(a) The current-voltage characteristics of the photo-

age characteristics of the photodiode detector with or without
light, (c) the current-voltage characteristics of the phototrans-

istor with or without light
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Fig. 12 Flexible and fully transparent photodetector based
on porphyrin-SWNT-graphene heterostructure. (a) Schematic
showing the fabricationof graphene electrodes, SWNT net-
works, and porphyrin layer on plastic substrate, (b)SEM im-
age of boundary between graphene electrode and PET sub-
strate after porphyrin functionalization. The SWNTs, covered
by porphyrin molecules, are coated uniformly on the both gra-
phene and PETsubstrate, (c)-(d) Photographs of as-fabricated
photodetector exhibiting high transparency and flexibility' ™"
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Fig. 13

(a) Schematic diagram of graphene/s-SW CNTs cross-shaped photodiode, (b) optical image, (¢) Raman spectroscopy

of s-SWCNT film in radial stretching mode before and after, (d) graphene/s-SWCNT AFM image of film overlap area'"**’
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Table 2 Summary of Carbon nanotube film photovol-
taic detectors from 2015 to 2020

AR 2/

L W 137 55/ (A/W) WK/ pm
(emHz"W)
S—swent/CO/PCT71BM 2 0.25 0.9x10" 0. 86
Swents/Si02"% N/A N/A 0.85~1.2
Swent film''%! N/A N/A 1.65
Graphene/s—SWCNTfilm'"* 1.75 N/A 0.78~0.85
Mwents/n=Si' ! N/A N/A 0.6~0.8
Swents/NDIDPP' '3/ 0.15~0.4 2~6x102  0.3~0.8

Swents/CH3NH3PbI3 2 0. 027~0. 065 1.2~3.8x10"2 0.4~1.2
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Table 3 Summary of Carbon nanotube film photoconductive detectors and phototransistors from 2015 to 2020

R i ;% / (A/W) AR R/ (emHZ 2 w™") WA /pm
Swent/SGR™! 3000 N/A 0.38~0.77
Graphene/s—SWCNT film'"*"! 78 N/A 0. 405~1. 064
Swent/n—si' '+ N/A N/A 0.532
Swent thin film/C60"*! 97.5 10° 1~1. 4
Swents/CH3NH3PbI3 %) 7.7x10° N/A 0.52
Swent/SLG Y 0.209 4.8x10" 0.4~1.1
Swent/graphene' ' 50 N/A 0.4~1.2
chnt/PBSQDS'”HLJ 353.4 7.1x10" 1.55
Swents/CH3NH3PbI3—xClx/PBSQDs! ! 0.5~0.35 1.4~0.9x10" 0.5~1.3
Swents/(PEA),Snl ¢’ 6. 3x10* 1. 12x10" 0.6~0. 8
CsBi,l, /SWNTs! ") 6. 0x10°* 2. 46x10M 0. 74~0.76
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